
 
6G-PATH project has received funding from the Smart Networks and Services Joint Undertaking (SNS JU) under the 

European Union's Horizon Europe research and innovation programme under Grant Agreement No 101139172. 

This document reflects only the author’s view. The European Commission is not responsible for any use that may be made 

of the information it contains. 
 

  

 

 

D6.1- 6G trials and pilots validation and evaluation - Initial 
 

Document Summary Information 

Project number: 101139172 

Project Title 6G-PATH: 6G Pilots and Trials Through Europe 

Acronym 6G-PATH 

Start Date 1 January 2024 Duration 36 months 

Project URL www.6gpath.eu 

Deliverable D6.1 6G trials and pilots validation and evaluation - Initial 

Work Package  WP06 

Contractual due date 31/12/2025 Actual submission date 30/12/2025 

Type Report (R) Dissemination Level PU 

Lead Beneficiary UBRAD 

Responsible Author Imesha Wedikkara Gedara, Vishanth Weerakkody, Jing Li, Uthayasankar Sivarajah 
(UBRAD) 

Contributors Contributing partners: UBRAD, CSIC, UMA, TER, ONE, OROF, UWS, LEI, ASTON, KAU, 
CHAR, FOKUS, MCS, IT, ALB, ACTA, OTE, ADS 

Peer reviewer(s) Andreea Corici (FOKUS), Simone Kuntz (CHAR) 

Formal reviewer(s) Luís Cordeiro (ONE), João Fernandes (ONE),  Ioannis Chochliouros (OTE) 

 

http://www.6gpath.eu/


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 2  

Revision history (including peer reviewing & quality control) 

Version Issue Date % 

Complete 

Changes Contributor(s) 

V0.1 20/10/2025 5% Initial 
Deliverable 
Structure 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD), Luis Cordeiro (ONE) 

V0.2 28/11/2025 40% Section 1,2,3 
Additions 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD) 

V0.3 12/12/2025 70% Section 4 
Additions 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD), Juan Losada (CSIC), Evgeny Bogdanov 
(TER), Carmen Lazar (OROF), Pablo Salva Gacia 
(UWS), Qi Wang (LEI), Jose M Alcaraz Caléro 
(ASTON), Anna Brunström, Karl-Johan Grinnemo 
(KAU), Andreea Corici (FOKUS), Simone Kuntz, 
Martin Hocquel-Hans, Nils Lahmann (CHAR), 
Filipe Cabral Pinto, Raquel Ariana Silva Morgado 
Pinheiro (ALB), Pedro Rito and Susana Sargento 
(IT), Panayiotis Verrios (ACTA), Cristina Lessi 
(OTE), Alexandre Moron (ADS) 

V0.4 13/12/2025 75% Section 5 
Additions 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD) 

V0.5 14/12/2025 80% Section 6 
Additions 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD) 

V0.6 19/12/2025 85% Peer review Andreea Corici (FOKUS), Simone Kuntz (CHAR) 

V0.7 27/12/2025 95% Additions based 
on reviewers’ 
comments 

Imesha Wedikkara Gedara, Vishanth 
Weerakkody, Jing Li Uthayasankar Sivarajah 
(UBRAD) 

V0.8 29/12/2025 97% Full editorial and 
conceptual 
revision 

Luís Cordeiro (ONE), Ioannis Chochliouros (OTE), 
João Fernandes (ONE) 

V1.0 30/12/2025 100% Final version 
ready for 
submission in 
the 
Commissions’ 
portal 

Ioannis Chochliouros (OTE) 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 3  

Disclaimer 

This document reflects only the author’s/authors’ view. The European Commission is not responsible for any use 
that may be made of the information it contains. 

While the information contained in the documents is believed to be accurate, the author(s) or any other 
participant in the 6G-PATH consortium make no warranty of any kind with regard to this material including, but 
not limited to the implied warranties of merchantability and fitness for a particular purpose. 

Neither the 6G-PATH Consortium nor any of its members, their officers, employees or agents shall be responsible 
or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission herein. 

Without derogating from the generality of the foregoing neither the 6G-PATH Consortium nor any of its 
members, their officers, employees or agents shall be liable for any direct or indirect or consequential loss or 
damage caused by or arising from any information advice or inaccuracy or omission herein. 

 

Copyright message 

© 6G-PATH Consortium. This deliverable contains original unpublished work except where clearly indicated 
otherwise. Acknowledgement of previously published material and of the work of others has been made through 
appropriate citation, quotation or both. Reproduction is authorised provided the source is acknowledged. 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 4  

Table of Contents 

1 Executive Summary ...................................................................................................................................... 13 
2 Introduction ................................................................................................................................................. 16 

2.1 Mapping 6G-PATH Outputs ..................................................................................................................... 16 
2.2 Deliverable Overview and Report Structure ............................................................................................ 17 

3 State-of-the-Art and Conceptual Foundations ............................................................................................. 19 
3.1 Conceptual Frameworks for KPI-KVI Validation and Evaluation .............................................................. 19 

Key Value oriented conceptual frameworks ................................................................................................. 19 
Key Performance Indicator centric validation and evaluation frameworks .................................................. 20 
Integrated KVI-KPI orchestration frameworks .............................................................................................. 21 
Synthesis and gaps ....................................................................................................................................... 21 

3.2 Normative and Policy Frameworks Guiding KPI/KVI Development ......................................................... 22 
United Nations Sustainable Development Goals (UN SDGs) ........................................................................ 22 
European Green Deal ................................................................................................................................... 23 
EU Digital Decade Policy Programme 2030 .................................................................................................. 23 
Corporate Social Responsibility (CSR) Frameworks and ESG Models ........................................................... 24 

3.3 Theoretical Foundations Underpinning the 6G-PATH Framework .......................................................... 25 
3.4 Addressing Conceptual and Normative Gaps: The 6G-PATH Contribution .............................................. 26 

4 Validation and Evaluation Framework.......................................................................................................... 28 
4.1 Validation and Evaluation Methodology ................................................................................................. 28 
4.2 Framework Architecture ......................................................................................................................... 35 
4.3 KPI Validation and Evaluation Framework ............................................................................................... 37 
4.4 KVI Validation and Evaluation Framework .............................................................................................. 39 
4.5 Quality, Ethical, and Governance Principles ............................................................................................ 41 
4.6 Risks, Limitations, and Mitigations .......................................................................................................... 42 
4.7 Refinement of the Validation and Evaluation Framework Based on Phase-1 T&Ps................................. 44 

Key Pain Points Identified in Phase-1 T&Ps .................................................................................................. 44 
Mapping Phase-1 Lessons Learned to V&E Framework Refinements in Phase 2 ......................................... 45 
Implications for Phase-2 Large-Scale Experimentation ................................................................................ 45 

5 Implementation of the V&E Framework in 6G-PATH Use Cases ................................................................... 47 
5.1 UC-FARM-1 - Water Saving ...................................................................................................................... 48 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 48 
Triangulation of Results ................................................................................................................................ 49 
KVI-KPI impact analysis ................................................................................................................................. 50 

5.2 UC-FARM-2 - Smart Vineyards ................................................................................................................. 51 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 51 
Triangulation of Results ................................................................................................................................ 52 
KVI-KPI impact analysis ................................................................................................................................. 53 

5.3 UC-EDU-1 - XR Rural School ..................................................................................................................... 54 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 54 
Triangulation of Results ................................................................................................................................ 55 
KVI-KPI impact analysis ................................................................................................................................. 56 

5.4 UC-EDU-2 - Classroom of the Future ....................................................................................................... 57 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 57 
Triangulation of Results ................................................................................................................................ 57 
KVI-KPI impact analysis ................................................................................................................................. 59 

5.5 UC-EDU-3 - XR Health Training ................................................................................................................ 60 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 60 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 5  

Triangulation of Results ................................................................................................................................ 61 
KVI-KPI impact analysis ................................................................................................................................. 63 

5.6 UC-HEALTH-1 - 3D Hydrogel Patches ....................................................................................................... 64 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 64 
Triangulation of Results ................................................................................................................................ 64 
KVI-KPI impact analysis ................................................................................................................................. 66 

5.7 UC-HEALTH-2 - Elderly Monitoring .......................................................................................................... 67 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 67 
Triangulation of Results ................................................................................................................................ 68 
KVI-KPI impact analysis ................................................................................................................................. 69 

5.8 UC-CITIES-1 - Connected and Sensing City ............................................................................................... 70 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 70 
Triangulation of Results ................................................................................................................................ 70 
KVI-KPI Impact Analysis ................................................................................................................................ 72 

5.9 UC-CITIES-2 - Automated Logistics .......................................................................................................... 73 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 73 
Triangulation of Results ................................................................................................................................ 74 
KVI-KPI Impact Analysis ................................................................................................................................ 75 

5.10 UC-CITIES-3 - Security Coordination ...................................................................................................... 76 
Summary of KVI Survey Results: Collapsed Agreement (%) Analysis ............................................................ 76 
Triangulation of Results ................................................................................................................................ 77 
KVI-KPI Impact Analysis ................................................................................................................................ 78 

6 Collaborations with 6G Community and Standards ...................................................................................... 80 
7 Conclusion .................................................................................................................................................... 82 
8 Reference List ............................................................................................................................................... 85 
9 Annex A: Taxonomy and Key Definitions ...................................................................................................... 88 
10 Annex B: Risk Register .................................................................................................................................. 91 
11 Annex C: KPI and KVI Definitions and Evaluation Results ............................................................................. 93 

UC-FARM-1 - Water Saving ............................................................................................................................... 93 
Key Performance Indicators’ Identification and Definition ........................................................................... 93 
Key Value Indicators’ Identification and Definition ...................................................................................... 94 
Evaluation ..................................................................................................................................................... 95 

UC-FARM-2 - Smart Vineyards .......................................................................................................................... 99 
Key Performance Indicators’ Identification and Definition ........................................................................... 99 
Key Value Indicators’ Identification and Definition .................................................................................... 100 
Evaluation ................................................................................................................................................... 101 

UC-EDU-1 - XR Rural School ............................................................................................................................ 104 
Key Performance Indicators’ Identification and Definition ......................................................................... 104 
Key Value Indicators’ Identification and Definition .................................................................................... 104 
Evaluation ................................................................................................................................................... 106 

UC-EDU-2 - Classroom of Future .................................................................................................................... 108 
Key Performance Indicators’ Identification and Definition ......................................................................... 108 
Key Value Indicators’ Identification and Definition .................................................................................... 109 
Evaluation ................................................................................................................................................... 110 

UC-EDU-3 - XR Health Training ....................................................................................................................... 114 
Key Performance Indicators’ Identification and Definition ......................................................................... 114 
Key Value Indicators’ Identification and Definition .................................................................................... 114 
Evaluation ................................................................................................................................................... 116 

UC-HEALTH-1 - 3D Hydrogel Patches .............................................................................................................. 121 
Key Performance Indicators’ Identification and Definition ......................................................................... 121 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 6  

Key Value Indicators’ Identification and Definition .................................................................................... 122 
Evaluation ................................................................................................................................................... 123 

UC-HEALTH-2 - Elderly Monitoring ................................................................................................................. 126 
Key Performance Indicators’ Identification and Definition ......................................................................... 126 
Key Value Indicators’ Identification and Definition .................................................................................... 126 
Evaluation ................................................................................................................................................... 128 

UC-CITIES-1 - Connected and Sensing City...................................................................................................... 132 
Key Performance Indicators’ Identification and Definition ......................................................................... 132 
Key Value Indicators’ Identification and Definition .................................................................................... 133 
Evaluation ................................................................................................................................................... 135 

UC-CITIES-2 - Automated Logistics ................................................................................................................. 144 
Key Performance Indicators’ Identification and Definition ......................................................................... 144 
Key Value Indicators’ Identification and Definition .................................................................................... 144 
Evaluation ................................................................................................................................................... 146 

UC-CITIES-3 - Security Coordination ............................................................................................................... 148 
Key Performance Indicators’ Identification and Definition ......................................................................... 148 
Key Value Indicators’ Identification and Definition .................................................................................... 148 
Evaluation ................................................................................................................................................... 150 

 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 7  

List of Figures 
Figure 1: Methodology of defining validation and evaluation framework ........................................................... 28 
Figure 2: Phase 1: Conceptual Framework Development ..................................................................................... 29 
Figure 3: Value Layer ............................................................................................................................................ 30 
Figure 4: Expert and stakeholder-driven iterative refinement process ................................................................ 32 
Figure 5: Convergent Parallel Mixed-Method Design for KVI Analysis ................................................................. 34 
Figure 6: Three-Layer Value–Enabler–Performance Architecture of the 6G-PATH V&E Framework .................... 37 
Figure 7: 6G-PATH Risk Heat Map - Likelihood vs Severity Matrix ........................................................................ 43 
Figure 8 : KVI Results-UC-FARM-1-Survey-Collapsed Agreement Chart ............................................................... 48 
Figure 9: Triangulated Evidence Heat Map for KVIs - (UC-FARM-1) ..................................................................... 50 
Figure 10: KVI Results-UC-FARM-2-Survey-Collapsed Agreement Chart .............................................................. 52 
Figure 11: Triangulated Evidence Heat Map for KVIs - (UC-FARM-2) ................................................................... 53 
Figure 12: KVI Results-UC-EDU-1-Survey-Collapsed Agreement Chart ................................................................. 55 
Figure 13: Triangulated Evidence Heat Map for KVIs - (UC-EDU-1) ...................................................................... 56 
Figure 14: KVI Results-UC-EDU-2-Survey-Collapsed Agreement Chart ................................................................. 57 
Figure 15: Triangulated Evidence Heat Map for KVIs - (UC-EDU-2) ...................................................................... 59 
Figure 16: Results-UC-EDU-3-Survey-Collapsed Agreement Chart ....................................................................... 61 
Figure 17: Triangulated Evidence Heat Map for KVIs - (UC-EDU-3) ...................................................................... 63 
Figure 18: KVI Results-UC-HEALTH-1-Survey-Collapsed Agreement Chart ........................................................... 64 
Figure 19: Triangulated Evidence Heat Map for KVIs - (UC-HEALTH-1) ................................................................ 66 
Figure 20: KVI Results-UC-HEALTH-2-Survey-Collapsed Agreement Chart ........................................................... 67 
Figure 21: Triangulated Evidence Heat Map for KVIs - (UC-HEALTH-2) ................................................................ 69 
Figure 22: KVI Results-UC-CITIES-1-Survey-Collapsed Agreement Chart .............................................................. 70 
Figure 23: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-1) ................................................................... 72 
Figure 24: KVI Results-UC-CITIES-2-Survey-Collapsed Agreement Chart .............................................................. 74 
Figure 25: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-2) ................................................................... 75 
Figure 26: KVI Results-UC-CITIES-3-Survey-Collapsed Agreement Chart .............................................................. 76 
Figure 27: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-3) ................................................................... 78 

 
 
  



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 8  

List of Tables 
Table 1: Cross-Use-Case Value Patterns Identified Through Triangulated KVI Evidence ...................................... 13 
Table 2: Adherence to 6G-PATH GA Deliverable & Tasks Descriptions................................................................. 16 
Table 3: Summary of Key Published KPI/KVI Conceptual and Validation Frameworks ......................................... 22 
Table 4: Summary of Normative Frameworks Relevant to KPI/KVI Development ................................................ 24 
Table 5: Summary Table: Theoretical Foundations and Their Relevance to 6G-PATH .......................................... 26 
Table 6: Summary - Gaps in Literature vs. 6G-PATH Solutions ............................................................................. 27 
Table 7: Summary of Data Collection Methods Used in Phase 1 .......................................................................... 33 
Table 8: Cross-UC KPIs for 6G-PATH ..................................................................................................................... 38 
Table 9: Cross-UC KVIs for 6G-PATH ..................................................................................................................... 39 
Table 10: Guiding Principles of the 6G-PATH V&E Framework ............................................................................. 41 
Table 11: 6G-PATH Risk Assessment Summary - By category ............................................................................... 42 
Table 12: Critical Risks (Require Immediate Attention) ........................................................................................ 43 
Table 13: Mapping Phase-1 Lessons Learned to V&E Framework Refinements ................................................... 45 
Table 14: UC-FARM-1 Triangulation of results ..................................................................................................... 49 
Table 15: UC-FARM-1: KVI-KPI Impact Analysis .................................................................................................... 50 
Table 16: UC-FARM-2 Triangulation of results ..................................................................................................... 52 
Table 17: UC-FARM-2 KPIs' impact on KVIs .......................................................................................................... 53 
Table 18: UC-EDU-1 Triangulation of results ........................................................................................................ 55 
Table 19: UC-EDU-1 -KPIs' impact on KVIs ............................................................................................................ 56 
Table 20: UC-EDU-2 Triangulation of results ........................................................................................................ 58 
Table 21: UC-EDU-2-KPIs' impact on KVIs ............................................................................................................. 59 
Table 22: UC- EDU-3 Triangulation of results ....................................................................................................... 61 
Table 23: UC-EDU-3 KPIs' impact on KVIs ............................................................................................................. 63 
Table 24: UC-HEALTH-1 Triangulation of results .................................................................................................. 64 
Table 25: UC-HEALTH-1 KPIs' impact on KVIs ....................................................................................................... 66 
Table 26: UC-HEALTH-2 Triangulation of results .................................................................................................. 68 
Table 27: UC-HEALTH-2 KPIs' impact on KVIs ....................................................................................................... 69 
Table 28: UC-CITIES-1 Triangulation of results ..................................................................................................... 71 
Table 29: UC-CITIES-1 KPIs' impact on KVIs .......................................................................................................... 72 
Table 30: UC-CITIES-2 Triangulation of results ..................................................................................................... 74 
Table 31: UC-CITIES-2 - KPIs' impact on KVIs ........................................................................................................ 75 
Table 32: UC-CITIES-3 Triangulation of results ..................................................................................................... 77 
Table 33: UC-CITIES-3 KPIs' impact on KVIs .......................................................................................................... 78 
Table 34: Summary of Collaborations with 6G Community and Standards Bodies .............................................. 80 
Table 35: Cross-Use-Case and Cross-Vertical Value Synthesis (KV-KVI Perspective) ............................................ 82 
Table 36: Key Limitations and Lessons Learned from Phase-1 T&Ps .................................................................... 83 
Table 37: Phase-2 Refinement Strategy Informed by Phase-1 Lessons ................................................................ 84 
Table 38: summary of Cross-Use-Case Risks, Severity, and Mitigation Strategies ................................................ 91 
Table 39: UC-FARM-1 KPI identification and definition ........................................................................................ 93 
Table 40: UC-FARM-1 KVI identification and definition ........................................................................................ 94 
Table 41: UC-FARM-1 Interview’s results ............................................................................................................. 95 
Table 42: UC-FARM-1 Focus Group Discussions’ results ....................................................................................... 96 
Table 43: UC-FARM-1 Survey results .................................................................................................................... 98 
Table 44: UC-FARM-2 KPI identification and definition ........................................................................................ 99 
Table 45: UC-FARM-2 KVI identification and definition ...................................................................................... 100 
Table 46: UC-FARM-2 Interview’s results ........................................................................................................... 101 
Table 47: UC-FARM-2 Survey results .................................................................................................................. 102 
Table 48: UC-EDU-1 KPI identification and definition ......................................................................................... 104 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 9  

Table 49: UC-EDU-1 KVI identification and definition ........................................................................................ 104 
Table 50: UC-EDU-1 Interview’s results .............................................................................................................. 106 
Table 51: UC-EDU-1 Focus Group Discussions’ results ....................................................................................... 106 
Table 52: UC-EDU-1 Survey results ..................................................................................................................... 107 
Table 53: UC-EDU-2 KPI identification and definition ......................................................................................... 108 
Table 54: UC-EDU-2 KVI identification and definition ........................................................................................ 109 
Table 55: UC- EDU -2 Interview’s results ............................................................................................................ 110 
Table 56: UC- EDU -2 Focus Group Discussions' results ...................................................................................... 111 
Table 57: UC-EDU-2 Survey results ..................................................................................................................... 112 
Table 58: UC-EDU-3 KPI identification and definition ......................................................................................... 114 
Table 59: UC- EDU -3 KVI identification and definition ....................................................................................... 114 
Table 60: UC-EDU-3 Focus Group Discussions' results ....................................................................................... 116 
Table 61: Medical Scenario 1 (Inter-hospital transfer) evaluated with PGRS - NS staff trial............................... 117 
Table 62: UC-EDU-3: Medical Scenario 2 (Seizures) evaluated with PGRS ......................................................... 117 
Table 63: SUS - How you perceive the use of digital simulation + additional questions ..................................... 118 
Table 64: Medical Scenario 1 evaluated with PGRS ............................................................................................ 118 
Table 65: Medical Scenario 2 evaluated with PGRS ............................................................................................ 119 
Table 66: SUS - How you perceive the use of digital simulation + additional questions ..................................... 119 
Table 67: UC-HEALTH-1 KPI identification and definition ................................................................................... 121 
Table 68: UC- HEALTH-1 KVI identification and definition .................................................................................. 122 
Table 69: UC- HEALTH-1 Focus Group Discussions' results ................................................................................. 123 
Table 70: UC- HEALTH-1 Survey results .............................................................................................................. 124 
Table 71: UC- HEALTH-2 KPI identification and definition .................................................................................. 126 
Table 72: UC- HEALTH-2 KVI identification and definition .................................................................................. 126 
Table 73: UC- HEALTH-2 Interview’s results ....................................................................................................... 128 
Table 74: UC- HEALTH-2 Focus Group Discussions' results ................................................................................. 129 
Table 75: UC- HEALTH-2 Survey results .............................................................................................................. 129 
Table 76: UC-CITIES-1 KPI identification and definition ...................................................................................... 132 
Table 77: UC-CITIES-1 KVI identification and definition ...................................................................................... 133 
Table 78: UC-CITIES-1 Interview’s results ........................................................................................................... 135 
Table 79: UC-CITIES-1 Focus Group Discussions' results..................................................................................... 137 
Table 80: UC-CITIES-1 Survey results .................................................................................................................. 140 
Table 81: UC-CITIES-2 KPI identification and definition ...................................................................................... 144 
Table 82: UC-CITIES-2 KVI identification and definition ...................................................................................... 144 
Table 83: UC-CITIES-2 Interview’s results ........................................................................................................... 146 
Table 84: UC-CITIES-2 Survey results .................................................................................................................. 147 
Table 85: UC-CITIES-3 KPI identification and definition ...................................................................................... 148 
Table 86: UC-CITIES-3 KVI identification and definition ...................................................................................... 148 
Table 87: UC-CITIES-3 Interview’s results ........................................................................................................... 150 
Table 88: UC-CITIES-3 Focus Group Discussions' results..................................................................................... 151 
Table 89: UC-CITIES-3 Survey results .................................................................................................................. 152 

 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 10  

Glossary of Terms and Abbreviations used 
Abbreviation / Term Description 

3D Three Dimensional 

3GPP The Third Generation Partnership Project 

4G The Fourth Generation of Mobile Communications 

5G The Fifth Generation of Mobile Communications 

5G-PPP The 5G Infrastructure Public Private Partnership 

5G SA 5G StandAlone 

6G The Sixth Generation of Mobile Communications 

6G-IA The 6G Smart Networks and Services Industry Association 

AAV Autonomous Aerial Vehicle 

AI Artificial Intelligence 

AGV Automated Guided Vehicle 

API Application Programming Interface 

AR Augmented Reality 

B5G Beyond Fifth Generation 

CBA Cost-Benefit Analysis 

COPD Chronic Obstructive Pulmonary Disease 

CPU Central Processing Unit 

CQI Channel Quality indicator 

CRC Cyclic Redundancy Check 

CS Computer Science 

CSI Channel State Information  

CSI-RSRP Channel State Information - Reference Signal Received Power 

CSR Corporate Social Responsibility 

DL Download 

DOI, doi Digital Object identifier 

E2E End-to-End 

EC European Commission 

EHR Electronic Health Record 

EIA Environmental Impact Assessment 

ELCM Experiment Life Cycle Manager 

EMS Emergency Medical Services 

ESG Environmental, Social, and Governance 

ETSI European Telecommunications Standards Institute 

EU European Union 

EuCNC European Conference on Networks and Communications 

EV Electrical Vehicle 

FAIR Findable, Accessible, Interoperable, and Reusable 

FFMPEG, ffmpeg Fast Forward Moving Pictures Experts Group 

FGD Focus Group Discussion 

FHIR Fast Healthcare Interoperability Resources 

fps frames per second 

GA Grant Agreement 

GCS Ground Control Station 

GDPR General Data Protection Regulation 

GHG Green House Gas 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 11  

H2020 Horizon 2020 

HTTP, http HyperText Transfer Protocol 

HTTPS, https HyperText Transfer Protocol Secure 

ICMP Internet Control Message Protocol 

ICT Information and Communication Technologies 

IEEE Institute of Electrical and Electronic Engineers 

IETF Internet Engineering Task Force 

IMT International Mobile Telecommunications 

IoT Internet of Things 

ISO International organisation for Standardisation 

ITU-R IMT 
International Telecommunication Union – Radiocommunication Sector – 
International Mobile Telecommunications 

KPI Key Performance Indicator 

KQI Key Quality Indicator 

KV Key Value 

KVE Key Value Enabler 

KVI Key Value Indicator 

LCA Life Cycle Assessment 

LTE (4G LTE) Long Term Evolution 

M2M Machine to Machine 

MaaS Mobility as a Service 

MAPE Mean Absolute Percentage Error 

MAV Micro Air Vehicle 

MC Mission Critical 

ML Machine Learning 

mMTC massive Machine Type Communication 

MPEG Moving Pictures Experts Group 

MQTT Message Queuing Telemetry Transport 

MTR My Traceroute 

N/A Not Available 

NDTs Network Digital Twins 

NGT Nominal Group Technique 

NIC Network Interface Controller 

NR New Radio  

NR-5G New Radio for Fifth Generation 

NS Nursing Staff 

OPEX Operational Expenditure 

PAS Publicly Available Specification 

PGRS Post Graduate Researchers 

PPDR Public Protection and Disaster Relief  

PVT Public Value Theory 

QoE Quality of Experience 

QoL Quality of Life 

QoS Quality of Service 

R&D Research and Development 

RAN Radio Access Network 

RDI Research, Development and Innovation 

RRI Responsible Research and Innovation 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 12  

RSRP Reference Signal Received Power 

RSRQ Reference Signal Received Quality 

RSSI Received Signal Strength Indicator 

RTP Real-time Transport Protocol 

RTSP Real-Time Streaming Protocol 

RTT Round-Trip Time 

SDG Sustainable Development Goal 

SDS Short Data Services 

SERVQUAL Service Quality 

SINR Signal-to-Interference-plus-Noise Ratio 

SLA Service Level Agreement 

SNS JU Smart Networks and Services Joint Undertaking 

SNS JU TMV WG 
Smart Networks and Services Joint Undertaking – Technology, Market, and Value 
Working Group 

SNVC Societal Needs and Value Creation 

SROI Social Return on Investment 

SS RSRP Synchronization Signal Reference Signal Received Power 

SUS System Usability Scale 

T&P Trials and Pilots 

TAM Technology Acceptance Model 

TBL Triple Bottom Line 

TETRA TErrestrial TRunked RAdio  

TETRAPOL TErrestrial TRunked RAdio POLice 

TMV Test Measurement and Validation 

UAV Unmanned Aerial Vehicle 

UC Use Case 

UDP User Datagram Protocol 

UE User Equipment 

UI User Interface 

UL Upload 

UN United Nations 

URL Uniform Resource Locator 

URLLC Ultra-Reliable Low Latency Communication 

UTAUT Unified Theory of Acceptance and Use of Technology 

UX User Experience 

V&E Validation and Experimentation 

V2I Vehicle to Infrastructure 

V2X Vehicle to Everything 

VBIF Values-Based Innovation Framework 

VBIM Values-Based Innovation Management 

VR Virtual Reality 

VSD Value-Sensitive Design 

VSFA Video Spatial-Temporal Feature Aggregation 

WCNC Wireless Communications and Networking Conference 

WG Working Group 

WP Work Package 

WWW, www World Wide Web 

XR Extended Reality 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 13  

1 Executive Summary  

This deliverable presents the initial validation, evaluation, and impact assessment outcomes of the 6G-PATH 
project carried out under Work Package 6 (WP6) during the first phase of Trials and Pilots (T&P). It establishes 
and applies a structured, evidence-driven validation and evaluation framework (V&E Framework) that integrates 
technical performance validation (KPIs) with societal, business, environmental, and service-quality value 
assessment (KVIs) across all 6G-PATH use cases (UCs). The primary objective of WP6 is to ensure that 6G-PATH 
innovations are assessed not only in terms of technical feasibility but also in terms of real-world value, 
stakeholder relevance, and adoption readiness. Accordingly, this deliverable focuses on the design, 
operationalisation, and first-phase application of the 6G-PATH V&E Framework, addressing the initial objectives 
of framework definition, experimentation assessment, and early impact exploration. 

The proposed V&E framework builds upon established conceptual, theoretical, and normative foundations while 
explicitly addressing “key gaps” in existing approaches, most notably the limited integration of value-oriented 
and societal indicators alongside technical metrics. It introduces a multi-dimensional evaluation structure that 
links technical performance to economic, social, environmental, and user-centric outcomes, supported by 
quality, ethical, and governance principles. Risks and limitations are explicitly recognised, with mitigation 
measures incorporated to strengthen methodological robustness and transparency.  

The V&E framework has been successfully operationalised across all ten (10) 6G-PATH use cases, spanning the 
verticals of Smart Farming, Education, Health, and Smart Cities. The evaluation combines quantitative KPI 
measurements, collected through system logs, telemetry, traffic analysis, and edge/cloud monitoring, with KVI 
evidence gathered through a triangulated data collection approach, comprising surveys, Focus Group Discussions 
(FGDs), and interviews. This triangulation strengthens the validity and robustness of the KVI assessment by 
capturing multiple stakeholder perspectives and mitigating single-method bias. Building on this evidence base, 
an initial impact analysis was conducted by systematically examining and discussing associations and 
interpretative linkages between KPIs and KVIs, with the objective of understanding how technical performance 
translates into perceived real-world value. While the analysis remains exploratory and interpretative, reflecting 
the early stage of trials, it enables robust cross-use-case synthesis and identification of recurring value 
mechanisms, enabling conditions, and domain-specific constraints.  

Despite heterogeneity in domains and maturity levels, the cross-use-case analysis reveals clear and recurring 
value patterns. Table 1 below summarises the dominant cross-use-case value patterns observed across all four 
essential verticals of the 6G-PATH Ecosystem.  

Table 1: Cross-Use-Case Value Patterns Identified Through Triangulated KVI Evidence 

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 

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; perceptions are 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 
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Initial insights into societal, economic, environmental and service quality impacts indicate positive potential 
across the use cases, including improved resource efficiency, enhanced service delivery, increased safety and 
well-being, and reduced environmental footprint. However, given the early stage of trials, evolving system 
configurations, and limited sample sizes, these findings are considered exploratory and indicative. More 
comprehensive and statistically robust impact evidence will be developed through extended experimentation, 
broader stakeholder engagement, and modelling activities in subsequent T&P phases, and reported in the 
forthcoming deliverables D6.2 and D6.3. 

In parallel, all use cases conducted technical validation activities, with KPI measurements aligned to WP2 and 
WP3 specifications. These technical results, reported separately in D4.1, establish an initial performance 
baseline, confirming the operational feasibility of the implemented solutions and providing the empirical basis 
for the KPI-KVI linkage analysis presented in this deliverable.  

The first T&P phase placed strong emphasis on the operationalisation of KVI-based evaluation methodologies, a 
relatively novel dimension within the SNS JU context. Beyond identifying cross-use-case value patterns (cf. Table 
1), the application of the V&E Framework generated both methodological achievements and evidence-based 
learning outcomes that directly inform subsequent phases.  

 

Key achievements of Phase 1 T&P include: 

 Operationalisation of a unified KPI-KVI Validation and Evaluation Framework across ten heterogeneous 
use cases. 

 Transition of KVIs from conceptual constructs to empirically validated indicators through triangulated data 
collection (surveys, interviews, and FGDs). 

 Establishment of a harmonised cross-use-case KVI set with unique identifiers, enabling traceability and 
comparative analysis. 

 Introduction of a structured Value  Enabler Performance evaluation chain, strengthening the linkage 
between technical performance and value creation. 

 Generation of a cross-use-case and cross-vertical KVI evidence base within the SNS JU experimentation 
context. 

Nevertheless, the practical application of the V&E Framework during first phase T&Ps revealed several 
methodological, technical, and organisational limitations. The breadth and abstraction level of the initial KVI 
catalogue increased onboarding effort, complicated survey translation, and resulted in lengthy evaluation 
instruments. In addition, attempts to directly map all KVIs to KPIs were not always meaningful, as many value 
dimensions are realised through organisational, behavioural, and contextual mechanisms, rather than through 
measurable network performance alone. 

From a technical perspective, several pilots faced challenges related to integration complexity, shared compute 
resources, capture-side audio/video quality, and limitations in automated instrumentation, which at times 
dominated user experience and constrained KPI completeness. Methodologically, long questionnaires, complex 
KVI definitions, and limited stakeholder availability reduced response rates and statistical robustness, while 
qualitative data collection required substantial coordination and manual processing. Organisationally, 
interdisciplinary collaboration across technical, healthcare, educational, and industrial domains highlighted 
divergent methodological constraints, including feasible sample sizes, ethical approvals, and scheduling realities. 
Importantly, Phase 1 T&Ps confirmed that KVI interpretation varies significantly by stakeholder background and 
context, and that cross-vertical comparability cannot be assumed without standardised framing and contextual 
reporting. 

 

Key Lessons Learned from Phase 1 T&Ps  

 KVI measurement is inherently complex: many value outcomes are intangible, long-term, and lack 
established benchmarks. 
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 One-to-one KPI-KVI mapping is not always meaningful, as value often emerges through organisational and 
behavioural mechanisms. 

 Excessively broad KVI catalogues increase respondent burden and reduce data consistency. 

 Stakeholder interpretation of KVIs varies significantly across technical and non-technical groups. 

 Cross-vertical comparability must be designed into the evaluation framework from the outset, rather than 
relying on retrospective alignment of heterogeneous use-case data. 

 

Phase-2 T&Ps Refinement Strategy 

In response, Phase 2 T&Ps will prioritise consolidation, depth, and operational maturity, with the following 
actions: 

 Streamlining and prioritisation of KVIs, introducing a smaller core KVI set complemented by contextual 
indicators. 

 Standardised and shorter questionnaires, structured around a common core with sector-specific modules. 

 Stronger qualitative triangulation, systematically combining interviews and focus group discussions across 
all use cases. 

 Expanded and more diverse stakeholder engagement, increasing the number, relevance, and diversity of 
participants beyond early adopters and technical partners. 

 Enhanced technical evaluation, including expanded KPI coverage, refined measurement methodologies, 
improved instrumentation, and increased automation. 

 Improved tooling and capacity building, supported through tutorials, internal guidelines, and targeted 
workshops to ensure consistent and scalable data collection. 

Overall, this deliverable establishes a robust foundation for integrated validation, evaluation, and impact 
assessment in 6G-PATH. It confirms the relevance and feasibility of a common KPI-KVI V&E Framework, while 
clearly demonstrating the need for contextual adaptation and iterative refinement. The outcomes reported here 
set the direction for subsequent project T&Ps and support continued evidence-based evaluation towards D6.2 
and D6.3. 
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2 Introduction  

Deliverable D6.1, titled as “6G trials and pilots validation and evaluation - Initial”, is a core output of WP6 “6G 
trials and pilots’ validation and evaluation”. This deliverable provides a consolidated overview of the activities 
conducted during the first phase of the project, focusing on the design, implementation, and initial application 
of the 6G-PATH V&E framework across ten use cases [1]. The work directly contributes to Objective 1 of the 
Grant Agreement, which aims to establish the 6G-PATH experimentation infrastructure and progressively evolve 
it into advanced B5G/6G experimental platforms and pre-normative testbeds. 

This deliverable “reflects” the combined efforts of task T6.1 (“Validation and evaluation framework”), task T6.2 
(“Experimentations assessment and analysis”), and the initial preparatory steps of task T6.3 (“Societal and 
business impact assessment”). Together, these tasks define, deploy, and operationalise a multi-dimensional 
evaluation approach that integrates both technical Key Performance Indicators (KPIs) and non-technical Key 
Value Indicators (KVIs) to assess performance, societal value, economic contribution, environmental 
sustainability, and user experience across the project’s vertical pilots in project’s vertical pilots in Smart Farming, 
Education, Health, and Smart Cities.  

During this initial phase, considerable emphasis has been placed on defining the taxonomy of KVs, KVIs, KVEs, 
and KPIs, developing value-driven and performance-driven evaluation models, and aligning them with European 
research priorities, normative frameworks such as the Sustainable Development Goals1 (SDGs) and the EU Green 
Deal2, and methodological guidance from the SNS JU ecosystem3. Early experiments, expert consultations, survey 
activities, and stakeholder engagements have begun shaping the empirical basis for refining the framework 
ahead of the large-scale pilots planned for next Phase 2 T&Ps. 

Overall, this deliverable marks the first complete iteration of the 6G-PATH V&E framework, providing a robust 
methodological and operational foundation for Phase 2 large-scale T&Ps, deeper cross-vertical analysis, and 
continued alignment with European 6G research, policy, and standardisation priorities. It represents the first 
consolidated account of WP6 activities and establishes the core framework, procedures, and indicator systems 
that will be further expanded and finalised in Deliverables D6.2 and D6.3. 

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

Table 2: Adherence to 6G-PATH GA Deliverable & Tasks Descriptions 

6G-PATH GA 
Component 

Title 

6G-PATH GA Component Outline Respective 
Document 
Chapter(s) 

Justification 

DELIVERABLE 

D6.1 6G trials and pilots validation and evaluation - Initial 
Report on the activities performed in WP6 (initial version) 

TASKS    

T6.1 -Validation 
and evaluation 
framework 

“This task will develop the validation and 
evaluation framework for the 6G-PATH activities, 
which will include the 6G-PATH experimentation 
environment and the vertical experiments. A 
systematic approach will be designed to assess 
the validity and reliability of the 6G-PATH 
architecture, platform, technical components, 

Chapter 3-
Validation and 
Evaluation 
Framework 
 
Chapter 4- 
Implementation of 

Chapter 3 presents the complete 
task T6.1 framework, including 
framework architecture, KPI 
framework, KVI framework, and 
risks/limitations. 
 

                                                     
1  Also see: United Nations (UN): The 17 Goals. UN Department of Economic and Social Affairs. Available at: https://sdgs.un.org/goals  
2  European Commission: The European Green Deal - Striving to be the first climate-neutral continent. Available at: 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en  
3  For more details also see: https://smart-networks.europa.eu/  

https://sdgs.un.org/goals
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://smart-networks.europa.eu/
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testbeds, and trials and pilots’ experiments. It 
involves defining the criteria and standards for 
evaluating the effectiveness and impact of the 
experiments, and collecting and analysing data to 
assess how well they meet these criteria. […]. 
Main outcomes: validation and evaluation 
framework (reported in D6.1 and D6.2).” [cc] 

the Framework in 
6G-PATH Use Cases 

Chapter 4 presents the application 
of the V&E framework in Phase 1 
T&Ps, as required by task T6.1 to 
produce an initial operational 
version. 

T6.2 -
Experimentations 
assessment and 
analysis 

“This task involves evaluating the design, 
execution, and results of the 6G-PATH trials and 
pilot experiments to identify strengths, 
weaknesses, and areas for improvement. The 
experimentation assessment and analysis will: 
the validation and evaluation framework defined 
in task T6.1; consider the project research 
questions and the KVIs/KPIs defined in task T2.2; 
evaluate the experimental design by reviewing 
the design of the experiments; analyse the data 
through statistical analysis to determine whether 
the results are significant and whether the 
findings are generalizable to the broader 
scenarios; identify and evaluate the strengths and 
weaknesses of the experiment, including 
potential sources of bias, limitations in the design 
or execution, and potential areas for 
improvement; draw conclusions based on the 
analysis, draw conclusions about the 
effectiveness of the experiments, and make 
recommendations for future research. [….]. 
Main outcomes: validation and evaluation of all 
6G-PATH project activities (reported in D6.1 and 
D6.3)” [cc] 

Chapter 4 - 
Implementation of 
the Framework in 
6G-PATH Use Cases 
 

Chapter 6 - 
Conclusion (Cross-
Use Case Analysis) 

 

Chapter 4 includes KVI 
measurement results in 
triangulation approach, KPI-KVI 
relationships which directly fulfilling 
the assessment obligations of task 
T6.2. 
Chapter 6 summarises cross-use-
case findings, strengths/weaknesses 
of Phase 1 experiments, and 
recommendations, aligning with task 
T6.2 requirements for refinement 
and feedback into WP2/WP3/WP4. 

 

T6.3 - Societal 
and business 
impact 
assessment 

“This task involves analysing the potential impact 
of the 6G-PATH project. This assessment 
considers a range of factors, such as 
environmental, economic, social, and cultural 
impacts that the project has on different 
stakeholders. The aim is to provide a 
comprehensive evaluation of the project 
consequences to help decision-makers make 
informed choices and identify potential areas of 
risk or opportunity. The assessment involves data 
collection, analysis, and modelling, as well as 
consultation with stakeholders and experts in 
various fields. 
Main outcomes: 6G-PATH project impact with 
focus on 6G technologies, societal and business 
impact.” [cc] 

Chapter 4 -
Implementation of 
the Framework in 
Use Cases (KVI 
evaluation sections) 
 
Chapter 6 - 
Conclusion (Societal 
& Business Impact 
Assessment) 

Chapter 4 contains the KVI-KPI 
interrelationship and impact analysis 
for each use case, fully adhering to 
task T6.3 specifications for early 
societal/business impact 
assessment. 
 
Chapter 6 consolidates these 
findings across verticals, providing 
the first aggregated view of 
environmental, economic, social, 
cultural, and user-centric impacts. 

2.2 Deliverable Overview and Report Structure  
This deliverable is organised into several distinct chapters, each one addressing a “key component” of the 
validation, evaluation, and impact assessment activities conducted under WP6 during the first phase of the 6G-
PATH project. 

Chapter 1 provides the overall context, objectives, and scope of D6.1 and explains the role of WP6 within the 6G-
PATH project. It introduces “how validation, evaluation, and impact assessment activities are structured” and 
includes a mapping of Grant Agreement tasks to the document content, clarifying how tasks T6.1, T6.2, and T6.3 
are “addressed” in this deliverable. 
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Chapter 2 presents the state-of-the-art and conceptual grounding for KPI and KVI validation and evaluation in 
6G-PATH. It reviews relevant conceptual, theoretical, and normative frameworks, including policy and standards 
perspectives, and identifies “key gaps” that the 6G-PATH V&E framework aims to “address”. 

Chapter 3 details the 6G-PATH V&E framework including the methodology, overall framework architecture, KPI 
and KVI frameworks, quality, ethical, and governance principles, and associated risks, limitations, and mitigation 
measures. The chapter ends with the proposed refinements of the V&E framework based on phase 1 T&Ps. This 
chapter defines the operational structure that underpins the validation and evaluation activities across all use 
cases. 

Chapter 4 describes the implementation of the V&E framework across all ten 6G-PATH use cases, covering the 
four essential verticals of the 6G-PATH project, and presents cross-UC KPIs and KVIs, triangulated KVI results from 
surveys, FGDs, and interviews, as well as KPI-KVI relationship analysis, thereby fulfilling the core assessment 
objectives of tasks T6.1 and T6.2. 

Chapter 5 summarises 6G-PATH’s collaboration with the broader 6G research and standardisation community, 
highlighting engagement with standards bodies, joint discussions with peer projects, shared methodologies, and 
contributions to publications, workshops, and community activities. 

Chapter 6 concludes the report by synthesising cross-use-case insights, assessing societal, business, 
environmental, and user-centric impacts, evaluating the effectiveness of the proposed framework, and outlining 
lessons learned and planned refinements for Phase 2 T&Ps, providing feedback on subsequent project activities. 

Overall, this deliverable provides the initial comprehensive account of WP6 activities, establishing the 
foundations for continued validation, evaluation, and impact assessment throughout the project and setting the 
direction for the following stages leading to deliverables D6.2 and D6.3. 
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3 State-of-the-Art and Conceptual Foundations  

3.1 Conceptual Frameworks for KPI-KVI Validation and Evaluation 
This section reviews recent work on conceptual V&E frameworks for Key Performance Indicators (KPIs) and Key 
Value Indicators (KVIs) across 5G, B5G, and emerging 6G systems. It highlights how the literature is moving from 
purely performance-centric KPI models towards integrated, values-driven frameworks that explicitly account for 
social, environmental and economic outcomes alongside technical metrics. 

Key Value oriented conceptual frameworks 
Published work on conceptual frameworks for incorporating societal values into technology development has 
evolved through several influential approaches, each emphasising the systematic integration of stakeholder 
values into innovation processes. These theoretical foundations, including Value-Sensitive Design4 (VSD), 
Responsible Research and Innovation5 (RRI), and Values-Based Innovation Management6 (VBIM) [6], provide the 
intellectual basis for contemporary KVI frameworks in next-generation ICT contexts. 

Value-sensitive design (VSD), introduced by Friedman & Hendry in mod 1990s, provides an iterative methodology 
that integrates empirical, conceptual, and technical inquiries to ensure that stakeholder values are systematically 
identified and incorporated during technological design [17]. Through methods such as co-design and 
envisioning, VSD enables collaborative exploration of “how technologies shape and reflect stakeholder needs 
and contextual value considerations” [17]. Complementing this, the RRI framework “addresses” societal and 
ethical concerns in science and technology by emphasising anticipation, reflexivity, inclusion, deliberation, and 
responsiveness as core principles for responsible innovation practice [25, 33]. Although influential, RRI literature 
highlights persistent challenges in operationalising these principles in real-world settings, underscoring the need 
for domain-specific methods to “bridge” policy and implementation gaps [33]. A third perspective, the VBIM 
framework, developed by Breuer and colleagues, positions values as “drivers” of collaborative innovation and 
strategic decision-making, offering practical tools such as scenario planning, business modelling, and values-
driven open innovation funnels7 to guide technology development in alignment with societal priorities [5]. 
Together, these frameworks form a foundational theoretical basis for contemporary KVI-oriented conceptual 
models tailored specifically to next-generation networks. 

A “key example” of such domain-specific advancement is the KVI-oriented framework proposed by Wikström et 
al. in 2024 [52]. Their five-step KVI process starts from use-case and context definition, elicits underlying societal 
and stakeholder values, formulates measurable KVIs, and then supports selection and evaluation through 
iterative refinement. Crucially, the framework combines bottom-up identification of values (from specific vertical 

                                                     
4  Value-Sensitive Design (VSD) is a theory and method for proactively integrating human values (like privacy, fairness, trust, autonomy) 

into technology design, ensuring systems support human flourishing by considering diverse stakeholders and addressing ethical  
considerations throughout development, not just as an afterthought. VSD uses conceptual, empirical, and technical investigations to 
build technologies that align with important ethical, moral, and social values, as seen in applications from AI to medical devices. 

5  Responsible Research and Innovation (RRI) is a framework aligning science and innovation with societal needs and values, promoting 
ethical, inclusive, and sustainable practices by engaging stakeholders, anticipating impacts, and ensuring transparency, moving 
beyond basic compliance to foster socially desirable outcomes and address potential dilemmas proactively. It involves key elements 
like open science, gender equality, ethical governance, public engagement, and science education, creating a shared responsibility 
among researchers, funders, policymakers, and the public for a positive future impact. Also see, among others: 
https://en.wikipedia.org/wiki/Responsible_Research_and_Innovation  

6  Values-Based Innovation Management (VBIM) is a strategic approach that integrates core individual, organizational, and societal 
values into the innovation process, using them as drivers to create meaningful, sustainable, and ethically sound innovations,  moving 
beyond pure profit to address societal challenges and foster stakeholder engagement. It provides a framework for aligning innovation 
with purpose, using values as guiding principles for decisions, processes, and outcomes, enhancing both business success and positive 
impact.    

7  An open innovation funnel is a systematic method for sourcing, evaluating, and executing external ideas and technologies. It gives 
structure to what can otherwise be an overwhelming and unmanageable process. Also see, among others: 
https://www.qmarkets.net/resources/article/open-innovation-funnel/  

https://en.wikipedia.org/wiki/Responsible_Research_and_Innovation
https://www.qmarkets.net/resources/article/open-innovation-funnel/
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scenarios) with top-down prioritisation aligned with strategic goals such as the UN SDGs and national/EU policy 
objectives. It also explicitly argues for embedding KVIs in standardisation, spectrum and regulatory discussions, 
so that “value” is treated as a first-class design constraint, not an afterthought [52]. Building on this line of work, 
reference [41] extends the KVI discussion to techno-economic and business-model dimensions. Their WCNC 
paper analyses how KVIs related to sustainability, digital inclusion and trustworthiness interact with business 
models, funding schemes and regulatory instruments, with a particular focus on large-scale trial projects. They 
argue that traditional techno-economic assessment often reveals high socio-economic benefits but weak 
commercial viability and propose KVI-driven approaches as a way to justify public support, alternative funding 
or hybrid business models for high-value but non-commercial use cases. At the architecture level, the Hexa-X 
“6G E2E Architecture Framework with Sustainability and Security Considerations” [21] integrates KVIs directly 
into the end-to-end (E2E) design [27]. It emphasises that any 6G architecture must simultaneously satisfy use-
case specific KPIs and KVIs, with sustainability and security treated as cross-cutting requirements.  

Together, these contributions “position” KVIs as a structured layer that sits “above” traditional QoS/QoE 
indicators, translating societal expectations into measurable, project and policy-relevant metrics. However, most 
of this work is still conceptual: empirical, large-scale validation of KVI frameworks in operational networks or 
multi-vertical pilots remains comparatively limited. 

Key Performance Indicator centric validation and evaluation frameworks 
In parallel with the development of KVI concepts, a large body of work has refined KPI-based V&E frameworks 
for 4G/5G and B5G. Early studies focus on benchmarking against IMT-2020 requirements and on operational KPI 
analysis in commercial deployments, e.g., KPI-based comparisons of 4G and NR-5G networks and evaluations of 
New Radio performance against IMT-2020 targets [13, 18, 45]. These works establish a baseline set of “hard” 
performance metrics, such as throughput, latency, reliability, area traffic capacity, mobility, and spectral 
efficiency, which subsequent 5G/6G frameworks inherit. 

More recent contributions propose structured methods for prioritising and weighting KPIs. Reference [14] apply 
entropy-based weighting8 to evaluate 5G KPIs (spectrum efficiency, area traffic capacity, peak data rate) for 
deployment decisions over existing 4G LTE infrastructure. By quantifying the information content and variability 
of each KPI, they derive objective weights that reduce subjective bias in planning and optimisation. Similarly, 
ECO6G [47] combines energy consumption and operational expense (OpEx) metrics with slicing-related KPIs to 
create an integrated energy-and-cost evaluation framework for B5G slicing deployments, illustrating how KPI-
based models can directly support sustainable and cost-aware design decisions. 

Machine-learning-based KPI/KQI modelling frameworks further extend these approaches. The study reference 
[20] proposes a methodology to derive Key Quality Indicators (KQIs) that are closer to user experience from low-
layer KPIs and configuration parameters, using regression models trained on real network data. This allows 
operators to infer, for example, video QoE or web-browsing delay from radio-layer measurements without 
invasive application-level monitoring. Subsequent work on multivariate time-series modelling, AI-enabled 
performance evaluation, and ML-based KPI maximisation (e.g. using mobility and handover parameters as 
features) explores online learning, fine-granularity performance estimation, and closed-loop configuration 
optimisation for 5G/6G networks. These frameworks provide the algorithmic building blocks for autonomous or 
“zero-touch” performance management9. 

A “key” observation across this KPI-oriented literature is that validation is increasingly seen as a continuous, data-
driven process embedded in operations rather than a one-off conformance exercise. This marks a significant 
conceptual shift that KVI work can leverage. 

                                                     
8  Entropy weight coefficients provide a method to determine the importance or weight of various KPIs based on the amount of variation 

in their data. The entropy method helps assign weights by analyzing the degree of dispersion or uncertainty in the KPI values. 
9  For further reading also see, for example: Liyanage, M., Pham, Q.-V., Dev., K., et al.:  A survey on Zero touch network and Service 

Management (ZSM) for 5G and beyond networks. Journal of Network and Computer Applications 203, 103362,  
https://doi.org/10.1016/j.jnca.2022.103362  

https://doi.org/10.1016/j.jnca.2022.103362
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Integrated KVI-KPI orchestration frameworks 
A smaller but growing set of studies explicitly tackles the joint optimisation of KVIs and KPIs. The study reference 
[9] proposes an orchestration strategy for beyond-5G intent-based networks that uses Network Digital Twins 
(NDTs) to optimise service placement and resource allocation with respect to both SLA (Service Level 
Agreements) level KPIs and higher-level KVIs. Their results show up to 22% reduction in SLA violations for 
complex, multi-domain services when KVI-aware orchestration is used, demonstrating that value-driven 
objectives can be operationalised within automated management loops. In parallel, Hexa-X’s E2E architecture 
explicitly couples KPIs and KVIs as joint design targets, arguing that 6G evaluation must balance “performance 
envelopes” with broader sustainability and societal objectives [27]. The study reference [41] similarly frames 
KVIs as a lens for assessing trade-offs between technical excellence and public value in 6G trials and business 
models, effectively bridging the conceptual KVI framework of Wikström et al. [52] with the practice of techno-
economic evaluation.  

These integrated approaches are still emergent: most architectures or orchestration systems remain KPI-centric, 
with KVIs attached as external reporting or policy tools. Nonetheless, they illustrate a direction of travel in which 
network automation stacks become “value-aware” and can explicitly target sustainability, inclusion, or trust as 
part of their optimisation objectives. 

Synthesis and gaps 
Overall, the literature shows a clear evolution: 

 From KPI-only to KPI plus KVI thinking. Early 5G work largely treats KPIs as sufficient for evaluation, 
whereas recent 6G-oriented frameworks introduce KVIs to embed societal, environmental, and economic 
values in a structured, measurable form [52]. 

 From static conformance to continuous, data-driven validation. Real-time measurement, publish-
subscribe monitoring, and Machine Learning (ML)- based KPI/KQI modelling turn validation into a 
continuous, operational process that supports closed-loop optimisation and intent-based management 
[30, 40]. 

 From single-domain analysis to cross-domain orchestration. Intent-based networking and digital-twin-
assisted orchestration extend KPI/KVI evaluation to complex, cross-domain services, including network 
slicing and multi-site trials [9]. 

However, several gaps remain. First, KVI frameworks are conceptually rich but empirically under-validated. There 
are still a few published examples where KVIs are quantitatively measured across full 5G/6G deployments and 
systematically linked to policy or investment decisions. Second, most KVI/KPI integration work is “network-
internal”; explicit coupling to external socio-economic indicators (e.g. SDG targets, public value metrics, SROI10) 
is recognised as important but not yet mainstreamed. Third, validation approaches are often evaluated on single-
operator or single-vertical settings; cross-vertical, multi-stakeholder validation methodologies that reflect the 
diversity of 6G use cases (smart farming, health, education, smart cities, etc.) are still emerging. 

These gaps motivate the development of more holistic, multi-dimensional frameworks that can: (i) jointly model 
KVIs and KPIs; (ii) exploit automation, ML and experimental platforms for continuous validation, and; (iii) connect 
network-level evidence to higher-level societal and economic outcomes. Such a direction aligns with the KVI 
literature and provides a foundation for integrated V&E frameworks in large-scale 5G/B5G/6G projects. Table 3 
summarises key published conceptual and validation frameworks related to KPI and KVI assessment, providing a 
reference baseline for positioning the 6G-PATH evaluation approach. 

                                                     
10  Social return on investment (SROI) is a principles-based method for measuring extra-financial value (such as environmental or social 

value) not otherwise reflected or involved in conventional financial accounts. The method can be used by any entity to evaluate impact 
on stakeholders, identify ways to improve performance, and enhance the performance of investments. For further reading see, among 
others: https://en.wikipedia.org/wiki/Social_return_on_investment  

https://en.wikipedia.org/wiki/Social_return_on_investment
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Table 3: Summary of Key Published KPI/KVI Conceptual and Validation Frameworks 

Framework / Approach Focus Area Key Contributions Identified Limitations / 
Gaps 

KVI 5-Step Framework [52] Values-driven 6G ICT 
design 

Bottom-up value extraction; top-
down alignment with SDGs; 
structured KVI formulation 

Mostly conceptual; limited 
empirical validation; no cross-
vertical evidence 

KVI- Business Model 
Alignment [41] 

Societal value, 
sustainability, business 
models 

Highlights KVIs for public value, 
digital inclusion, and sustainability; 
links KVIs with non-commercial use-
case viability 

Does not provide detailed 
measurement protocols or 
empirical datasets 

6G E2E Architecture with 
Sustainability & Security 
(Hexa-X) [21] 

Architectural integration 
of KVIs & KPIs 

Embeds environmental, security, and 
societal KVIs in 6G architecture 
requirements 

High-level principles; lacks 
detailed indicator 
operationalisation 

Entropy-Based KPI Weighting 
[14] 

KPI prioritisation using 
data-driven weighting 

Objective selection of critical KPIs 
(e.g., spectral efficiency, traffic 
capacity) 

KPI-focused; no link to KVIs or 
societal outcomes 

ML-Based KPI/KQI 
Frameworks [20] 

KPIKQI modelling, 
real-time performance 
estimation 

Predicts QoE from network 
measurements; supports 
autonomous optimisation 

Focus on performance; no 
integration of societal or 
normative indicators 

Intent-Based Networking 
plus Digital Twins 

Joint optimisation of 
KPIs & service outcomes 

Reduces SLA violations; supports 
cross-domain orchestration 

KVIs acknowledged but not 
systematically integrated or 
measured 

3.2 Normative and Policy Frameworks Guiding KPI/KVI Development 
Normative frameworks provide the overarching societal, ethical, environmental, and economic principles that 
guide the development, selection, and evaluation of KVIs and KPIs in next-generation communication networks. 
While KPI frameworks have historically centred on technical performance (e.g., throughput, latency, reliability), 
KVI-oriented research emphasises what networks should achieve for society, thus requiring alignment with global 
and regional normative agendas. The literature highlights several major frameworks, including UN Sustainable 
Development Goals (SDGs), the European Green Deal [16], the EU Digital Decade11, and Corporate Social 
Responsibility12 (CSR) principles that explicitly “shape” how KVIs are conceptualised and justified in 5G, B5G, and 
6G research. 

United Nations Sustainable Development Goals (UN SDGs) 
The SDGs13 constitute the most widely referenced normative framework for KVI development. Recent ICT- and 
6G-focused literature [41, 52] explicitly links KVIs to SDGs that “address” sustainability, digital inclusion, gender 
equality, climate action, resilience, education, and responsible consumption [49]. The SDGs serve two key roles: 

 Value Elicitation Layer: Studies propose using SDG targets (e.g., SDG 4 on Quality Education, SDG 9 on 
Industry & Innovation, SDG 11 on Sustainable Cities, SDG 13 on Climate Action) as “anchors” for 
identifying societal values embedded in emerging network deployments. These values translate into 
measurable KVIs such as energy efficiency, accessibility, trustworthiness, affordability, e-learning 
inclusivity, elderly care effectiveness, and environmental footprint. 

                                                     
11  European Commission: Europe's Digital Decade. Available at: https://digital-strategy.ec.europa.eu/en/policies/europes-digital-

decade  
12  Corporate Social Responsibility (CSR) is a business model where companies self-regulate to ensure their operations positively impact 

society and the environment, going beyond legal duties to balance economic, social, and environmental goals (the Triple Bottom Line), 
fostering ethical practices, sustainability, philanthropy, and community engagement for better reputation and stakeholder trust. Also 
see, among others: https://www.investopedia.com/terms/c/corp-social-responsibility.asp  

13  For further details see: https://sdgs.un.org/goals  

https://digital-strategy.ec.europa.eu/en/policies/europes-digital-decade
https://digital-strategy.ec.europa.eu/en/policies/europes-digital-decade
https://www.investopedia.com/terms/c/corp-social-responsibility.asp
https://sdgs.un.org/goals
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 Policy Alignment and Justification: Research underscores that SDG-linked KVIs strengthen the legitimacy 
of publicly funded 6G programs, particularly when technical innovations produce non-commercial but 
high societal benefits (e.g., rural connectivity, public-health applications). 

As a result, the SDGs serve as a “normative compass”, guiding KVI frameworks toward sustainability, equity, and 
public value creation. 

European Green Deal 
The European Green Deal14 has become a central normative reference for 6G-related sustainability KPIs and KVIs. 
It introduces legally binding targets for carbon neutrality by 2050, as well as circular-economy principles, climate 
resilience, and resource efficiency, all of which directly influence network evaluation frameworks. Recent 
publications and EU projects argue that Green Deal principles should guide the development of environmental 
KVIs, such as: 

 Energy consumption per service/bit 

 Carbon footprint of network operations and infrastructure 

 Environmental impact of hardware lifecycle 

 Resource efficiency and e-waste reduction 

 Renewable energy integration in networks 

Hexa-X15, REINDEER16, SNS JU white papers17, and 6G-IA position papers18 highlight that sustainability must be 
embedded as a first-order design objective rather than a secondary optimisation criterion. This marks a “shift” 
from “green KPIs” to normatively grounded environmental KVIs, reflecting societal expectations around climate 
responsibility and zero emissions. 

EU Digital Decade Policy Programme 2030 
The EU Digital Decade framework19 provides measurable targets for digital skills, secure and high-performance 
networks, digital transformation of public services, and sustainable digital infrastructures. These targets are 
increasingly cited in KVI literature as normative standards for evaluating the societal value of next-generation 
networks. From a KVI perspective, the EU Digital Decade introduces normative priorities related to: 

 Universal gigabit connectivity & 5G/6G coverage 

 Cybersecurity, trust, and resiliency 

 Digital inclusion (bridging urban-rural divides) 

 Digitised public services and e-health/e-education 

 Digital rights and ethical AI 

Research emphasises that these priorities inform normative KVIs such as accessibility, inclusion, resilience, 
ethical transparency, user empowerment, and public-service enhancement. 6G programmes increasingly adopt 
Digital Decade metrics as “policy-aligned KVIs”, ensuring that V&E frameworks reflect EU-wide societal 
expectations and not just technical excellence. 

                                                     
14  See: https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en  
15  Hexa-X (A flagship for B5G/6G vision and intelligent fabric of technology enablers connecting human, physical, and digital worlds) 

H2020/5G-PPP project, Grant Agreement No.101015956, https://hexa-x.eu/about/  
16  REINDEER (REsilient INteractive applications through hyper Diversity in Energy Efficient RadioWeaves technology) H2020/5G-PPP 

project, Grant Agreement No.101013425, https://reindeer-project.eu/  
17  See: https://smart-networks.europa.eu/sns-publications/  
18  See: https://6g-ia.eu/plans-papers/  
19  See: https://digital-strategy.ec.europa.eu/en/policies/europes-digital-decade  

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://hexa-x.eu/about/
https://reindeer-project.eu/
https://smart-networks.europa.eu/sns-publications/
https://6g-ia.eu/plans-papers/
https://digital-strategy.ec.europa.eu/en/policies/europes-digital-decade
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Corporate Social Responsibility (CSR) Frameworks and ESG Models 
Beyond policy-driven frameworks, CSR and Environmental-Social-Governance20 (ESG) models provide an 
additional normative foundation for KVI development, particularly relevant to operators, vendors, and industry 
stakeholders. CSR literature emphasises long-term value creation across: 

 Environmental Pillars: resource use, emissions, green operations 

 Social Pillars: labour practices, accessibility, digital equity, public welfare 

 Governance Pillars: transparency, trust, accountability 

Emerging 5G/6G literature incorporates CSR/ESG into KVI frameworks in three ways: 

 As criteria for network deployment decisions (e.g., evaluating whether new infrastructure promotes 
social inclusion or disproportionately affects vulnerable communities). 

 As corporate reporting metrics require telecommunications operators to demonstrate public value 
beyond financial profitability. 

 As a basis for socially responsible innovation aligned with European values such as privacy, fundamental 
rights, and ethical AI. 

Therefore, a clear trend emerging from the literature is that KPI/KVI frameworks for 6G are shifting from 
technology-driven to normatively anchored, ensuring that network innovation aligns with societal expectations, 
regulatory principles, sustainability mandates, and long-term public value. These normative frameworks 
collectively reinforce the argument that KVIs should become mandatory evaluation criteria for all future 6G 
architectures, testbeds, and vertical deployments, positioning the network as an enabler of societal progress 
rather than purely a technical system. Table 4 presents an overview of key normative and standards-based 
frameworks relevant to the development of KPIs and KVIs. 

Table 4: Summary of Normative Frameworks Relevant to KPI/KVI Development 

Normative 
Framework 

Primary Focus Areas How the Framework Informs KVI 
Development 

Identified Gaps in Current 
Literature 
 

UN Sustainable 
Development Goals 
(SDGs) 

Sustainability, inclusion, 
education, health, climate 
action, inequality 
reduction 

Provides global value drivers (e.g., 
digital inclusion, accessibility, climate 
impact) used to derive societal, 
environmental and economic KVIs; 
anchors value-based ICT design. 

Limited operationalisation into 
measurable KVIs; few empirical 
studies linking SDGs to network 
performance evaluation [30]. 

European Green Deal Carbon neutrality, energy 
efficiency, resource 
optimisation, circular 
economy 

Guides environmental KVIs (energy 
footprint, CO2 emissions, lifecycle 
sustainability, resource use efficiency) 
for 6G systems; embeds green-by-
design principles. 

Environmental metrics are not 
consistently included in telecom 
evaluation frameworks; limited 
measurement methodologies. 

EU Digital Decade 
(2030) 

Digital inclusion, universal 
connectivity, 
cybersecurity, digital 
public services, digital 
rights 

Supports KVIs on accessibility, trust, 
resilience, digital empowerment, and 
public service enhancement; aligns 
societal outcomes with EU digital 
transition targets. 

Gaps in translating Digital Decade 
targets into quantifiable KVIs and 
mapping them to KPIs/KVEs. 

Corporate Social 
Responsibility (CSR) & 
ESG Models 

Ethics, governance, 
community benefit, 
fairness, user well-being, 
transparency 

Adds ethical, social and governance 
KVIs (trustworthiness, fairness, data 
ethics, accountability) relevant for 
user-centric 6G networks and 
responsible innovation. 

Underutilised in telecom 
evaluation; limited integration 
with network metrics or technical 
enablers. 

                                                     
20  Environmental, Social, and Governance (ESG) is a framework assessing a company's non-financial impact on the planet and people, 

and the quality of its leadership, used by investors and stakeholders to gauge long-term sustainability, risk, and ethical performance 
beyond traditional financial reports. It covers areas like carbon footprint (E), labor practices (S), and board diversity (G), helping 
demonstrate responsible operation and build trust. For further reading also see, for example: 
https://en.wikipedia.org/wiki/Environmental,_social,_and_governance  

https://en.wikipedia.org/wiki/Environmental,_social,_and_governance
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European Regulatory & 
Policy Frameworks (EU 
Charter21, GDPR22, AI 
Act23) 

Data protection, privacy, 
safety, fundamental 
rights 

Defines governance and trust-related 
KVIs (ethical AI, secure-by-design 
principles, privacy-by-design 
compliance). 

Rarely connected to performance 
metrics; lack of tools bridging 
regulatory obligations with 
technical indicators. 

Green ICT & 
Sustainable Telecom 
Guidelines (ETSI, ITU-T) 

Energy efficiency, 
sustainable network 
operation, green KPIs 

Supports environmentally grounded 
KPIs/KVIs (power consumption, 
efficiency ratios, renewable energy 
integration). 

Focus remains KPI-centric; limited 
KVI integration; not routinely 
applied to cross-vertical 6G 
testbeds. 

3.3 Theoretical Foundations Underpinning the 6G-PATH Framework 
The 6G-PATH V&E framework draws on well-established theories from sustainability science, service quality 
research, socio-technical systems, and value-driven innovation. These models provide the foundation for 
defining KVs, structuring KV Domains and Families, and developing KVIs that reflect societal, environmental, 
economic, and user-experience impacts. Sustainability theories such as the Triple Bottom Line24 (TBL) and Life 
Cycle Assessment25 (LCA) inform the environmental, social, and economic dimensions. In contrast, SERVQUAL26 
and QoE theory27 underpin the user experience dimension. Public Value Theory28 and Responsible Research and 
Innovation (RRI) further support the framework’s emphasis on ethical, human-centric, and socially aligned ICT 
development. Together, these theories ensure that 6G-PATH adopts a rigorous and policy-aligned approach to 
value assessment. Table 5 summarises the key theoretical foundations underpinning the 6G-PATH evaluation 
approach and explains their relevance in informing KPI–KVI design, impact assessment, and value interpretation 
across the project’s use cases.  

                                                     
21  European Communities: Charter of Fundamental Rights of the European Union. Official Journal (OJ C364, pp.1-22. Available at: 

https://www.europarl.europa.eu/charter/pdf/text_en.pdf  
22  European Parliament and European Council (2016): Regulation (EU) 2016/679 of the European Parliament and of the Council of 27  

April 2016 on the protection of natural persons with regard to the processing of personal data and on the free movement of such da-
ta, and repealing Directive 95/46/EC (General Data Protection Regulation). Official Journal (OJ) L 119 of 04.05.2026, pp.1-88. Available 
at: https://eur-lex.europa.eu/eli/reg/2016/679/oj  

23  Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 laying down harmonised rules on artif icial 
intelligence and amending Regulations (EC) No 300/2008, (EU) No 167/2013, (EU) No 168/2013, (EU) 2018/858, (EU) 2018/1139 and 
(EU) 2019/2144 and Directives 2014/90/EU, (EU) 2016/797 and (EU) 2020/1828 (Artificial Intelligence Act). Official Journal (OJ) L of 
12.07.2024, pp.1-114, https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401689  

24  The Triple Bottom Line (TBL) is a sustainability framework that revolves around the three P's: people, planet and profit. By maximizing 
all three bottom lines, organizations are more likely to have a positive impact on the world while still improving financial performance. 
Also see, among others: https://en.wikipedia.org/wiki/Triple_bottom_line  

25  A Life Cycle Assessment (LCA) is a comprehensive, science-based method (following ISO 14040/44 standards) that evaluates the 
environmental impacts of a product, service, or process from "cradle to grave"—raw material extraction, manufacturing, distribution, 
use, and end-of-life (disposal/recycling). It quantifies resource use (energy, water) and emissions (GHG, pollution) to provide a holistic 
view, helping businesses and policymakers design more sustainable solutions and avoid trading one environmental problem for 
another. Also see, among others: https://green-forum.ec.europa.eu/green-business/environmental-footprint-methods/life-cycle-
assessment-ef-methods_en    

26  SERVQUAL (Service Quality) is a survey tool used to measure how customers judge the quality of a service. It does this by comparing 
what customers expect a service to be like with how they think the service actually performed. The tool was developed in the United 
States in the mid-1980s. SERVQUAL measures service quality across five areas: reliability, assurance, tangibles, empathy, and 
responsiveness. It has been widely used in research and by organizations in fields such as healthcare, banking, education, and libraries, 
often with small adjustments to fit specific settings. While SERVQUAL is one of the most commonly used methods for measuring 
service quality, it has also been criticized by researchers for how it defines expectations and for how well its five dimensions apply 
across different industries and cultures. Also see, for example: https://en.wikipedia.org/wiki/SERVQUAL  

27  QoE (Quality of Experience) theory is a multidisciplinary field, rooted in telecom but extending to all digital services, that defines user 
satisfaction as the delight or annoyance from using a service, stemming from the gap between their expectations and the actua l 
experience. It is a holistic view, encompassing technical performance (QoS), usability, context (location, device, user state), and even 
personality, all to understand overall user perception and drive better business outcomes like loyalty. 

28  Public Value Theory (PVT) is a public administration framework shifting focus from just efficiency (like New Public Management) to 
creating broad societal value, meaning better outcomes for citizens through responsive, democratic, and collaborative governance, 
not just cost-cutting. Also see, for example: Fukumoto, E., and Bozeman, B.: Public Values Theory: What Is Missing? The American 
Review of Public Administration 49(6), https://doi.org/10.1177/0275074018814  

https://www.europarl.europa.eu/charter/pdf/text_en.pdf
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401689
https://en.wikipedia.org/wiki/Triple_bottom_line
https://green-forum.ec.europa.eu/green-business/environmental-footprint-methods/life-cycle-assessment-ef-methods_en
https://green-forum.ec.europa.eu/green-business/environmental-footprint-methods/life-cycle-assessment-ef-methods_en
https://en.wikipedia.org/wiki/SERVQUAL
https://doi.org/10.1177/0275074018814
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Table 5: Summary Table: Theoretical Foundations and Their Relevance to 6G-PATH 

Theory / Framework Relevance to 6G-PATH Framework Justification for Inclusion 
 

Triple Bottom Line (TBL) [12, 38] Forms the basis for structuring the 
Sustainability KV into economic, social, 
and environmental domains. 

Aligns with SDGs, ESG, European Green Deal; ensures 
6G-PATH captures multi-dimensional sustainability 
impacts. 

Life Cycle Assessment (LCA) [28] 
 

Supports environmental sustainability 
evaluation within the Environmental 
Domain. 

Provides rigorous methods for assessing energy 
efficiency, resource use, and ecological footprint. 

Environmental Impact 
Assessment29 (EIA) [54] 

Guides the identification of 
environmental KVIs (e.g., emissions 
reduction, energy savings) and 
assessing 

Ensures compliance with environmental evaluation 
methods used in European policy and infrastructure 
projects. 

SERVQUAL Theory [48] Underpins the Service Quality Domain 
of the User Experience KV. 

Provides validated dimensions (reliability, 
responsiveness, assurance, empathy, tangibles) used 
to design UX-related KVIs. 

Quality of Experience (QoE) 
Theory [29] 

Supports perceptual and experiential 
KVIs (e.g., perceived realism, 
satisfaction). 

Ensures user-centric evaluation aligned with 6G 
human-centric design principles. 

Public Value Theory [42] 
 

Helps define societal and community-
oriented values under the Social 
Domain. 

Ensures evaluation is aligned with public-sector value 
creation, particularly in healthcare and education. 

Responsible Research and 
Innovation (RRI) [35] 

Guides ethical, inclusive, transparent 
value identification. Guide multiple 
stakeholder participation. 

Ensures alignment with EU norms on responsible and 
societally aligned digital innovation. 

Values-Based Innovation 
Framework (VBIF) 
[5] 

Supports KV-Domain-Family 
structuring by emphasising value-led 
innovation design. 

Helps integrate stakeholder values into the early 
phases of use case mapping and KVI definition. 

Technology Acceptance Model30 
(TAM / TAM2) [34,50] 

Supports KVIs related to perceived 
usefulness, ease of use, trust, and 
behavioural intention to adopt 6G-
enabled services. 

Supports KVIs related to perceived usefulness, ease of 
use, trust, and behavioural intention to adopt 6G-
enabled services. 
 

3.4 Addressing Conceptual and Normative Gaps: The 6G-PATH Contribution 
The combined review of published conceptual (Section 2.1) and normative (Section 2.2) frameworks reveals 
essential gaps hindering the practical, cross-vertical application of KPI/KVI methodologies in 5G/B5G/6G systems. 
These gaps relate to: (i) limited empirical validation of KVIs; (ii) insufficient integration of normative agendas such 
as the UN SDGs and the European Green Deal; (iii) the absence of a unified KVI-KVE-KPI model, and; (iv) low 
reproducibility and fragmented evaluation processes.  

Taking all these into account, the 6G-PATH project systematically “addresses” the majority of these challenges 
through a structured, phased methodology and a unified evaluation architecture. Table 6 highlights the key gaps 
identified in the existing literature on KPI–KVI evaluation and demonstrates how the 6G-PATH framework 
“addresses” these gaps through its integrated, multi-dimensional, and use-case-driven approach. 

                                                     
29  An Environmental Impact Assessment (EIA) is a systematic process to predict and evaluate the potential environmental, socio-

economic, and health impacts of a proposed project or development before it starts, ensuring environmental concerns are integrated 
into decision-making for sustainable outcomes. It identifies negative effects, proposes mitigation measures, compares alternatives, 
and involves public participation, ultimately guiding whether and how a project should proceed to protect natural resources. Also see, 
among others: https://environment.ec.europa.eu/law-and-governance/environmental-assessments/environmental-impact-
assessment_en  

30  The Technology Acceptance Model (TAM) is a theory explaining how users come to accept and use new technology, centered on two 
main beliefs: Perceived Usefulness (it helps performance) and Perceived Ease of Use (it is effortless). These perceptions shape a user's 
Attitude Toward Use, leading to a Behavioral Intention to Use, which ultimately predicts actual technology adoption, making it a 
crucial framework for understanding user behavior in IT and beyond. For further information also see, among others: 
https://en.wikipedia.org/wiki/Technology_acceptance_model  

https://environment.ec.europa.eu/law-and-governance/environmental-assessments/environmental-impact-assessment_en
https://environment.ec.europa.eu/law-and-governance/environmental-assessments/environmental-impact-assessment_en
https://en.wikipedia.org/wiki/Technology_acceptance_model


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 27  

Table 6: Summary - Gaps in Literature vs. 6G-PATH Solutions 

Identified Gap Description of Gap How 6G-PATH Addresses It 
 

Gap 1: Conceptual KVIs With 
Limited Empirical Validation 

KVIs are often theoretical, lacking 
empirical real-world validation. 

Mixed-method data collection, vertical an UC-
specific KVI pilots, triangulation of KPI/KVI/KVE data 
[7]. 
 

Gap 2: Weak Integration of 
Normative Frameworks (SDGs, 
Green Deal, Digital Decade, CSR) 

Most KVI frameworks acknowledge 
normative agendas but do not 
operationalise them into measurable 
indicators. 
 

Direct mapping of normative frameworks (UN 
SDGs) to KV-KVIs, Aligns KVIs with the European 
Green Deal and Digital Decade targets, etc. 

Gap 3: Fragmented Relationship 
Between KVIs, KVEs, and KPIs 

Few studies establish a systematic link 
between KVs, KVIs, KPIs, and KVEs. 

4-layer chain (KV  KVI  KVE  KPI) with 
templates and protocols. 
 

Gap 4: Limited Cross-Vertical 
Comparative Evidence 

Lack of cross-domain validation Multi-vertical evaluation across four domains with 
comparative analysis. 
 

Gap 5: Lack of a Unified, Policy-
Aligned 6G Evaluation Architecture 

KPI and KVI are handled separately in 
most literature 

6G-PATH Unified V&E framework aligned with SNS 
JU, SDGs, Green Deal. 
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4 Validation and Evaluation Framework  

4.1 Validation and Evaluation Methodology  
This section summarises the methodological basis for WP6, outlining the systematic design of the V&E 
framework. The methodology adopted in WP6 provides a structured, transparent and evidence-driven approach 
for assessing the technical performance and societal value of 6G-PATH solutions. It is built around two core 
evaluation pillars, “Technical Evaluation and Value Impact Evaluation”, supported by a cross-cutting validation 
process that ensures accuracy, consistency, triangulation [22] and refinement across all activities. These pillars 
are operationalised through a four-phase process, beginning with conceptual design and ending with integrated 
KPI/KVI evaluation. Together, this approach “links” the project’s theoretical foundations with real-world 
experimentation, enabling continuous improvement throughout the project lifecycle. 

  

Figure 1: Methodology of defining validation and evaluation framework  

The methodology rests on two core pillars: 

1. Technical Evaluation - This pillar assesses how well the 6G-PATH platform performs from a systems and 
network perspective, using KPIs. 

2. Value Impact Evaluation - This pillar evaluates the wider value generated by 6G-PATH using KVIs. 

These pillars are applied through an integrated, cross-cutting validation process that ensures accuracy, consistency, 
triangulation and refinement across all activities, and operates throughout the entire evaluation lifecycle. Validation 

begins during conceptual design, continues through testbed deployment, underpins multi-method data collection, and 
strengthens the final KPI/KVI evaluation, ensuring that indicators, data sources, and results remain aligned with 

stakeholder needs, methodological rigour, and state-of-the-art standards [19]. The complete methodology is 
operationalised through a four-phase process  

Figure 1that starts with the development of the conceptual V&E framework, followed by testbed preparation, 
real-world technical and non-technical data collection, and integrated KPI/KVI analysis. Together, these phases 
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connect the project’s theoretical foundations with practical experimentation and stakeholder engagement, 
enabling iterative refinement and continuous improvement throughout the project lifecycle. 

Phase 1: Conceptual V&E Framework Development: The first phase of the methodology focused upon 
developing a clear, structured conceptual V&E framework for evaluation. This phase establishes the theoretical 
and methodological basis for the V&E framework, guided by a seven-step process for identifying KVs, KVIs, KVEs, 
and KPIs (cf. Figure 2). It includes the extraction of values from blueprints, the definition of evaluation metrics, 
methodological design, and the creation of mapping structures linking technical and societal outcomes. The 
output of Phase 1 is a complete, adaptable V&E framework ready for implementation in the testbed deployment 
stage. 

  

Figure 2: Phase 1: Conceptual Framework Development  

1. Step I: Groundwork: The first step established the goals and objectives of the V&E framework, ensuring 
alignment with the Grant Agreement and the broader aims of 6G-PATH. This included: defining the need for 
a robust, cross-vertical framework capable of assessing technical performance and real-world applicability; 
enabling continuous monitoring and iterative improvement; ensuring that both KPIs and KVIs reflect 
technical, user-centric, and sustainability priorities; verifying compliance with emerging standards, and; 
creating a standardised, collaborative process that supports knowledge sharing across partners and use 
cases. 

2. Step II: Contextualisation: In this phase, the use case scenarios were studied based on the developed 
blueprints, which serve as “strategic guides” for identifying the applications of the 6G-PATH project. For each 
use case, specific pain points and motivations were analysed to ensure that the scenarios “address” real-
world challenges. By grounding the contextualisation of each use case’s V&E in the blueprints, the validation 
framework was more targeted in its design toward effective outcomes. 

3. Step III: Extraction: In this step, KVs are systematically extracted by integrating insights from the use-case 
blueprints and the state-of-the-art literature review. The use-case blueprints provide the primary contextual 
foundation: they detail the motivations, pain points, user needs, and expected benefits across use case 
scenarios. These elements form the first layer of value identification by revealing what matters most to 
stakeholders and where 6G-PATH aims to deliver impact.  
From this analysis, the two overarching KVs of the project, (i.e. Sustainability and User Experience) are 
identified. Once the high-level KVs are established, they are decomposed into KVI Domains, which represent 
the major thematic sub-dimensions of each KV. The sustainability KV included three KV domains: Social, 
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Economic, and Environmental. These domains “reflect” widely recognised sustainability pillars. For User 
Experience, the domain is identified as Service Quality. It is retained as a domain under the User Experience 
KV to reflect established QoE and SERVQUAL theoretical models, which conceptualise perceived service 
performance as a core component of user experience in different digital and XR-based environments [8]. As 
6G-PATH includes multiple XR, training, and telehealth scenarios, Service Quality provides a necessary 
grouping structure for related KVIs and ensures alignment with SNS JU human-centric KVI guidelines.  
Each KVI Domain is then further refined into KVI Families, which “capture” more specific value themes that 
are directly observable in the use cases. For example, the social domain includes families such as inclusivity, 
health and well-being, and quality of life. These families “translate” broad value domains into more concrete 
areas of impact that align with stakeholder expectations and pilot-specific priorities. 
In parallel, SNS JU white papers, 6G-IA strategic documents, and academic literature are reviewed to ensure 
that the identified KVs, KVI Domains, and KVI Families align with recognised standards, normative 
frameworks (e.g., SDGs, Green Deal), and emerging trends within the 6G ecosystem. This dual extraction 
process blueprint-driven contextualisation, combined with literature-driven validation, ensures that the 
resulting value structure is both grounded in real operational needs and aligned with international research 
directions. The outcome of Step III is therefore a well-structured hierarchy of value layer, where KVs  KVI 
Domains  KV Families, providing a robust basis for defining measurable KVIs in subsequent phases (Figure 
3). 

 

Figure 3: Value Layer  

4. Step IV: Metrics Definition and Framework Design: This step focuses on systematically assessing both the 
technical performance and value impact of the 6G-PATH solutions through the identification of appropriate 
KVIs/KPIs, the definition of robust evaluation methodologies, and the mapping of value indicators to 
sustainability goals and stakeholder groups.   
IV.I - KVI Identification - In this phase, the metrics and measurements necessary to assess the KVs were 
identified, focusing on both KVIs and KPIs. KVIs are metrics specifically designed to measure the broader 
societal, economic, and stakeholder impacts of the 6G-PATH solutions across various verticals. KPIs, on the 
other hand, are technical indicators that measure the system’s performance in terms of efficiency, reliability, 
scalability, and overall technological effectiveness. Together, valuation and evaluation of KVIs and KPIs form 
a comprehensive framework that evaluates not only the project’s technical success but also its broader 
impact on society. By defining these metrics, the project ensures that both performance and value creation 
are effectively measured, enabling continuous improvements throughout the evaluation process. 
IV.II - Mapping: In this phase, KVIs identified within each UC are aligned with relevant Sustainability 
Development Goals (SDGs) and stakeholder groups. The SDG mapping ensures that the 6G-PATH project not 
only delivers technical excellence but also contributes positively to global sustainability efforts. By linking KV-
KVIs to SDGs, the project demonstrates its commitment to “addressing” broader societal challenges, such as 
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climate action, quality education, and good health and well-being. This alignment helps evaluate the project’s 
long-term impact on sustainability, driving socially and environmentally responsible innovation. 
Further, the project’s KVs are mapped with stakeholders to create a matrix, ensuring that the interests of all 
relevant parties are considered in the validation and evaluation process. This mapping identifies which 
stakeholders, such as end-users, industry partners, regulatory bodies, or the general public, are affected by 
each key value. By aligning the project’s KVs with stakeholder needs and expectations, the V&E framework 
guarantees that the project delivers value across the board, fostering collaboration and stakeholder 
engagement.  
IV.III - Define Methodology: The evaluation and validation methodologies are defined to systematically 
assess the project’s performance and impact in both the technical and non-technical dimensions. This 
involves selecting the appropriate methods and tools for evaluating both KPIs and KVIs, using techniques 
such as simulations, expert assessments, and pilot testing. Data collection techniques such as surveys, 
Focused Group Discussions (FGDs), interviews and technical assessments will be used. The methodology 
ensures that all technical and non-technical outcomes are measured accurately and provides a structured 
process for continuously monitoring project progress. The approach also allows for iterative feedback, 
enabling the project to adapt based on the evaluation outcomes and refine its validation strategies 
accordingly. 

5. Step V: Technical Mapping and Enablement Integration: In this step, KVs were mapped to the technical 
components of the project, including KVEs and KPIs. The purpose of this mapping is to translate the 
qualitative aspects of key values into quantifiable measures, ensuring that abstract benefits such as user 
satisfaction, societal impact, or environmental sustainability can be effectively assessed using technical 
metrics. By aligning KVs with specific enablers such as ICT solutions, infrastructure, or system functionalities 
and KPIs, the project can rigorously track how well the technical implementation supports the achievement 
of broader project goals. This step ensures a data-driven approach to measuring both the performance and 
value delivered by the 6G-PATH solutions, creating a solid foundation for validation and continuous 
improvement. 

6. Step VI: Framework Definition and Development 
VI.I - Define - In this sub-step, the core structure of the V&E framework is established. This V&E framework 
establishes the basis for assessing both the technical and non-technical aspects of the 6G-PATH project, 
ensuring that all key performance and impact metrics are captured comprehensively. The V&E framework is 
designed to be adaptable, allowing for ongoing refinement as more insights are gained from experiments. It 
serves as a roadmap for evaluating system components, testbeds, and use cases, focusing on both technical 
KPIs and non-technical KVIs to provide a holistic view of project performance.  
VI.II - Development - The formal development phase consolidated the identified methodologies, KPIs, KVIs, 
and mapping mechanisms into a complete, deployable V&E framework. This phase produced the practical 
instruments, guidelines, templates, and protocols required for implementation across all use cases and 
testbeds. The resulting V&E framework serves as a dynamic, living structure that will evolve through 
continuous application in field trials. 

 Step VII: Iterative Refinement: This step establishes a continuous feedback loop applied throughout the 6G-
PATH lifecycle, enabling ongoing updates to the framework, KPIs, KVIs, and methodological components 
based on emerging findings from use case deployments and stakeholder evaluations. During the initial 
project phase, multiple refinement cycles were conducted, adjusting the framework structure, revising KVs, 
and consolidating KPIs, KVIs, and KVEs as the conceptualisation matured.  
Refinement was driven by two complementary evidence streams. The first stream consisted of ex-ante and 
design-stage inputs, primarily informed by an extensive expert consultation process (Figure 4). In this 
context, ten thematic workshops were conducted with vertical specialists across healthcare, education, 
farming, and smart cities, using a modified Nominal Group Technique31 (NGT) [2, 44] and Delphi-inspired 

                                                     
31  The Nominal Group Technique (NGT) is a structured brainstorming and decision-making method where a group generates ideas 

silently, shares them in a round-robin fashion, clarifies them through discussion, and then ranks or votes on the ideas to reach a 
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approach32 to review, refine, and validate all indicator sets and value constructs. This ensured that non-
technical dimensions remained grounded in operational realities and sector-specific knowledge.  
The refinement process was further informed by continuous monitoring of the broader 6G ecosystem, 
including SNS JU white papers, TMV Working Group outputs [46], and the latest academic and industry 
publications, ensuring alignment with evolving state-of-the-art methodologies. The second evidence stream 
emerged from ex-post and in-situ empirical inputs, generated through early T&Ps. Real-world 
experimentation and stakeholder evaluations provided empirical insights to validate underlying 
assumptions, identify gaps, and refine indicator definitions and measurement protocols. Together, these 
expert-driven and empirically grounded refinement cycles strengthened the robustness, applicability, and 
maturity of the V&E framework, ensuring its readiness for Phase 2 T&Ps which will be reported under 
subsequent deliverables (D6.2 and D6.3). 
 

 

Figure 4: Expert and stakeholder-driven iterative refinement process 

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: Phase 3 focuses on the systematic collection of both technical KPI data and non-
technical KVI data across all 6G-PATH use cases, employing an integrated mixed-methodology approach. KPI 
evidence is captured through automated system measurements, testbed monitoring, system logs, and baseline 
performance assessments, providing objective empirical data for technical validation. Complementing this, KVI 

                                                     
prioritized consensus, ensuring equal participation and preventing dominant members from swaying the outcome. It combines 
individual thinking with group interaction, making it ideal for problem-solving and priority-setting in teams. Also see, among others: 
https://en.wikipedia.org/wiki/Nominal_group_technique  

32  A Delphi-inspired approach uses structured, anonymous, multi-round questionnaires to gather and refine opinions from a panel of 
experts, aiming to reach a reliable consensus or forecast on complex issues, leveraging collective wisdom by providing feedback and 
justifications between rounds to encourage convergence of views. It's ideal for forecasting future events, policy decisions, or complex 
problems where direct group meetings are impractical, ensuring anonymity to prevent bias and groupthink. Also see, inter-alia: 
https://en.wikipedia.org/wiki/Delphi_method  

https://en.wikipedia.org/wiki/Nominal_group_technique
https://en.wikipedia.org/wiki/Delphi_method
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data is collected using quantitative surveys and qualitative methods, including semi-structured interviews33 and 
focus group discussions (FGDs), ensuring rich stakeholder-driven perspectives. Surveys administer validated 
Likert-scale34 and ranking instruments [3], while interviews and FGDs follow a “quality-over-quantity” principle 
to elicit nuanced, context-specific insights [26,39]. This multi-method strategy is essential given the 
heterogeneity of the project’s verticals, enabling triangulation [22] across technical, behavioural, and perceptual 
evidence sources [36] and ensuring methodological robustness. A summary of Phase 1 data collection methods 
is presented in Table 7.  

Table 7: 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 [3] 

Interviews (KVIs) Semi-structured questionnaires - One-
to-one interviews, physical and online. 

Explore contextual factors, 
value assumptions. 
 

Quality over quantity principle; 30-
60 minutes [26] 

Focus Groups 
(FGDs) - (KVIs) 

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

Capture collective values, 
social dynamics. 
 

Optimal group size 6-10 [39] 

 

Phase 4: KPI-KVI Evaluation: The final phase of the validation process evaluates both technical KPIs and non-
technical KVIs through an integrated mixed-method assessment. In this phase, quantitative KPI results are 
compared against performance targets to determine whether the system meets expected technical benchmarks. 
In contrast, qualitative and quantitative KVI findings assess the societal, economic, environmental, and service-
quality value of the deployed solutions. This dual evaluation approach ensures that the project captures not only 
the technical success of 6G-PATH testbeds, but also the broader stakeholder and sustainability impacts across all 
ten use cases. 

A central component of this phase is triangulation, which enhances rigour and reduces bias by validating insights 
across multiple evidence sources [7, 22, 36]. Data triangulation35 integrates testbed logs, baseline/performance 
measurements, surveys, interviews, focus group discussions, expert assessments, and document artefacts 
collected at different stages of the deployment cycle. Methodological triangulation merges quantitative KPI/KVI 
metrics with qualitative insights, thereby validating statistical trends through lived experiences and contextual 
explanations [7]. Stakeholder triangulation compares perspectives across verticals and across supply-side and 
demand-side actors, ensuring balanced representation. Theory triangulation further strengthens interpretation 
                                                     
33  Semi-structured interviews are a qualitative research method blending planned, open-ended questions with flexibility, allowing 

interviewers to probe deeper and explore emerging themes beyond a rigid script, creating a conversational yet focused data collection 
process to understand participants' experiences, attitudes, and beliefs in depth. They use an interview guide with key topics but vary 
question order and wording, differing from structured (rigid script) and unstructured (no script) interviews. Also see, among others: 
https://en.wikipedia.org/wiki/Semi-structured_interview  

34  A Likert scale is a popular psychometric rating scale used in surveys to measure attitudes, opinions, or perceptions by asking 
respondents to rate their level of agreement or disagreement with a statement on a symmetric range, typically from "Strongly 
Disagree" to "Strongly Agree" (e.g., a 5-point scale). Developed by Rensis Likert, it quantifies subjective feelings into numerical data, 
allowing researchers to understand varying degrees of feelings beyond simple yes/no answers, widely used in social sciences and 
market research. Also see, for example: https://en.wikipedia.org/wiki/Likert_scale  

35  Data triangulation is a research strategy using multiple data sources, times, places, or people to study the same phenomenon, 
enhancing validity and reliability by cross-verifying findings and compensating for weaknesses in single sources. It strengthens 
conclusions, provides deeper insights, and reduces bias, allowing researchers to build a more complete, holistic understanding by 
seeing if results converge or diverge across different perspectives. Also see, inter-alia: 
https://en.wikipedia.org/wiki/Triangulation_(social_science)  

https://en.wikipedia.org/wiki/Semi-structured_interview
https://en.wikipedia.org/wiki/Likert_scale
https://en.wikipedia.org/wiki/Triangulation_(social_science)


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 34  

by integrating complementary conceptual models, including technology acceptance theory (TAM/UTAUT36)37 [4] 
for user perception38 [50], sustainability frameworks for societal and environmental KVIs [11], public value theory 
for societal benefit, and technical performance theories underpinning KPIs, yielding a holistic and multi-
dimensional evaluation. 

 

 

Figure 5: Convergent Parallel Mixed-Method Design for KVI Analysis  

The evaluation applies a convergent parallel mixed-method design39, in which quantitative and qualitative 
evidence are collected concurrently, analysed separately, and then merged for interpretation (Figure 5). KVI 
quantitative data, primarily derived from stakeholder surveys using a standardised 5-point Likert scale, provides 
numerical indications of value dimensions. Qualitative data, collected through semi-structured interviews and 
focus group discussions, offers contextual depth and captures operational realities, behavioural patterns, and 
sector-specific nuances. Quantitative analysis applies descriptive statistics, distribution analysis, and cross-
vertical comparisons, while qualitative analysis uses thematic coding and clustering to identify recurring insights 

                                                     
36  The Unified Theory of Acceptance and Use of Technology (UTAUT) is a foundational model explaining why people adopt new tech, 

identifying four key drivers: Performance Expectancy (how useful it is), Effort Expectancy (how easy it is), Social Influence (what others 
think), and Facilitating Conditions (having the resources to use it). These factors predict a user's Behavioral Intention, which then leads 
to actual Use Behavior, with age, gender, experience, and voluntariness moderating these relationships. Developed by Venkatesh and 
others, UTAUT synthesizes older models and remains a robust framework for understanding tech acceptance in organizations and 

beyond. 
37  TAM (Technology Acceptance Model) και UTAUT (Unified Theory of Acceptance and Use of Technology) are two well-known 

theoretical models in computer science that explain why users accept or reject a technology, with UTAUT being a TAM’s extension via 
incorporating more factors, such as social influences, for better prediction of use. TAM is focused upon Perceived Usefulness and 
Perceived Ease of Use, while UTAUT combines these factors with Performance Expectancy, Effort Expectancy and Social Influence. 

38  User perception is an individual's subjective interpretation, understanding, and feeling about a product, service, or system, shaped by 
sensory input, past experiences, and cognitive processes, influencing satisfaction, behavior, and adoption decisions. It is not just about 
what's objectively there, but what the user perceives as useful, usable, valuable, or trustworthy, affecting everything from a quick 
bounce from a messy app to long-term loyalty to a brand. 

39  A convergent parallel mixed-methods design is a research strategy where quantitative (numbers/stats) and qualitative 
(words/themes) data are collected and analysed simultaneously but separately, then merged during interpretation to get a 
comprehensive understanding of a topic, often using triangulation to validate findings. It involves running two distinct studies (e.g., a 
survey and interviews) at the same time, comparing their results for deeper insights than either method alone could provide, and is 
great for corroborating findings or getting a fuller picture. 
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and emergent themes. These strands are subsequently synthesised during triangulation to generate a 
consolidated interpretation of KPI and KVI performance. 

Through this process, KVIs demonstrating strong support across both quantitative and qualitative strands are 
retained as validated value indicators. KVIs supported by only one strand undergo further expert review, while 
those showing inconsistent evidence are revised or removed. KPI findings are interpreted using target thresholds, 
trends, and cross-use-case comparisons to identify performance gaps and system strengths. Together, these 
evaluation stages produce evidence-based recommendations for architectural refinement, testbed 
improvements, and continuous enhancement of the V&E framework, thereby informing subsequent project T&P 
phases and deliverables. 

4.2 Framework Architecture 
The 6G-PATH V&E framework is built upon a layered architecture that “links” stakeholder values to measurable 
technical performance. This architecture enables a coherent relationship between “what the system is expected 
to achieve” (value layer) and “how well it performs” (performance layer), mediated by the specific technical 
functionalities that make value realisation possible (enabler layer). 

At the highest level, KVs express the overarching societal and experiential goals of the project, that is: 
Sustainability and User Experience. These high-level values are structured into KV Domains and KV Families, 
creating a clear hierarchical value model: KV → KV Domain → KV Family → KVI.  

KVIs “translate” these thematic areas into measurable indicators, capturing whether the project achieves value. 
KVIs operationalise value expectations into observable, evaluation-ready metrics. 

Because many KVIs represent perceptual, behavioural, social, or experiential outcomes, they depend on 
underlying technical features that cannot be captured directly by value indicators alone. KVEs fulfil this role by 
identifying the specific technical functions, modules, or architectural components required to enable each KVI. 
KVEs, therefore, form the bridge between non-technical value expectations and technical performance 
capabilities. For example, a KVI, such as enhanced realism in medical training, depends on KVEs, such as low-
latency XR rendering and high-fidelity sensor integration. In contrast, improved student engagement relies on 
KVEs, such as session continuity, XR content quality, and interoperability. Each KVI can “map” to one or more 
KVEs, establishing a concrete link between value outcomes and enabling technologies. 

Where KVEs describe what technical functionalities are required, KPIs quantify how well those functionalities 
perform. KPIs measure functional correctness, security robustness, performance efficiency, and system 
responsiveness. Organised into KPI Domains and KPI Families, KPIs answer the central architectural question: “Is 
the technology performing well enough to enable the value?”. 

For example, the KVE low-latency XR rendering traces to KPIs such as latency, jitter, and frame-rate stability, 
while the KVE secure health data handling traces to KPIs such as authentication success rates and data integrity 
metrics. KPIs, therefore, provide the technical evidence necessary to validate whether KVEs can support the 
expected value outcomes. 

This architecture creates a bidirectional validation loop. From the top down, KVs define the desired value 
outcomes, and KVIs define how they will be assessed. From the bottom up, KPIs provide measurable technical 
evidence to support or challenge these KVI results. For instance, if surveys indicate high realism (KVI) but KPIs 
reveal high latency, the assessment must be re-evaluated; conversely, if high-reliability KPIs align with user 
reports of trust and satisfaction, the value outcome is validated. This hybrid top-down/bottom-up model ensures 
that the evaluation process is both perception-based and evidence-based. 

The complete architectural chain can therefore be summarised as:  

[KV → KV Domain → KV Family] → [KVI] → [KVE] → [KPI Domain → KPI Family → KPI] 

In this structure, KVs define value goals, KVIs measure value realisation, KVEs identify the technical mechanisms 
enabling those values, and KPIs measure how well those enablers perform. This creates a coherent top-down 
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definition of desired value and a bottom-up verification of whether technical systems support value 
achievement. 

At the same time, the 6G-PATH V&E framework conceptually recognises that KV Families are interrelated and 
may influence one another. That value realisation across sustainability and user experience dimensions can 
involve interdependencies and potential trade-offs. However, in Phase 1, the scope of the evaluation is 
intentionally limited to the systematic identification and mapping of KPIs, KVIs, and their enabling relationships 
(KVEs) for impact assessment at the pilot scale. While the V&E framework is explicitly designed to support the 
analysis of cross-KV interactions, such as how improvements in “Digital Inclusion & Accessibility KVI” may 
contribute to “Quality of Life KVI”, or how performance-intensive user experience enhancements may affect 
sustainability-related indicators. These relationships are not empirically tested or quantified in the current T&Ps 
phase. 

Instead, Phase 1 T&Ps focus on establishing traceability and methodological readiness, ensuring that the 
necessary indicators, data sources, and architectural linkages are in place. The explicit investigation of KV-family 
interdependencies and KPI-KVI trade-offs is therefore deferred to Phase 2 T&Ps, where large-scale trials, 
longitudinal data collection, and cross-use-case analysis will enable robust assessment. These aspects will be 
systematically examined and reported in D6.2 and D6.3, where richer datasets will support deeper causal 
analysis, comparative evaluation, and evidence-based insights into balanced value optimisation across technical, 
societal, environmental, and user-experience dimensions. 

This architecture is foundational to 6G-PATH. It ensures that technical achievements translate into societal and 
experiential impact, provides traceability across all use cases and verticals, enables cross-pilot comparisons, and 
supports evidence-based validation rather than relying solely on subjective perception. Aligned with the SNS JU’s 
value-driven evaluation philosophy and broader EU priorities, including the UN SDGs, the Digital Decade, and the 
European Green Deal, the 6G-PATH architecture is one of the first to implement a fully traceable Value → Enabler 
→ Performance chain, addressing a major gap in existing KPI/KVI V&E frameworks. 

Figure 6 illustrates the three-layer Value–Enabler–Performance architecture of the 6G-PATH Validation and 
Evaluation (V&E) framework, showing how technical performance metrics (KPIs) act as enabling conditions that 
support service-level qualities and, in turn, generate higher-level societal, economic, environmental, and user-
centric value outcomes (KVIs). 
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Figure 6: Three-Layer Value–Enabler–Performance Architecture of the 6G-PATH V&E Framework 

4.3 KPI Validation and Evaluation Framework  
The KPI V&E Framework establishes the technical measurement structure for evaluating the performance, 
robustness, and operational behaviour of the 6G-PATH system across all testbeds and vertical pilots. Built upon 
the requirements defined in WP2 (System Architecture and Functional Requirements) and WP3 (Technical 
Enablers and Platform Integration), the V&E framework ensures complete alignment with internationally 
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recognised measurement standards, including 3GPP40, ITU-R IMT-203041, and SNS JU TMV Working Group42 
guidelines. It provides a harmonised evaluation approach that guarantees consistency and comparability across 
use cases. 

As described in Section 3.2, KPI Families are defined in 6G-PATH to group related technical aspects required to 
assess system readiness and technological performance. These families “capture” key technical themes, 
including Data Rate/Capacity, Latency and Responsiveness, Reliability, Product Quality, Interoperability, 
Authentication, and Data Protection. The KPI Families provide the structural basis for deriving, specifying, and 
measuring individual KPIs. 

To ensure coherence across the project, a selected subset of indicators has been identified as cross-UC common 
KPIs, representing a standardised set of technical metrics applicable across all or multiple use cases, irrespective 
of vertical-specific requirements. These cross-UC KPIs form the project-wide baseline for technical evaluation, 
enabling cross-use-case comparison, unified analysis, and interoperability with the broader SNS JU ecosystem. 
Table 8  presents the complete list of selected Common KPIs adopted as the standard measurement set for 6G-
PATH during the first phase of T&Ps. In parallel, work is ongoing across other WPs to further improve this KPI set 
by adding additional indicators where needed and refining KPI definitions to ensure feasibility, consistency, and 
applicability across all, or at least the majority of, use cases. These refinements will support the second phase of 
T&Ps and will be documented and reported in subsequent project deliverables. In addition, for each use case, 
more specific KPIs and corresponding KPI families have been, and continue to be, defined to capture UC-specific 
requirements; the KPIs already determined at this stage are reported in the Annex C. 

Table 8: Cross-UC KPIs for 6G-PATH 

KPI Family KPI Definition 
 

Data 
rate/capacity 

User-Experienced 
data rate 

The average achievable data rate that is available ubiquitously across the coverage area to 
the mobile device. 
 

Peak User data rate Max achievable data rate under ideal conditions (in bit/s), which is the received data bits 
assuming error-free conditions assignable to a single mobile station, when all assignable 
radio resources for the corresponding link direction are utilised. 
 

Latency E2E Latency Time taken by the E2E system for a packet of a specified size to travel from the source to 
the destination. 
 

Jitter Variation in the time delay between when a signal is transmitted and when it is received 
over a network connection, measured as ping variability. 
 

Reliability & 
Availability 

Reliability The ability of the system to successfully transmit a predefined amount of data within a pre-
determined time duration with a specified probability of success. 
 

Availability Ratio between the amount of time during which a specific component of the UC is 
responding to the received requests, and the total amount of time that the component has 
been deployed. 
 

Coverage RSRP43 Average received power of synchronisation signals over resource elements that carry 
secondary synchronisation signals. (SS-RSRP) 

                                                     
40  See: https://www.3gpp.org/  
41  For further reading also see, among others: https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2030/Documents/IMT-

2030%20Framework_WP%205D%20Management%20Team.pdf  
42  See: https://smart-networks.europa.eu/sns-ju-working-groups/  
43  RSRP, or Reference Signal Received Power, is a key measurement in LTE/4G and 5G cellular networks that indicates the power level 

of the specific reference signals received from a cell tower, telling a device how strong the signal is from that tower, with higher (less 
negative) dBm values meaning a better connection for cell selection and handover. It is a more precise measure than RSSI (Received 
Signal Strength Indicator) because it focuses only on dedicated reference signals, excluding noise and other cells ’ signals, helping 
devices choose the best serving cell. 

https://www.3gpp.org/
https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2030/Documents/IMT-2030%20Framework_WP%205D%20Management%20Team.pdf
https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2030/Documents/IMT-2030%20Framework_WP%205D%20Management%20Team.pdf
https://smart-networks.europa.eu/sns-ju-working-groups/
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or 
Average received power of CSI44 reference signals across relevant resource elements. (CSI-
RSRP) 

RSRQ45 Ratio of SS-RSRP to carrier RSSI46, accounting for the number of resource blocks. (SS-RSRQ) 
or 
Ratio of CSI-RSRP to CSI-RSSI, accounting for the number of resource blocks. (CSI-RSRQ) 

4.4 KVI Validation and Evaluation Framework  
The KVIV&E Framework defines the non-technical indicators used to assess the societal, economic, 
environmental, and user-experience value generated by 6G-PATH technologies across all verticals. It provides a 
structured, theoretically grounded approach to evaluating value creation, drawing on recognised conceptual and 
normative frameworks. This V&E framework enables 6G-PATH to systematically “capture” how technological 
enablers “translate” into meaningful outcomes for end-users, organisations, and communities. 

As outlined in Section 3.2 and especially in Annex A, the KVI structure is organised through a hierarchy of KVs, 
KV Domains, and KV Families, from which individual KVIs are derived. This taxonomy ensures that value outcomes 
are consistently defined, thematically coherent, and directly linked to the project’s broader sustainability and 
user-experience objectives. 

To support cross-use-case alignment, a standardised subset of KVIs has been identified as a standard evaluation 
baseline applicable across most 6G-PATH use cases. These common KVIs are defined as a unified set of non-
technical, value-driven metrics that enable consistent assessment and cross-vertical comparison of societal, 
environmental, economic, and user-experience outcomes. Each common KVI is assigned a unique identification 
code (KVI code) and is used consistently across all relevant use cases, ensuring traceability, methodological 
coherence, and comparability of results within WP6. This standardisation supports alignment with the WP6 
validation and evaluation methodology and maintains consistency with SNS JU impact-oriented evaluation 
guidelines. Table 9 presents the final list of cross-UC KVIs, including their unique identifiers, forming the unified 
evaluation set for the project.  

Table 9: Cross-UC KVIs for 6G-PATH 

KV Family KVI Definition 
 

KV: Sustainability 

KV Domain: Economic Sustainability 

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

Economic Perfor-
mance & Growth 
 

EC-KVI2: Profit Increase Improvement in net financial outcomes driven by 6G-enabled effi-
ciency and productivity. 

EC-KVI3: New Revenue Streams Generation of new revenues through 6G-enabled digital services and 
data-driven innovation. 

Productivity 
 

EC-KVI4: Productivity and Efficiency 
Gains 

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

                                                     
44  In wireless communications, channel state information (CSI) is the known channel properties of a communication link. This 

information describes how a signal propagates from the transmitter to the receiver and represents the combined effect of, for  
example, scattering, fading, and power decay with distance. The method is called channel estimation. The CSI makes it possible to 
adapt transmissions to current channel conditions, which is crucial for achieving reliable communication with high data rates in multi-
antenna systems. 

45  Reference Signal Received Quality (RSRQ) is a metric, measured in decibels, that is used to indicate the quality of the reference signal 
received from your carrier’s nearest cell tower (base station). 

46  RSSI (Received Signal Strength Indicator) is a measurement of how strong a wireless signal (like Wi-Fi or cellular) is when it reaches a 
device, with values typically shown as negative numbers (e.g., -30 dBm to -100 dBm); a number closer to zero (like -30 dBm) means a 
stronger, better signal, while numbers further from zero (like -90 dBm) indicate a weaker signal, affecting connection quality, speed, 
and reliability. 
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EC-KVI5: Resource Efficiency Gains More efficient use of human, physical, and digital resources through 
data-driven operations. 

KV Domain: Social Sustainability 

Health & Wellbeing 
 

SS-KVI1: Improved Public Health & 
Safety 

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

SS-KVI2: Enhanced Quality of Life 
(QoL) 

Improvement in physical, mental, or social wellbeing enabled by digi-
tal services. 

Social Inclusion & 
Equity 
 

SS-KVI3: Digital Inclusion & Accessibil-
ity 

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

SS-KVI4: Reduced Digital Divide Reduction of geographic, socioeconomic, or capability-based access 
gaps. 

SS-KVI5: Inclusiveness & Equity of Ac-
cess to Services 

Fair access to public, educational, agricultural, and healthcare services 
via 6G. 

Education & Skills 
 

SS-KVI6: Improved Digital Skills & 
Competency 

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

SS-KVI7: Increased Technology Adop-
tion & Digital Uptake 

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

Community Well-
being & Resilience 
 

SS-KVI8: Improved Emergency Re-
sponse & Preparedness 

Faster and more effective emergency detection and response capabil-
ities. 

SS-KVI9: Increased Community En-
gagement & Trust 

Higher trust and engagement in digitally delivered public services. 

Social Cohesion & 
Public Value 
 

SS-KVI10: Improved Social Connectiv-
ity & Participation 

Increased participation in education, work, and community activities 
via digital tools. 

SS-KVI11: Enhanced User Satisfaction 
& Perceived Value  

Overall perceived benefit and satisfaction from using 6G-enabled ser-
vices. 

KV Domain: Environmental Sustainability 

Environmental Sus-
tainability 
 

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

ENV-KVI2: Energy Efficiency Reduction in energy consumption through optimised 6G-enabled op-
erations. 

ENV-KVI3: Soil/Land Health Improved soil quality and land preservation via monitoring and inter-
ventions. 

Climate & Emis-
sions Reduction 
 

ENV-KVI4: Carbon Emissions Re-
duction 

Reduction in greenhouse gas emissions enabled by 6G optimisation. 

ENV-KVI5: Improved Air Quality Reduction of air pollutants through 6G-enabled sensing and mitiga-
tion. 

Sustainable Re-
source & Mobility 
Systems 
 

ENV-KVI6: Sustainable Mobility Promotion of environmentally sustainable mobility and resource use. 

ENV-KVI7: Biodiversity & Green Space 
Management 

Improved management of biodiversity and green spaces through dig-
ital monitoring. 

ENV-KVI8: Natural Resource Conser-
vation 

Protection of natural resources enabled by rapid digital response sys-
tems. 

Waste Reduction & 
Circularity 

ENV-KVI9: Waste Reduction Reduction in waste outputs through 6G-supported digital workflows. 

KV: User Experience (UX) 

KV Domain: Service Quality 

User Satisfaction & 
Perception 
 

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-KVI3: Perceived Data Security & 
Privacy 

User confidence in data protection and privacy practices. 

Usability & Accessi-
bility 
 

SQ-KVI4: Perceived Ease of Use Perceived simplicity and intuitiveness of system operation. 

SQ-KVI5: Data/Service Accessibility Ease of accessing required data and services when needed. 

System Reliability & 
Performance 
 

SQ-KVI6: Perceived System Reliability Perceived stability and consistency of system operation. 

SQ-KVI7: Perceived Responsiveness Perceived speed of system responses and interactions. 

SQ-KVI8: Perceived Scalability Confidence that the system can scale with demand. 

Engagement & Con-
tent Quality 
 

SQ-KVI9: Interactive Experience Qual-
ity 

Quality of user interaction with interfaces and XR tools. 

SQ-KVI10: Content Quality Relevance, clarity, and usefulness of provided information. 
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4.5 Quality, Ethical, and Governance Principles 
The 6G-PATH V&E framework is “grounded” in five guiding principles: validity, reliability, scalability, 
comparability, and transparency. These principles collectively ensure methodological rigour, scientific credibility, 
and practical applicability across all verticals [31]. These principles guide indicator definition, data-collection 
practices, and interpretation of results, ensuring alignment with state-of-the-art standards, SNS JU 
methodologies, and broader EU policy frameworks. Table 10 summarises the guiding principles underpinning the 
6G-PATH Validation and Evaluation (V&E) framework, outlining the methodological, ethical, and governance 
considerations that ensure consistency, transparency, and cross-use-case applicability of KPI and KVI assessment 
across the project.  

Table 10: Guiding Principles of the 6G-PATH V&E Framework 

Principle Core Meaning How It Is Applied in 6G-PATH Key References / Alignment 
 

Validity Measures what it is intended 
to measure. 

Clear indicator definitions; expert 
validation; triangulation across data 
sources. 

SNS JU TMV WG; UN SDG 
indicators; 6G-IA SNVC 
methodology 

Reliability Consistency and repeatability 
of results. 

Standardised protocols; harmonised 
templates; iterative refinement. 

Noble & Smith (2015); internal 
WP6 methodology 

Scalability [53] Works across contexts, scales, 
and verticals. 

Supports lab tests to real-world pilots; 
integrates new KPIs/KVIs and UCs. 

ITU-R IMT-2030 [24]; multi-
vertical SNS pilots 

Comparability Enables benchmarking across 
UCs and projects. 

Harmonised indicator families; unified 
reporting; multi-level alignment. 

SNS JU TMV definitions; SDGs; EU 
Digital Decade 2030 

Transparency Clear documentation and 
openness. 

FAIR data practices; complete protocol 
documentation; open dissemination. 

EC Open Science; SNS JU 
requirements 

 

The 6G-PATH project implements a comprehensive ethical and governance framework that ensures all KPI and 
KVI data collection and processing activities adhere to the highest standards of scientific integrity, legal 
compliance, and participant protection. The project operates under a unified ethics structure grounded in 
European principles of human rights, proportionality, sustainability, and respect for vulnerable populations, 
supported by mandatory ethics approvals, informed consent procedures, and strict limitations on personal data 
collection. GDPR compliance is embedded throughout the data lifecycle, including minimisation, controlled 
access, secure storage, cross-partner transfer protections, and full recognition of data subjects’ rights. 

The consortium applies robust participant protection measures, ensuring voluntary participation, transparency 
of data usage, and heightened safeguards for minors. To support responsible data stewardship, 6G-PATH adopts 
FAIR principles47 by ensuring data is findable (via DOIs and metadata), accessible (through secure, open 
protocols), interoperable (via standard formats), and reusable (through clear licensing and documentation). 
Anonymisation and pseudonymisation techniques are systematically employed to protect privacy while 
maintaining research utility, with all data hosted on secure EU-based infrastructure. 

Together, these ethical, legal, and governance mechanisms provide a strong foundation for the project’s 
validation and evaluation activities, ensuring that all insights into 6G performance and societal impact are 
generated responsibly, transparently, and in alignment with European values and regulatory requirements. 

                                                     
47  The FAIR principles are a set of guidelines for research data management that make data more discoverable, accessible, interoperable, 

and reusable for both humans and machines, standing for Findable, Accessible, Interoperable, and Reusable, emphasising rich 
metadata, persistent identifiers, clear protocols, standard formats, and open licenses to maximize data's value and impact. Also see: 
https://www.go-fair.org/fair-principles/   

https://www.go-fair.org/fair-principles/


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 42  

4.6 Risks, Limitations, and Mitigations  
The comprehensive risk assessment across the 6G-PATH use cases reveals several cross-cutting challenges that 
require systematic mitigation throughout Phase 2 T&Ps. Analysis of partner contributions from all the UCs has 
identified 21 distinct risk factors organised into three primary categories: Technical Risks, Non-Technical Risks, 
and Methodological Risks. 

Technical risks primarily relate to system performance, hardware behaviour, connectivity stability, integration 
maturity, and the reliability [37] of emerging 6G-enabling components. Many use cases, including UC-EDU-1, UC-
EDU-2, UC-HEALTH-2 and UC-CITIES-2, reported concerns linked to wireless segment performance, network slice 
isolation, and end-to-end latency degradation. Testbed environment limitations were particularly significant, as 
controlled laboratory conditions often do not fully “capture” the operational complexity of farms, ambulances, 
schools, or smart-city logistics environments. Device-specific constraints, such as limited battery performance 
for wearable monitoring devices in UC-HEALTH-2 and AR headset calibration issues in UC-EDU-2, further 
reinforce the need for targeted optimisation strategies. 

Non-technical risks appeared consistently across all pilots and include participant recruitment challenges, 
constrained staff availability, limited patient or student pools, stakeholder resistance, workforce scheduling 
constraints, privacy/GDPR concerns, and delays in data sharing across partners. Participant recruitment and 
engagement emerged as the dominant non-technical limitation across all verticals, with several pilots unable to 
reach the desired sample sizes in Phase 1 T&Ps. These restricted samples significantly limit statistical 
generalisability and highlight the need for expanded participant pools in Phase 2 T&Ps. Privacy and data 
protection risks are particularly acute in health and education pilots, where handling sensitive patient or student 
information requires stringent anonymisation, pseudonymisation and GDPR-compliant storage workflows. 
External sectoral pressures, including the UK higher education sector crisis affecting UC-EDU-2 and operational 
constraints within real-world emergency and logistics environments, as seen in UC-CITIES-2, further compound 
these challenges and emphasise the need for proactive stakeholder engagement. 

Methodological risks were also common across verticals and predominantly stem from small sample sizes, short 
assessment timeframes, difficulties isolating 6G-specific contributions from contextual or organisational 
influences, and heterogeneous testbed capabilities. These risks pose substantial validity concerns for KVI 
assessment, especially as Phase 1 T&Ps conditions do not allow observation of long-term impacts on outcomes 
such as educational attainment, clinical improvement, sustainability gains, or agricultural productivity. 
Attribution remains a core methodological challenge, as separating the effects of advanced connectivity from 
confounding variables such as novelty effects, instructor differences, workflow variability, or environmental 
conditions was difficult in several UCs. Additionally, some UCs (e.g., UC-EDU-1, UC-EDU-3) noted that several 
KVIs remain broad or partially conceptual, limiting the extent to which they could be fully validated within the 
initial project timeline. 

Table 11 below provides a consolidated overview of the 6G-PATH risk assessment, summarising the distribution 
of risks across Technical, Non-Technical, and Methodological categories based on their severity levels.  

Table 11: 6G-PATH Risk Assessment Summary - By category 

Category Critical High Medium Total 

Technical 2 2 4 8 

Non-Technical 2 1 3 6 

Methodological 2 0 5 7 

TOTAL 6 3 12 21 

 

Across all UCs, technical risks were the most frequently reported and are the most directly impactful on the 
feasibility and quality of KPI/KVI data collection. Stable connectivity, reliable telemetry, device performance and 
backend readiness are prerequisites for rigorous technical assessment, and shortcomings in these areas directly 
compromise the reliability, comparability and repeatability of technical KPIs. Non-technical risks, while less 
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disruptive to the execution of technical measurements, substantially influence participant availability, sample 
diversity, ethical compliance, and stakeholder attitudes, thereby affecting the quality of user-centric KVI insights. 
Methodological risks affect the interpretability and external validity of the evidence generated, shaping both the 
confidence and generalisability of the results that WP6 can present for Phase 1 T&Ps.  

Summary Table 12 clearly illustrates where the most significant vulnerabilities lie and supports prioritisation of 
mitigation measures as the project progresses into Phase 2 T&Ps. 

Table 12: Critical Risks (Require Immediate Attention) 

Risk ID Description Impact 

TR-1 Network instability All UCs affected 

TR-6 Backend/system readiness 4 UCs affected 

NTR-1 Participant recruitment 6 UCs affected 

NTR-3 Privacy/GDPR/ethics 5 UCs affected 

MTR-1 Small sample sizes All UCs affected 

MTR-3 Attribution challenges 5 UCs affected 

 

Mitigation strategies have already been implemented or initiated across UCs, with further enhancements 
planned for Phase 2 T&Ps. Technical mitigations include hybrid connectivity solutions, wireless optimisation in 
collaboration with vendors, enhanced telemetry systems, backend stabilisation, increased device availability, 
calibration protocols and hybrid lab-field testing to improve realism. Non-technical constraints are being 
addressed through multi-site participant recruitment, early-engagement campaigns, streamlined survey tools, 
GDPR-compliant workflows, and clearer data-sharing protocols. Methodological limitations are targeted through 
plans for longitudinal studies, pre/post comparison designs, the use of control groups, triangulation of qualitative 
and quantitative data, refined KVI/KPI definitions and harmonised measurement protocols aligned with 3GPP 
and SNS JU guidelines. 

Figure 7 illustrates the 6G-PATH risk heat map, visualising the likelihood–severity matrix used to identify, 
prioritise, and manage technical, operational, and methodological risks associated with the implementation of 
the V&E framework across use cases.  

 

Figure 7: 6G-PATH Risk Heat Map - Likelihood vs Severity Matrix 
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The comparative assessment indicates that several risks, such as network instability, limited participant 
recruitment, short evaluation windows, incomplete backend readiness and attribution challenges, are common 
across all UCs and therefore represent systemic project-wide vulnerabilities. These risks fall within the high-
likelihood, high-severity quadrant of the consolidated heat map and require prioritised mitigation before Phase 
2 T&Ps activities commence. The heat map48 (Figure 7) provides a visual overview of risk concentration, helping 
WP6 and UC partners allocate resources effectively and focus on areas where improved readiness and 
methodological refinement will have the greatest impact on the robustness of Phase 2 T&Ps evaluation 
outcomes.  

Annex B presents the consolidated risk register synthesising all identified risks across the 6G-PATH use cases, 
organised by category with associated severity levels and mitigation strategies.  

4.7 Refinement of the Validation and Evaluation Framework Based on Phase-1 T&Ps 
The first phase of T&Ps provided critical empirical and methodological insights into the practical application of 
the 6G-PATH V&E Framework. While the framework proved effective in enabling integrated KPI–KVI assessment 
across heterogeneous use cases, Phase-1 implementation also revealed limitations, pain points, and context-
specific constraints related to both technical performance measurement (KPIs) and value-oriented assessment 
(KVIs) that necessitate refinement of the framework for subsequent phases. 

Accordingly, this section presents the refined V&E Framework (V2), explicitly informed by lessons learned, 
identified challenges, and observed failures during Phase-1 T&Ps. The objective is not to redesign the framework 
fundamentally, but to increase its operational maturity, consistency, comparability, and analytical robustness for 
large-scale experimentation in Phase 2. 

The refinement focuses on five interrelated dimensions: 

1. KVI scoping and prioritisation, 

2. KPI definition, instrumentation, and coverage, 

3. KPI–KVI linkage and interpretability, 

4. Methodological standardisation and cross-use-case comparability, and 

5. Domain-specific validation requirements, particularly for mission-critical contexts. 

Key Pain Points Identified in Phase-1 T&Ps 
Phase-1 application highlighted several recurring issues affecting both KPI and KVI assessment: 

 The breadth and abstraction of the initial KVI catalogue increased onboarding effort, resulted in long 
questionnaires, and reduced response quality in some use cases. 

 Direct one-to-one mapping of KVIs to KPIs was not always meaningful, as many value outcomes 
materialise through organisational, behavioural, or contextual mechanisms rather than measurable 
network performance alone. 

 Absence of established benchmarks for KVIs limited objective comparison and statistical interpretation. 

 KPI measurement maturity varied across use cases, with differences in coverage, granularity, duration, 
and degree of automation. 

 Instrumentation constraints, including partial logging, limited telemetry exposure, and reliance on 
manual KPI extraction, reduced repeatability and completeness in some pilots. 

 Heterogeneous data collection practices across use cases constrained cross-use-case and cross-vertical 
comparability. 

                                                     
48  Risk heat maps are a clear and concise image used to evaluate and articulate risk levels, taking complex information and presenting it 

visually. Frequently used in enterprise risk management, project management, compliance, and internal audit, risk heat maps 
illustrate the probability and impact of risks. 
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 Mission-critical (PPDR) use cases exhibited fundamentally different acceptance criteria, driven by zero-
tolerance requirements and direct benchmarking against legacy systems. 

 Stakeholder engagement revealed varying levels of familiarity with non-technical value concepts, 
particularly among technical partners, while non-technical stakeholders often required contextualisation 
of technical KPIs. 

These issues are explicitly addressed in the refined framework through targeted methodological and structural 
adjustments. 

Mapping Phase-1 Lessons Learned to V&E Framework Refinements in Phase 2  
Table 13 summarises how identified challenges and lessons learned from Phase-1 T&Ps, covering both KPI and 
KVI dimensions, are translated into concrete refinements of the V&E Framework for Phase 2 T&Ps. 

Table 13: Mapping Phase-1 Lessons Learned to V&E Framework Refinements  

Phase-1 challenge / issue Lesson learned Framework refinement for Phase 2  
 

Large and abstract KVI 
catalogue 

Excessive KVI breadth increases 
respondent burden and reduces data 
consistency. 

Introduction of a core KVI set applicable across all use 
cases, complemented by context-specific KVIs. 

Lack of KVI benchmarks Many KVIs are intangible and long-term. Shift towards longitudinal assessment, trend analysis, 
and qualitative contextualisation rather than absolute 
benchmarking. 

Weak or indirect KPI–KVI 
mappings 

Not all value outcomes directly map to 
technical metrics. 

Formalisation of a Value → Enabler → Performance 
logic, allowing indirect and mediated KPI–KVI 
relationships. 

Uneven KPI coverage across 
use cases 

Baseline feasibility does not imply mature 
performance evaluation. 

Expanded and harmonised KPI sets with minimum 
required coverage across all pilots. 

Limited KPI 
instrumentation and 
automation 

Manual KPI extraction reduces scalability 
and comparability. 

Enhanced instrumentation and automation, aligned with 
WP2/WP3 technical specifications. 

Short KPI observation 
windows 

Early measurements limit robustness. Extended measurement periods and repeated sampling 
in Phase-2 T&Ps. 

Heterogeneous 
questionnaires and 
methods 

Comparability cannot be achieved post-
hoc. 

Standardisation by design: harmonised core 
questionnaires, common scales, and shared protocols. 

Limited stakeholder 
availability and diversity 

Narrow stakeholder pools reduce 
representativeness. 

Expanded and diversified stakeholder engagement, 
representing both demand and supply side.  

Technical partners’ 
difficulty engaging with 
KVIs 

Value concepts require translation and 
guidance. 

Development of KVI guidance material, tutorials, and 
probing templates. 

Mission-critical (PPDR) 
results diverge 

Safety-critical domains require different 
validation logic. 

Introduction of domain-specific validation tracks, 
including stricter KPI thresholds and legacy 
benchmarking. 

Fragmented KPI/KVI data 
handling 

Manual integration limits analysis depth. Exploration of dedicated KPI/KVI tooling for integrated 
data management and analysis. 

Implications for Phase-2 Large-Scale Experimentation 
The refined V&E Framework (V2) will be implemented in Phase-2 T&Ps with the objective of progressing from 
baseline feasibility validation towards consolidated, comparable, and policy-relevant evidence generation. 

Key implications include: 

 Improved KPI maturity, through extended coverage, refined measurement methodologies, and stronger 
automation aligned with WP2 and WP3. 

 More focused and actionable KVI assessment, enabled by prioritised indicators and clearer guidance. 

 Stronger analytical linkage between KPIs and KVIs, supporting more credible impact interpretation. 
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 Reduced evaluation burden on stakeholders while improving data quality and comparability. 

 Tailored validation approaches for mission-critical and high-engagement domains. 

Together, these refinements position the 6G-PATH V&E Framework as a learning, adaptive evaluation 
architecture, capable of supporting robust, scalable, and standardisation-relevant assessment in Phase 2 and 
beyond. The outcomes of the refined framework will be systematically reported in D6.2 and D6.3. 
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5 Implementation of the V&E Framework in 6G-PATH Use Cases 

This section presents how the 6G-PATH V&E Framework has been applied use-case-wise across the ten pilots in 
the Smart Farming, Education, Healthcare and Smart City verticals. The implementation follows a systematic 
structure, combining technical validation, non-technical evaluation, and integrated KPI-KVI analysis for each 
specific use case. This ensures that both technical performance and stakeholder values are assessed consistently 
while respecting the diverse operational environments of each pilot. For every use case, a tailored set of KPIs, 
KVIs, and KVEs is applied, using the common cross-vertical indicators as a baseline. Additional use-case-specific 
KPIs and KVIs are included where relevant to reflect specialised technologies, stakeholders, or contextual needs. 
This approach ensures harmonisation across the project while maintaining contextual sensitivity.  

All use cases conducted a survey-based KVI assessment using structured, predominantly Likert-scale questions. 
To complement the closed-ended survey items, several pilots also carried out interviews and focus group 
discussions to “capture” deeper qualitative insights. This mixed-methods strategy was employed in Phase 1 T&Ps 
as a pilot study to assess whether surveys, interviews, and FGDs could be combined to support reliable 
triangulation. These qualitative components were applied selectively in use cases where stakeholder access, time 
availability, and engagement levels were more favourable. 

Early findings indicate that supporting survey data with qualitative inputs (interviews and FGDs) greatly 
strengthens the credibility of the KVI results, helps interpret unexpected patterns, and provides richer contextual 
information for refining the KVIs and their associated measurement tools. Therefore, while all UCs collected 
survey data, only some UCs were able to implement interviews and focus groups during Phase 1 T&Ps. A more 
complete, robust, and triangulated analysis integrating quantitative and qualitative streams will be fully 
developed and presented in the forthcoming deliverables D6.2 and D6.3, demonstrating longitudinal insights and 
improved measurement consistency. 

In parallel with the non-technical evaluation, each use case conducted a technical validation, comprising KPI 
measurements collected from system logs, telemetry, traffic analysis, edge/cloud monitoring, and other 
performance assessment tools aligned with WP2 and WP3 specifications. These results, already reported in 
D4.149, provide an initial technical baseline confirming the operational feasibility of the implemented solutions 
and their capacity to support value generation. 

The primary focus of the first phase of T&Ps was the implementation, operationalisation, and validation of the 
KVI-based evaluation methodologies, which represent a novel aspect for the project partners and a relatively 
recent evaluation dimension within the SNS JU context. Establishing a consistent and actionable value 
assessment framework across heterogeneous use cases required prioritising stakeholder engagement, data 
collection processes, and KVI definition and measurement practices. Within this context, the use-case-level KPI 
 KVI linkage analysis presented in this chapter provides a first, coherent validation of the Value  Enabler  
Performance logic underpinning the 6G-PATH V&E framework.  

Building on this methodological foundation, the second phase of T&Ps will place stronger emphasis on technical 
evaluation, including extended KPI coverage, refined measurement methodologies, and more comprehensive 
instrumentation, while further strengthening the robustness and maturity of KVI assessments. This phased 
approach ensures that both technical performance and value impact are addressed in a balanced and rigorous 
manner. The resulting enhancements and consolidated outcomes will be reported in D6.2 and D6.3. 

By structuring the analysis for each use case individually, this chapter provides a holistic and practical 
demonstration of how the 6G-PATH V&E framework operates across heterogeneous real-world environments. It 
offers measurable technical outputs, stakeholder value insights, and integrated interpretation, setting the 
foundation for more extensive longitudinal validation in the upcoming D6.2 and D6.3 deliverables. 

 

                                                     
49  See: 6G-PATH Deliverable 4.1: Verticals Experiments – Initials. Available at: https://6gpath.eu/wp-content/uploads/2025/09/6G-

PATH-D4.1-Verticals-Experiments-Initial_v1.0.pdf  

https://6gpath.eu/wp-content/uploads/2025/09/6G-PATH-D4.1-Verticals-Experiments-Initial_v1.0.pdf
https://6gpath.eu/wp-content/uploads/2025/09/6G-PATH-D4.1-Verticals-Experiments-Initial_v1.0.pdf
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5.1 UC-FARM-1 - Water Saving 
This subsection presents the application of the 6G-PATH V&E framework to UC-FARM-1. The assessment 
integrates quantitative survey data, qualitative insights derived from in-depth interviews and FGDs, and technical 
KPI targets, mapped against the relevant KVIs. Results are summarised through a Collapsed Agreement50 (%) 
analysis, followed by triangulated KVI validation and a consolidated KVI-KPI impact analysis, providing an 
evidence-based assessment of both technical performance and value impact. Detailed KPI definitions, complete 
KVI mappings, interviews, FGDs, and survey results are provided in Annex C.  

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The Collapsed Agreement (%) chart in Figure 8 summarises the proportion of respondents who selected Agree 
or Strongly Agree for each KVI, providing a clear indication of perceived value validation across economic, social, 
environmental, and service-quality dimensions.  

Overall, agreement levels are consistently high (≈73–90%), indicating strong stakeholder consensus on the value 
outcomes enabled by the solution. Economic KVIs show the strongest validation, with Productivity & Efficiency 
Gains and Business Growth & Expansion Potential achieving the highest agreement, reflecting clear recognition 
of operational and growth-related benefits. Social and environmental KVIs also demonstrate robust agreement 
(≈73–76%), confirming perceived contributions to public wellbeing, quality of life, and water sustainability. 
Service-quality KVIs, including Perceived System Reliability and Scalability & Remote Control, achieve agreement 
levels above 73%, reinforcing the role of technical performance as a key enabler of value. Collectively, the chart 
supports the robustness of the KVI framework by evidencing broad and cross-dimensional stakeholder alignment 
rather than isolated or domain-specific effects.  

 

Figure 8 : KVI Results-UC-FARM-1-Survey-Collapsed Agreement Chart 

                                                     
50  Collapsed Agreement analysis, primarily in construction delay claims, is a method to determine how much earlier a project would 

have finished if only one party’s delays (e.g., owner delays) were removed from the actual “as-built” schedule, revealing the true time 
impact and potential compensable delay days for the other party. It is a “but-for” analysis, essentially reversing the “impacted as-
planned” method by “collapsing” or removing one party’s delays from the actual project timeline to show the hypothetical, earlier 
completion date and quantify the delays the other party is responsible for. For further information also see, among others: 
https://www.sciencedirect.com/topics/engineering/collapse-analysis    

https://www.sciencedirect.com/topics/engineering/collapse-analysis
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Triangulation of Results 
Table 14 presents a consolidated triangulation of KVI results for UC-FARM-1. This triangulated analysis 
strengthens the evaluation's validity by demonstrating alignment among perceived value, experiential evidence, 
and measured performance. 

Table 14: UC-FARM-1 Triangulation of results 

KVI Survey Trend Interview Insight FGD Insight Interpretation 
 

EC-KVI1: Operational 
Cost Savings 

Strong positive perception 
of cost reduction: labour 
cost reduction (Mean = 
4.25), cost savings via 
automated vehicles (Mean 
= 4.15), majority 
agreement (>75% 
Agree/Strongly Agree). 

Stakeholders stressed 
affordability and 
simplicity as 
prerequisites for 
realising cost benefits. 

FGDs linked efficient 
resource management 
and automation with 
profitability, provided 
tools that remain 
accessible to farmers. 

Survey data confirms 
strong perceived cost-
saving potential; 
qualitative findings show 
realisation depends on 
usability, affordability, 
and effective advisory 
support. 

EC-KVI4: Productivity 
& Efficiency Gains 

Very strong agreement on 
productivity 
enhancement: yield 
prediction (Mean = 4.32), 
automated decision-
making (Mean = 4.16), 
remote control (Mean = 
4.17). 

Interviews emphasised 
early yield prediction 
as a key enabler for 
planning and market 
decisions. 

FGDs highlighted 
productivity gains 
from benchmarking, 
predictive models, 
and real-time decision 
support. 

Productivity gains are 
consistently validated 
across methods; 
predictive analytics and 
real-time automation 
emerge as core enablers. 

ENV-KVI1: Water 
Conservation 

Highest consensus among 
all KVIs: use of sensors for 
water saving (Mean = 
4.33), impact of 6G on 
water saving (Mean = 
4.16), >85% agreement. 

Water efficiency is 
identified as both an 
environmental 
necessity and an 
economic advantage. 

FGDs repeatedly 
identified water as the 
most critical variable 
influencing yield and 
sustainability. 

Water conservation is 
the most robustly 
validated KVI, strongly 
supported by 
quantitative and 
qualitative evidence. 

ENV-KVI4: Climate 
Resilience & 
Adaptation [15] 

Moderate-high agreement 
on resilience improvement 
(Mean = 4.05) and 
environmental impact 
(Mean = 4.16). 

Interviews stressed the 
need for adaptive, 
crop-specific models 
under climate 
variability. 

FGDs emphasised that 
models must 
continuously evolve to 
respond to extreme 
climate events. 

6G-PATH contributes to 
climate resilience, but 
the value depends on 
long-term adaptability 
rather than static 
optimisation. 

SQ-KVI6: Perceived 
System Reliability 

High agreement on the 
importance of real-time, 
automated irrigation 
(Mean = 4.08) and remote 
control (Mean = 4.17). 

Rural connectivity gaps 
were highlighted as a 
major barrier to 
reliable operation. 

FGDs framed 
reliability as 
foundational for trust, 
automation, and food 
security. 

Reliability is a critical 
enabling condition; KPI-
level performance 
(latency, uptime) directly 
shapes perceived value. 

SQ-KVI5: Data / 
Service Accessibility 

Moderate-high agreement 
on real-time data use and 
traceability (Means ≈ 
4.18), with noticeable 
neutral responses (~20-
25%). 

Stakeholders noted 
abundant data 
availability but limited 
capacity to process and 
interpret it. 

FGDs highlighted the 
need to translate data 
into actionable, user-
friendly insights. 

Accessibility challenges 
are cognitive and 
organisational rather 
than technical alone; 
dashboards and 
interpretability tools are 
essential. 

SQ-KVI2: System 
Trustworthiness 

Positive but slightly lower 
confidence: investment 
payback and profit 
generation scored lowest 
(Mean = 3.97). 

Trust is linked to 
transparency, metric 
communication, and 
reliability rather than 
technology alone. 

FGDs emphasised 
ethics, privacy 
awareness, and 
socially responsive 
deployment. 

Trust is conditionally 
positive; sustained trust 
requires transparency, 
explainability, and 
alignment with social 
values. 

SS-KVI7: Technology 
Adoption & Digital 
Uptake 

Strong interest in 
adoption: implementation 
of 5G-6G (Mean = 4.02), 
business expansion (Mean 
= 4.08), but with higher 

Interviews suggested 
digital farming could 
attract younger 
generations to 
agriculture. 

FGDs noted that 
adoption depends on 
simplicity, relevance, 
and support for skills. 

Adoption potential is 
high but uneven; 
training, usability, and 
demonstrable value are 
decisive factors. 
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neutral responses (20-
25%). 

SS-KVI1: Improved 
Public Health & Food 
Security 

Indirect support via strong 
productivity, traceability, 
and resilience scores. 

Interviews linked 
stable production to 
broader societal 
benefits and food 
security. 

FGDs connected 
connectivity-enabled 
farming with secure 
and resilient food 
supply chains. 

Food security impacts 
are indirect but credible, 
emerging through 
stability, productivity, 
and efficient use of 
resources. 

 

Figure 9 presents a triangulated heat map of KVI evidence for UC-FARM-1, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 

Figure 9: Triangulated Evidence Heat Map for KVIs - (UC-FARM-1) 

KVI-KPI impact analysis 
Table 15 presents a consolidated KVI-KPI impact analysis for UC-FARM-1, illustrating how measured, in-target 
technical KPIs influence value outcomes defined by the 6G-PATH KVI V&E framework. The results confirm the 
bidirectional KPI-KVI relationship identified through survey data and supported by interview and FGD 
triangulation, showing how technical evidence substantiates perceived value outcomes and strengthens the 
credibility of the overall evaluation. 

Table 15: UC-FARM-1: KVI-KPI Impact Analysis 

KVI Related KPI(s) Impact Analysis 
 

EC-KVI1: 
Operational Cost 
Savings 

Video bit rate; Dropped 
frames; Packet loss; RTT51 
latency; Battery status 

Stable video transmission with low dropped frames and controlled bitrates 
reduces the need for repeated drone flights and manual inspections, lowering 
labour, energy, and operational costs. Low packet loss and stable RTT latency 
enable efficient remote operations, reducing on-site interventions and fuel 
consumption. 

EC-KVI4: 
Productivity & 
Efficiency Gains 

Video resolution; Frame 
rate; Drone control 
latency; Throughput; 

High-resolution (4K) video and adequate frame rates enable accurate 
phenological analysis at the tree level. Low drone-control latency and sufficient 

                                                     
51  RTT (Round-Trip Time) latency is the total time, measured in milliseconds (ms), for a network request to travel from a source to a 

destination and for a response to return, indicating connection speed and responsiveness, crucial for user experience in gaming, VoIP, 
and web browsing, and affected by distance, network congestion, and infrastructure. While often used interchangeably, RTT includes 
one-way network latency plus processing delays, making it a broader performance measure than just latency. 
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UL/DL peak user data 
rate 

throughput enable timely data acquisition and rapid decision-making, directly 
supporting productivity improvements and more efficient irrigation planning. 

EC-KVI5: Resource 
Efficiency Gains 

Video resolution; Jitter; 
RTT latency; Sensor data 
transmission reliability 
(via network KPIs) 

Consistent video quality and low jitter ensure precise assessment of crop water 
stress, enabling irrigation to be applied only where and when needed. This 
optimises the use of water, energy, and fertilisers, improving overall resource 
efficiency. 

ENV-KVI1: Water 
Conservation 

Video resolution; Frame 
rate; Jitter; RTT latency; 
UL peak user data rate 

Reliable real-time transmission of multispectral imagery and sensor data allows 
accurate detection of hydric stress and phenological stages. Low latency and jitter 
ensure irrigation decisions are based on up-to-date conditions, directly 
contributing to reduced water consumption. 

ENV-KVI4: Climate 
Resilience & 
Adaptation [15] 

Network radio KPIs (RSSI, 
RSRP, RSRQ, SINR52); RTT 
latency; Packet loss 

Stable radio conditions and low packet loss ensure continuous monitoring under 
varying environmental conditions. This enables adaptive irrigation strategies that 
respond to climate variability, supporting long-term resilience rather than static 
optimisation. 

SQ-KVI6: Perceived 
System Reliability 

Packet loss; RTT latency; 
Network radio KPIs; 
Battery status 

Low packet loss, stable latency, and good radio conditions ensure uninterrupted 
drone operations and data flows. Consistent battery performance further 
supports reliable mission execution, reinforcing user perceptions of system 
reliability. 

SQ-KVI5: Data / 
Service 
Accessibility 

UL/DL peak user data 
rate; Throughput; RTT 
latency 

Adequate uplink and downlink data rates, combined with low latency, ensure 
timely access to video streams and analytics outputs. This transforms large data 
volumes into accessible, usable information for farmers and technicians. 

SQ-KVI2: System 
Trustworthiness 

Packet loss; RTT latency; 
Network stability 
indicators (RSSI, SINR); 
Video dropped frames 

Trust is strengthened when system behaviour is predictable and transparent. 
Stable connectivity, low frame loss, and consistent latency reduce uncertainty in 
automated decisions, aligning technical performance with stakeholder 
expectations identified in interviews and FGDs. 

SS-KVI7: 
Technology 
Adoption & Digital 
Uptake 

Video quality KPIs; Drone 
control latency; Ease-of-
operation indicators 
(indirect via stability KPIs) 

High-quality video, responsive drone control, and stable network performance 
improve usability and perceived usefulness. This lowers adoption barriers and 
supports the uptake of digital tools, particularly among younger or more 
technologically oriented farmers. 

SS-KVI1: Improved 
Public Health & 
Food Security 

Video resolution; Frame 
rate; Network reliability 
KPIs; Throughput 

Accurate and timely crop monitoring supports stable yields and efficient resource 
use, contributing indirectly to food security. Reliable system performance ensures 
continuity of monitoring, which stakeholders associate with secure and resilient 
food supply chains. 

5.2 UC-FARM-2 - Smart Vineyards 
This subsection presents the application of the 6G-PATH V&E framework to UC-FARM-2. Results are summarised 
through a Collapsed Agreement (%) analysis, followed by triangulated KVI validation and a consolidated KVI-KPI 
impact analysis. Detailed KPI definitions, complete KVI mappings, interviews, and survey results are provided in 
Annex C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
Figure 10 presents the collapsed agreement levels for selected KVIs in UC-FARM-2. The results show strong 
overall stakeholder agreement across most KVIs, with several indicators including Resource Efficiency Gains, 
Energy Efficiency, and Technology Adoption & Digital Uptake achieving 100% collapsed agreement, indicating 
unanimous perceived value. Economic, social, and service-quality KVIs consistently exceed 85% agreement, 
highlighting broad validation of productivity, user satisfaction, and digital skills benefits, while Soil/Land Health 
and Perceived System Reliability show comparatively lower agreement, suggesting areas for further 
measurement refinement and longer-term assessment. 

                                                     
52  SINR (Signal-to-Interference-plus-Noise Ratio) is a crucial wireless communication metric that measures the quality of a radio link by 

comparing the power of the desired signal to the combined power of interfering signals and background noise, determining how well 
data can be received. 
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Figure 10: KVI Results-UC-FARM-2-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 16 reflects the triangulated conclusion of the interview and survey results of KVI measurements. FGDs 
were not conducted for UC-FARM-2 during Phase 1 T&Ps. Interviews were deliberately used as a pilot qualitative 
method to test feasibility, reliability, and complementarity with survey-based KVI measurement. The strong 
alignment observed between survey trends and interview insights confirms the value of qualitative triangulation. 
Based on these results, FGDs are planned for Phase 2 T&Ps to enable broader collective validation and deeper 
social sense-making across stakeholder groups. 

Table 16: UC-FARM-2 Triangulation of results 

KVI Survey Trend Interview Insight FGD 
Insight 

Interpretation 

SQ-KVI8: Perceived 
Scalability 

High agreement that 6G 
enables remote control, 
automation, and future 
business expansion (mean ≈ 
4.17), indicating positive 
expectations for scalability. 

Stakeholders identified 
practical challenges in scaling 
from experimental plots to 
whole-farm operations; while 
drones reduce fuel use, they 
introduce additional 
preparation and workflow 
complexity. 

N/A Perceived scalability is strong at 
a conceptual level, but 
operational scalability remains 
constrained by workflow 
maturity. Technical capability is 
validated, while organisational 
and process-level optimisation 
is required for large-scale 
deployment. 

SQ-KVI2: System 
Trustworthiness 

Strong overall trust in 6G-
enabled systems and data-
driven decision-making 
(mean ≈ 4.17), with positive 
perceptions of system 
reliability and data accuracy. 

Trust is conditional on local 
validation; stakeholders rely 
more on peer evidence and 
site-specific proof than on 
generic forecasts or vendor-led 
demonstrations. 

N/A Survey results indicate high 
baseline trust, but interviews 
reveal that trust is situational 
and socially mediated. Long-
term adoption depends on local 
pilots, demonstrable accuracy 
under micro-climatic 
conditions, and peer 
endorsement. 

SQ-KVI4: Perceived 
Ease of Use 

Generally positive usability 
perceptions (means >4), but 
with noticeable neutrality 

Interviewees highlighted 
technological complexity, 
interoperability issues, and the 

N/A While users recognise the 
benefits of the system, ease of 
use is constrained by 
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among some respondents 
regarding system complexity 
and learning effort. 

need for intermediary 
“translation” services to make 
outputs usable for farmers. 

integration and usability gaps. 
Simplified interfaces, 
interoperable platforms, and 
service-based delivery models 
are critical to improving 
perceived usability. 

SS-KVI7: Increased 
Technology 
Adoption & Digital 
Uptake 

Very strong agreement on 
positive attitudes toward 
technology and data in 
agriculture (mean up to 
4.86), and high willingness to 
adopt digital farming tools. 

Adoption is most effective 
through service-based or 
subscription models, with 
larger organisations acting as 
knowledge hubs for smaller or 
older farmers. 

N/A Quantitative and qualitative 
evidence consistently confirms 
high adoption potential. 
Adoption is driven less by 
ownership of technology and 
more by accessible service 
models and trusted 
intermediaries. 

ENV-KVI2: Energy 
Efficiency 

High agreement that edge 
computing and AI improve 
resource efficiency and 
reduce waste (means >4.5), 
indicating strong perceived 
environmental benefit. 

Stakeholders expressed 
uncertainty about the full 
lifecycle impacts of battery-
based and electric systems 
compared to diesel, calling for 
clearer sustainability evidence. 

N/A Environmental efficiency 
benefits are strongly perceived 
in operational terms, but 
lifecycle sustainability remains 
insufficiently evidenced. Future 
assessments should integrate 
lifecycle analysis to strengthen 
environmental credibility. 

 

Figure 11 presents a triangulated heat map of KVI evidence for UC-FARM-2, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

Figure 11: Triangulated Evidence Heat Map for KVIs - (UC-FARM-2) 

KVI-KPI impact analysis 
Table 17 presents a consolidated KVI-KPI impact analysis for UC-FARM-2, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

Table 17: UC-FARM-2 KPIs' impact on KVIs 

KVI Related KPIs Impact Analysis 
 

EC-KVI1: Operational 
Cost Savings 

Reduction of data transferred from 
property to cloud, reduction of 
cost in processing operations, 
increase in data processing time 
on-site (edge vs. cloud). 

These KPIs demonstrate how edge-based intelligence directly 
converts technical optimisation into economic value. By substantially 
reducing cloud data transfer and external processing dependency, 
the system lowers recurring operational expenses while preserving 
near-equivalent processing performance. This supports a clear value 
proposition for farmers, where digital intelligence reduces input 
costs without introducing latency-driven inefficiencies. 

EC-KVI4: Productivity 
& Efficiency Gains 

Reduce processing time of one 
request, farm coverage using 
AGVs/AAVs, and an increase in 
data processing time on-site (edge 
vs cloud). 

Reduced processing latency and expanded spatial coverage enable 
faster, more informed operational decisions across the farm. These 
KPIs translate into higher labour productivity and more efficient 
workflows, reducing manual intervention and allowing farmers to 
manage larger areas with the same or fewer resources, a key 
productivity gain highlighted in both survey and interview data. 

EC-KVI5: Resource 
Efficiency Gains 

Reduction of data transferred to 
the cloud, reduction of cost in 
processing operations, and 

Efficient use of compute, network, and energy resources is 
evidenced through lower data transmission volumes and faster local 
processing. These KPIs underpin value creation by minimising digital 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 54  

reduction of the processing time of 
one request. 

and physical resource waste, reinforcing the perception that 6G-
enabled edge systems support economically and environmentally 
responsible farming operations. 

ENV-KVI1: Water 
Conservation 

Soil moisture accuracy compared 
to ground control, reduce 
processing time of one request. 

High soil-moisture prediction accuracy combined with low-latency 
analytics enables irrigation decisions that are both precise and 
timely. This directly supports water conservation by preventing over-
irrigation and aligning water use with actual crop needs, a value 
dimension strongly confirmed by survey consensus and identified as 
the core benefit of the use case. 

SQ-KVI6: Perceived 
System Reliability 

Soil moisture accuracy compared 
to ground control, reduce 
processing time of one request. 

Reliable and accurate system outputs are fundamental to trust in 
automated decision-making. These KPIs demonstrate that technical 
accuracy and stable performance underpin user confidence, 
validating that the system can be relied upon for mission-critical 
farming decisions such as irrigation scheduling and stress detection. 

SQ-KVI8: Perceived 
Scalability 

Farm coverage using AGVs/AAVs, 
reduction of data transferred from 
property to cloud. 

The ability to maintain performance while expanding spatial 
coverage shows that the solution can scale beyond pilot plots to full-
farm deployments. Reduced cloud dependency ensures that scaling 
does not introduce proportional increases in cost or complexity, 
directly addressing scalability concerns raised during interviews. 

SQ-KVI4: Perceived 
Ease of Use 

Reduce processing time of one 
request, reduction of data 
transferred to cloud. 

Faster system response and reduced reliance on external cloud 
services simplify user interaction and operational workflows. These 
KPIs support perceived ease of use by lowering cognitive and 
technical burdens on farmers, reinforcing the need for outcome-
oriented, service-based adoption models highlighted in qualitative 
findings. 

SS-KVI7: Increased 
Technology Adoption 
& Digital Uptake 

Farm coverage using AGVs/AAVs, 
reduction of cost in processing 
operations. 

Demonstrable cost savings and large-area operational capabilities 
strengthen the case for adoption of digital farming technologies. 
These KPIs translate technical performance into tangible benefits 
that encourage uptake, particularly when delivered through 
subscription or service models that reduce upfront investment 
barriers. 

5.3 UC-EDU-1 - XR Rural School 
This subsection presents the application of the 6G-PATH V&E framework to UC-EDU-1. Results are summarised 
through a Collapsed Agreement (%) analysis, followed by triangulated KVI validation and a consolidated KVI-KPI 
impact analysis. Detailed KPI definitions, complete KVI mappings, interviews, and survey results are provided in 
Annex C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
Figure 12 shows consistently high positive perception across service quality and social KVIs, with the strongest 
agreement observed for learning effectiveness, digital skills development, and content quality, confirming the 
educational value of XR-enabled learning in rural contexts. 
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Figure 12: KVI Results-UC-EDU-1-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 18 reflects the triangulated conclusion of interviews, FGDs and survey results of KVI measurements.  

Table 18: UC-EDU-1 Triangulation of results 

KVI  Survey Trend Interview Insight FGD Insight Interpretation 
 

SQ-KVI9: 
Interactive 
Experience Quality 

73-75% agreement 
that XR increases 
engagement 

Teachers consistently 
reported higher student 
attention, participation, and 
motivation during XR-
enabled lessons. 

Students expressed high 
enthusiasm and active 
involvement, describing 
XR as immersive and 
engaging. 

Strong multi-method 
convergence confirms that 
XR-enabled learning 
significantly enhances 
interactive experience 
quality and classroom 
engagement. 

SQ-KVI4: 
Perceived Ease of 
Use 

66-80% agreement 
on ease of use and 
usability 

Teachers reported 
becoming confident after 
only 1-2 XR sessions, despite 
minor initial setup 
challenges. 

Students found XR 
devices intuitive and easy 
to interact with during 
lessons. 

Overall usability is high, 
with a short and 
manageable learning curve 
that diminishes rapidly with 
limited exposure. 

SQ-KVI10: Content 
Quality 

~76-85% 
agreement that XR 
supports learning 
objectives 

Teachers highlighted strong 
curriculum alignment of XR 
content, particularly for 
geography and science 
subjects. 

Students noted improved 
understanding of 
complex topics and 
higher lesson relevance. 

XR content demonstrates 
strong pedagogical quality, 
reinforcing its relevance, 
clarity, and educational 
value. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

~73% agreement 
that XR improves 
inclusiveness 

Teachers emphasised that 
XR provides rural students 
access to learning 
experiences otherwise 
unavailable due to 
geographic and resource 
constraints. 

Students confirmed 
exposure to 
environments and 
phenomena “never seen 
before”. 

XR contributes 
meaningfully to digital 
inclusion, reducing 
experiential and access-
related inequalities in rural 
education contexts. 

EC-KVI5: Resource 
Efficiency Gains 

87% expressed 
willingness to 
reuse XR resources 

All interviewed teachers 
indicated strong intention to 
reuse XR in future teaching. 

Students were eager for 
more frequent XR-based 
lessons. 

High reuse intention 
indicates efficient 
utilisation of digital 
resources, supporting 
sustainability and long-
term adoption potential. 
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SS-KVI2: Enhanced 
Quality of Life 

Discomfort 
reported by <10% 
of respondents 

Teachers deliberately 
limited session duration to 
ensure student comfort and 
wellbeing. 

Students preferred 
shorter XR sessions while 
still valuing the 
experience. 

XR use is safe and 
acceptable when applied 
within recommended 
session durations, 
supporting positive learner 
wellbeing. 

 

Figure 13 presents a triangulated heat map of KVI evidence for UC-EDU-1, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 

Figure 13: Triangulated Evidence Heat Map for KVIs - (UC-EDU-1) 

KVI-KPI impact analysis 
Table 19 presents a consolidated KVI-KPI impact analysis and demonstrates a clear causal linkage between 
technical KPI performance and the realisation of social, service-quality, and economic KVIs, confirming that 
network reliability, operational efficiency, and safety parameters are critical enablers of XR-driven educational 
value in rural contexts. 

Table 19: UC-EDU-1 -KPIs' impact on KVIs 

KVI Related KPI(s) Impact Analysis 
 

SQ-KVI9: Interactive 
Experience Quality 

Network Latency; Device 
Sync Rate; Wi-Fi 
Performance 
(Bandwidth) 

Low network latency and sufficient per-device bandwidth ensure real-time 
rendering of XR content without lag, while high device synchronisation rates 
enable coherent, shared immersive experiences across multiple headsets. 
Together, these KPIs directly support high-quality interactive XR learning 
and sustained classroom engagement. 

SQ-KVI4: Perceived Ease 
of Use 

Setup Time; Device Sync 
Rate 

Reduced setup time lowers operational complexity for teachers, while 
reliable device synchronization minimizes technical interruptions. Achieving 
these KPIs shortens the learning curve and reinforces teachers’ perception 
that XR systems are practical and easy to use in real classroom settings. 

SQ-KVI10: Content 
Quality 

Network Latency; 
Session Uptime; Wi-Fi 
Performance 
(Bandwidth) 

Stable connectivity and uninterrupted sessions ensure that curriculum-
aligned XR content is delivered smoothly and completely. These KPIs 
preserve content fidelity, visual clarity, and continuity, which are critical for 
teachers’ and students’ perception of educational relevance and quality. 

SQ-KVI6: Perceived 
System Reliability 

Session Uptime; Network 
Latency; Device Sync 
Rate 

High session uptime and consistent latency demonstrate system stability 
during XR lessons, while strong synchronization confirms reliable 
orchestration of devices. Meeting these KPIs builds user trust in the 
system’s reliability and suitability for repeated classroom use. 

SS-KVI3: Digital 
Inclusion & Accessibility 

Wi-Fi Performance 
(Bandwidth); Session 
Uptime; Network 
Latency 

Ensuring minimum bandwidth and stable sessions allows rural schools to 
access the same XR learning experiences as better-connected urban schools. 
These KPIs enable equitable access to immersive education, directly 
contributing to reduced digital and experiential exclusion. 

SS-KVI6: Improved 
Digital Skills & 
Competency 

Setup Time; Device Sync 
Rate; XR Session 
Duration 

Efficient setup processes and reliable device coordination support teachers’ 
confidence in managing XR sessions, while appropriate session durations 
allow repeated, safe exposure. Together, these KPIs facilitate skill 
development and digital competence among teachers and students. 
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SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Setup Time; Session 
Uptime; Device Sync 
Rate 

When XR sessions can be set up quickly and run reliably, teachers are more 
willing to integrate the technology into routine teaching. These KPIs lower 
adoption barriers and reinforce positive attitudes toward continued XR use. 

SS-KVI2: Enhanced 
Quality of Life 

XR Session Duration; 
Session Uptime 

Monitoring and optimising XR session duration ensures learner comfort and 
wellbeing, while uninterrupted sessions reduce frustration and cognitive 
overload. Achieving these KPIs supports positive learning experiences and 
safeguards students’ physical and emotional comfort. 

EC-KVI5: Resource 
Efficiency Gains 

Setup Time; Session 
Uptime; Device Sync 
Rate 

Reduced preparation time and reliable session execution improve efficient 
use of teaching time and shared XR resources. These KPIs demonstrate that 
XR content and infrastructure can be reused effectively across lessons, 
supporting sustainable resource utilisation. 

5.4 UC-EDU-2 - Classroom of the Future 
This subsection presents the application of the 6G-PATH V&E framework to UC-EDU-2. Detailed KPI definitions, 
complete KVI mappings, interviews, FGD, and survey results are provided in Annex C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The collapsed agreement analysis chart (Figure 14) shows strong validation of social and service-quality KVIs, 
with high agreement for academic performance, digital skills, inclusion, content quality, and interactive 
experience (≈80–88%), highlighting clear perceived educational value. In contrast, economic KVIs show more 
moderate agreement (56–60% for cost savings and productivity), suggesting that financial benefits are less 
immediately observable in this use case, while still supported by improvements in resource efficiency (80%). 
Overall, the results reinforce the role of service quality and learning effectiveness as primary value drivers, with 
economic impacts likely to materialise over longer observation periods. 

 

Figure 14: KVI Results-UC-EDU-2-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 20 reflects the triangulated conclusion of interviews, FGDs and survey results of UC-EDU-2 KVI 
measurements.  
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Table 20: UC-EDU-2 Triangulation of results 

KVI Survey Trend Interview Insight FGD Insight Interpretation 
 

EC-KVI1: Operational 
Cost Savings 

36% strongly agreed, 
and 20% agreed that 
XR reduces long-term 
operational costs, 
while 32% remained 
neutral, indicating 
cautiously positive but 
mixed perceptions. 

Academic staff reported 
that XR can replace 
expensive physical labs 
and reduce equipment 
wear, though high initial 
development and setup 
costs were highlighted. 

Students acknowledged 
cost benefits from 
virtualisation and 
shared access but noted 
that differences in 
learning styles and 
preparation effort may 
affect efficiency. 

Moderate but positive 
economic impact: XR is 
perceived to reduce 
long-term operational 
costs, particularly by 
replacing physical 
infrastructure, but initial 
investment and setup 
effort temper full 
realisation of savings. 

EC-KVI5: Resource 
Efficiency Gains 

Strong agreement: 52% 
strongly agreed, and 
28% agreed that XR 
improves utilisation of 
digital learning 
resources. 

Interviews emphasised 
efficient reuse of XR 
modules and digital 
twins across cohorts 
without downtime or 
physical degradation. 

Students highlighted 
shared access to virtual 
equipment and 
simultaneous multi-user 
utilisation as key 
benefits. 

Very strong 
convergence across 
methods confirms that 
XR significantly 
improves resource 
efficiency through 
scalability, reuse, and 
shared access. 

EC-KVI4: Productivity 
and Efficiency Gains 

Perceptions were more 
cautious: 40% neutral, 
36% agreed, and 24% 
strongly agreed, 
indicating mixed views 
on productivity gains. 

Academic staff noted 
reduced repetitive tasks 
and faster delivery once 
XR is established, but a 
higher initial preparation 
effort. 

Students felt XR speeds 
up understanding of 
complex concepts, while 
acknowledging that 
preparation may initially 
take longer. 

Partial productivity 
gains realised: XR 
enhances learning 
efficiency and reduces 
repetition, but upfront 
effort limits immediate 
productivity 
improvements. 

SS-KVI6: Improved 
Digital Skills & 
Competency 

Strong agreement: 52% 
agreed, and 28% 
strongly agreed that XR 
enhances practical and 
theoretical skills. 

Interviews reported 
improved technical, 
spatial, and procedural 
skills through immersive 
and embodied learning. 

Students indicated 
increased confidence in 
completing assignments 
and understanding 
advanced networking 
concepts. 

Consistently strong 
evidence shows XR 
effectively enhances 
digital and technical 
competencies across 
learner groups. 

SS-KVI2: Enhanced 
Quality of Life (via 
learning outcomes) 

44% strongly agreed, 
and 40% agreed that 
XR improves academic 
performance, showing 
a very strong positive 
perception. 

Academic staff linked XR 
to higher retention, safer 
practice, and improved 
exam performance. 

Students reported a 
clearer understanding 
of complex topics and 
reduced frustration 
during learning. 

Strong social impact 
validated: XR improves 
academic outcomes and 
learner experience, 
contributing to 
enhanced educational 
quality and confidence. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Very strong 
agreement: 56% 
strongly agreed, and 
24% agreed that XR 
improves accessibility 
and collaboration 
across locations. 

Interviews highlighted 
benefits for remote and 
disabled learners, while 
noting device cost and 
connectivity as barriers. 

Students confirmed XR 
enables participation 
beyond physical 
constraints and 
location. 

High inclusion impact 
with structural 
constraints: XR clearly 
enhances accessibility, 
though affordability and 
connectivity remain 
limiting factors. 

SQ-KVI1: User 
Satisfaction 

Majority positive: 44% 
agreed and 32% 
strongly agreed that XR 
increases satisfaction 
with the learning 
environment. 

Academic staff 
expressed high 
satisfaction due to 
improved engagement 
and teaching 
effectiveness. 

Students described XR 
sessions as more 
enjoyable and impactful 
than traditional 
lectures. 

Strong satisfaction 
outcome: XR delivers a 
clearly positive user 
experience for both 
students and educators. 

SQ-KVI9: Interactive 
Experience Quality 

Strong agreement: 52% 
agreed, and 36% 
strongly agreed that XR 

Interviews highlighted 
immersion, embodied 
interaction, and 

Students reported 
higher attention and 
longer engagement 

Very strong alignment 
confirms XR’s ability to 
deliver high-quality 
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improves interactivity 
and engagement. 

motivation as key 
strengths. 

during XR-based 
sessions. 

interactive learning 
experiences. 

SQ-KVI10: Content 
Quality 

High endorsement: 
44% agreed, and 40% 
strongly agreed on 
improved content 
relevance and quality. 

Academic staff noted 
XR’s strength in 
visualising complex 
systems through realistic 
digital twins. 

Students emphasised 
the clarity and realism 
of 3D models compared 
to slides. 

Robust evidence shows 
XR significantly 
improves perceived 
content quality and 
pedagogical clarity. 

SQ-KVI4: Perceived 
Ease of Use 

Mixed but positive: 
agreement outweighed 
disagreement, though 
neutrality remained 
notable for setup-
related items. 

Interviews indicated a 
short learning curve, 
with confidence 
improving after initial 
sessions. 

Students found XR 
intuitive once they were 
familiar with it but 
acknowledged the setup 
effort. 

Overall usability is high, 
with the initial 
operational learning 
curve diminishing 
quickly through use. 

SQ-KVI7: Perceived 
Responsiveness 
(learning efficiency 
proxy) 

Learning efficiency 
received the strongest 
support: 60% strongly 
agreed, and 24% 
agreed. 

Academic staff linked 
immersive 
responsiveness to faster 
comprehension and 
reduced explanation 
time. 

Students reported 
quicker understanding 
of complex topics due 
to responsive, 
immersive visualisation. 

Very strong service-
quality impact: XR’s 
responsiveness directly 
supports efficient and 
effective learning. 

 

Next figure presents a triangulated heat map of KVI evidence for UC-EDU-2, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 

Figure 15: Triangulated Evidence Heat Map for KVIs - (UC-EDU-2) 

KVI-KPI impact analysis 
Table 21 presents a consolidated KVI-KPI impact analysis for UC-EDU-2, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

Table 21: UC-EDU-2-KPIs' impact on KVIs  

KVI Related KPI Impact Analysis 
 

EC-KVI1: 
Operational Cost 
Savings 

Newly Developed XR App Creating reusable XR teaching materials reduces dependence on costly physical 
labs and specialised equipment. Achieving the target number of XR apps enables 
repeated use across cohorts, lowering marginal delivery costs over time and 
supporting long-term operational savings. 

EC-KVI5: Resource 
Efficiency Gains 

Newly Developed XR App; 
Visualised Devices; 
Visualised Connections 

A greater number of XR materials and large-scale virtualised 
devices/connections enable the shared, simultaneous use of digital resources by 
many students. This maximises utilisation efficiency compared to physical labs 
with limited capacity and wear-and-tear constraints. 

EC-KVI4: 
Productivity and 
Efficiency Gains 

Newly Developed XR App; 
Key Technological 
Concept Visualisation 

The availability of ready-made XR modules and clear visualisation of complex 
5G/B5G concepts reduces the effort required for repetitive explanations and 
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accelerates learning. This supports faster lesson delivery and improved teaching 
productivity once initial development is complete. 

SS-KVI6: Improved 
Digital Skills & 
Competency 

Key Technological 
Concept Visualisation; 
Visualised Devices 

Visualising core B5G technologies and large-scale network components enables 
hands-on, experiential learning. Achieving these KPIs directly supports the 
development of students’ technical, spatial, and analytical skills beyond what 
static teaching materials allow. 

SS-KVI2: Enhanced 
Quality of Life 

Key Technological 
Concept Visualisation; 
Key Business Scenario 
Visualisation 

Clear visualisation of complex technical and business concepts reduces cognitive 
overload and frustration during learning. This improves learner confidence, 
satisfaction, and overall educational experience, contributing to enhanced 
academic well-being. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Newly Developed XR App XR teaching materials enable remote, flexible access to advanced learning 
experiences, regardless of physical lab availability or location. Achieving this KPI 
supports inclusive participation across institutions and student groups. 

SQ-KVI9: 
Interactive 
Experience Quality 

Visualised Devices; 
Visualised Connections 

Large-scale, interactive visualisation of devices and connections enables 
immersive, exploratory learning experiences. Meeting these KPIs directly 
enhances interactivity, realism, and student engagement compared to 
traditional static representations. 

SQ-KVI10: Content 
Quality 

Key Technological 
Concept Visualisation; 
Key Business Scenario 
Visualisation 

Visualising multiple technological concepts and business roles improves clarity, 
relevance, and pedagogical richness of learning content. These KPIs ensure XR 
materials meaningfully support understanding of both technical and socio-
economic aspects of B5G systems. 

SQ-KVI7: Perceived 
Responsiveness 

Visualised Devices; 
Visualised Connections 

Real-time interaction with complex network topologies and connections 
enhances perceived system responsiveness, allowing students to immediately 
observe the effects of configuration or structural changes within XR 
environments. 

SQ-KVI1: User 
Satisfaction 

Newly Developed XR App; 
Content & Concept 
Visualisation KPIs (all) 

When XR materials are available, interactive, and clearly visualise complex 
concepts, users report higher satisfaction with the learning environment. 
Collectively achieving these KPIs reinforces positive user perception and 
acceptance of XR-based teaching. 

5.5 UC-EDU-3 - XR Health Training 
This subsection presents the application of the 6G-PATH V&E framework to UC-EDU-3. Detailed KPI definitions, 
complete KVI mappings, interviews, FGD, and survey results are provided in Annex C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The Collapsed Agreement (%) analysis (Figure 16) indicates a differentiated value profile for UC-EDU-3. The 
strongest agreement is observed for operational cost savings and technology adoption potential, followed by 
improvements in health education and public safety, reflecting the perceived benefits of immersive remote 
training. In contrast, ease of use and perceived system reliability show lower agreement, highlighting the impact 
of technical constraints encountered during early trials and underlining the need for system refinement in 
subsequent project phases. 
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Figure 16: Results-UC-EDU-3-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 22 reflects the triangulated conclusion from FGD and KVI survey results. Interviews were not conducted 
during Phase 1 T&Ps. FGDs were deliberately used as a pilot qualitative method to test feasibility, reliability, and 
complementarity with survey-based KVI measurement. The strong alignment observed between survey trends 
and FGD insights confirms the value of qualitative triangulation. Based on these results, Phase 2 interviews are 
planned to enable broader collective validation and deeper social sense-making across stakeholder groups. 

Table 22: UC- EDU-3 Triangulation of results 

KVI Survey Trend (KV Perception) FGD Insight Interviews Interpretation 
 

EC-KVI1: 
Operational Cost 
Savings 

The majority of respondents 
believe that digital simulation and 
remote training have the 
potential to reduce overall 
training costs by lowering 
dependence in-person sessions, 
and repeated logistics. 

FGDs confirmed that 
participants believe 
reusable digital 
scenarios and reduced 
need for physical setups 
could lower long-term 
training costs, despite 
initial setup 
considerations. 

N/A (Phase 
1) 

There is consistent 
evidence that participants 
believe that 5G/6G-
enabled digital simulation 
can reduce training costs 
over time, with value 
increasing as scenarios are 
reused and scaled. 

EC-KVI4: 
Productivity and 
Efficiency Gains 

Survey results show high 
agreement (4.3-4.4/5.0) that 
digital simulation positively 
impacts educational quality and 
efficiency. 

FGD participants noted 
the system “offers a 
quick way to learn” and 
could “support more 
advanced scenarios”. 

N/A (Phase 
1) 

Perceived efficiency gains 
are highly supported, by 
survey responses and 
FGDs. However, this 
perception is contingent on 
technical stability -
reliability scores dropped 
from 4.4 to 2.3 when 
technical issues occurred, 
undermining training 
effectiveness. 

SS-KVI1: Improved 
Public Health & 
Safety 

Surveys indicate a strong belief 
that improved training quality 
enhances patient safety and the 
quality of care by better preparing 
medical staff. 

FGDs linked realistic 
scenarios and situational 
awareness to safer 
prehospital and 
emergency care 
practices. 

N/A (Phase 
1) 

Evidence converges that 
participants believe that 
improved training enabled 
by 5G/6G can contribute, 
indirectly but credibly, to 
public health and patient 
safety outcomes. 
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SS-KVI6: Improved 
Digital Skills & 
Competency 

Strong positive scores for 
situational awareness, patient 
assessment, decision-making, 
communication, and execution 
across staff and student trials. 

FGDs confirmed that 
digital simulation 
supports skill 
acquisition, particularly 
for complex and time-
critical medical 
situations. 

N/A (Phase 
1) 

Digital simulation 
demonstrably strengthens 
digital and clinical 
competencies, especially 
when aligned with realistic 
medical workflows. 

SS-KVI7: Increased 
Technology 
Adoption & Digital 
Uptake 

Surveys show generally positive 
technology acceptance, with 
students especially willing to 
reuse digital simulation tools. 

FGDs indicated 
openness to adoption, 
while noting that 
technical reliability and 
usability are “key” to 
sustained uptake. 

N/A (Phase 
1) 

Adoption potential is high, 
particularly among digitally 
familiar users, but it 
depends on resolving 
usability and reliability 
issues. 

SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

User satisfaction was mixed: 
lower among staff in trials 
affected by technical issues, but 
very high among students with 
stable system performance. 

FGDs clearly linked 
satisfaction to 
video/audio quality, 
camera placement, and 
clarity of information 
presentation. 

N/A (Phase 
1) 

User satisfaction is strongly 
performance-dependent; 
when technical quality is 
high, perceived value and 
satisfaction are very 
strong. 

SQ-KVI4: Perceived 
Ease of Use 

Survey and SUS results show 
moderate to low ease-of-use 
ratings in trials with technical 
issues, and high ratings when 
systems ran smoothly. 

FGDs identified camera 
handling, information 
overload, and setup 
complexity as key 
usability challenges. 

N/A (Phase 
1) 

Ease of use is a critical 
barrier and enabler; 
usability improvements are 
essential for acceptance 
and routine deployment. 

SQ-KVI6: Perceived 
System Reliability 

Reliability scores were low in trials 
affected by interruptions, video 
instability, and equipment 
failures, but high when systems 
operated without disruption. 

FGDs repeatedly 
stressed that 
interruptions, poor 
video, and audio issues 
undermine confidence in 
the system. 

N/A (Phase 
1) 

Reliability is a foundational 
requirement; without 
consistent performance, 
other value dimensions are 
significantly weakened. 

SQ-KVI9: Interactive 
Experience Quality 

Survey results indicate strong 
perceived benefits from digital 
training when technical quality is 
sufficient.  

FGDs emphasised the 
importance of camera 
angles, sound quality, 
scenario context, and 
manageable information 
flow for interactivity. 

N/A (Phase 
1) 

Interactive experience 
quality is a major value 
driver identified in FGDs, 
but it is highly sensitive to 
technical and design 
choices.  Survey data for 
students did not include a 
direct interactivity 
measure, but the high 
PGRS scores suggest 
effective engagement with 
scenarios but do not 
directly measure 
interactivity perception. 

 

The next figure (Figure 17) presents a triangulated heat map of KVI evidence for UC-EDU-3, consolidating survey, 
interview, and focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 63  

 

Figure 17: Triangulated Evidence Heat Map for KVIs - (UC-EDU-3) 

KVI-KPI impact analysis 
Table 23 presents a consolidated KVI-KPI impact analysis for UC-EDU-3, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

Table 23: UC-EDU-3 KPIs' impact on KVIs 

KVI  Related KPI(s) Impact Analysis 
 

EC-KVI1: Operational Cost 
Savings 

Uplink capacity, Video 
Quality, Video Delay 

Sufficient uplink capacity and stable video quality enable remote XR-based 
training without the need for physical presence or additional equipment, 
directly supporting reductions in training delivery costs. Adequate latency 
performance acts as an enabling condition by supporting uninterrupted 
sessions and reducing the need for repetition or additional instructor 
intervention. 

EC-KVI4: Productivity and 
Efficiency Gains 

E2E Latency, Packet 
loss rate, Video Delay 

Low end-to-end latency and minimal packet loss enable smooth interaction 
with the manikin and uninterrupted training flows, improving session 
efficiency and allowing more effective use of time and resources. 

SS-KVI6: Improved Digital 
Skills & Competency 

Video Quality, Video 
Delay, Uplink capacity 

High video quality and low latency enhance realism and clarity in training 
scenarios, supporting skill acquisition and learning outcomes, as reported 
positively by participants. 

SS-KVI3: Digital Inclusion 
& Accessibility 

Coverage (RSRP, 
RSRQ), Video Quality 

Adequate radio coverage and consistent video quality ensure that training 
sessions remain accessible across locations, supporting inclusive 
participation in remote education scenarios. 

SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Reliability (Packet loss 
rate), Video Quality, 
E2E Latency 

Reliable transmission and acceptable video quality reduce user frustration 
and technical barriers, reinforcing confidence in digital simulation tools and 
encouraging continued adoption. 

SS-KVI11: Enhanced User 
Satisfaction & Perceived 
Value 

Video Quality, Video 
Delay, E2E Latency 

Smooth, realistic, and responsive training experiences drive high perceived 
value. Improvements in video quality and latency directly address usability 
concerns highlighted in FGDs. 

SQ-KVI1: User Satisfaction Video Quality, Video 
Delay, Packet loss rate 

Stable video streams with low delay and minimal packet loss strongly 
influence user satisfaction, as disruptions were explicitly linked to lower 
satisfaction scores during trials. 

SQ-KVI4: Perceived Ease of 
Use 

Video Quality, E2E 
Latency, Packet loss 
rate 

When video feeds are clear and interaction latency is low, the system feels 
easier to use, reducing cognitive load and the need for technical assistance 
reported during early trials. 

SQ-KVI6: Perceived System 
Reliability 

Packet loss rate, 
Coverage (RSRP, 
RSRQ), Uplink capacity 

Low packet loss and adequate coverage underpin a reliable training 
experience. Interruptions caused by video or connectivity issues were 
directly reflected in lower reliability perceptions. 

SQ-KVI9: Interactive 
Experience Quality 

E2E Latency, Video 
Delay, Video Quality 

Real-time responsiveness and visual clarity are essential for immersive 
interaction with medical scenarios, directly supporting perceived 
interactivity and realism highlighted in FGDs. 
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5.6 UC-HEALTH-1 - 3D Hydrogel Patches 
This subsection presents the application of the 6G-PATH V&E framework to UC-HEALTH-1. Detailed KPI 
definitions, complete KVI mappings, interviews, FGD, and survey results are provided in Annexe C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
Collapsed agreement analysis chart as presented in Figure 18 demonstrates consistently high stakeholder 
agreement across social and service-quality KVIs, with particularly strong validation for digital inclusion & 
accessibility (88.10%), public health & safety (86.10%), and user satisfaction (86.40%). Economic KVIs also show 
solid agreement (≈72–79%), indicating recognised gains in cost savings, productivity, and resource efficiency, 
albeit to a lesser extent than societal impacts. Overall, the results highlight that perceived social value and user 
experience are the dominant value drivers, with economic benefits emerging in parallel.  

 

Figure 18: KVI Results-UC-HEALTH-1-Survey-Collapsed Agreement Chart 

Triangulation of Results 
As UC-HEALTH-1 is in an initial phase T&Ps, triangulation is based on quantitative survey data and FGDs (Table 
24). Interview-based validation will be conducted in the next phase T&Ps to strengthen causal interpretation and 
external validity of the observed KVI impacts.  

Table 24: UC-HEALTH-1 Triangulation of results 

KVI Survey Trend Interview 
Insight 

FGD Insight Interpretation 

EC-KVI1: Operational 
Cost Savings 

A clear majority agreed that 
hospital stays, patient travel, 
and medical equipment and 
maintenance costs can be 
reduced, with the strongest 
agreement for reduced 
hospitalisation and travel 
time. 

N/A  
(Phase 1) 

Participants highlighted 
that customised 3D-
printed patches reduce 
unnecessary material use 
and avoid repeat 
prescriptions, indirectly 
supporting cost efficiency. 

Survey and FGD evidence 
converge on perceived cost-
saving potential, particularly 
through reduced 
hospitalisation and material 
waste. However, these 
represent anticipated 
economic benefits rather than 
measured cost reductions. 

EC-KVI4: Productivity 
and Efficiency Gains 

Most respondents agreed 
that time spent on travel, 
waiting, documentation, and 
administrative tasks can be 

N/A  
(Phase 1) 

FGDs emphasised that on-
site or in-vehicle patch 
printing, along with digital 
documentation, streamline 

Strong perceived productivity 
gains are identified, especially 
in reduced waiting and 
documentation time. These 
gains are viewed as 
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reduced for both patients 
and providers. 

workflows and reduce 
delays. 

operational improvements but 
are not yet empirically 
quantified. 

EC-KVI5: Resource 
Efficiency Gains 

The majority agreed that 
personal and professional 
resources can be used more 
efficiently without requiring 
wound specialists to be 
physically present. 

N/A  
(Phase 1) 

Participants described task 
reallocation, in which 
nurses provide routine 
care supported by digital 
tools, allowing specialists 
to focus on complex cases. 

Consistent quantitative and 
qualitative signals suggest 
improved resource allocation 
and more efficient use of 
skilled personnel, indicating 
high potential for resource 
efficiency. 

SS-KVI1: Improved 
Public Health & 
Safety 

Most respondents agreed 
that fewer hospitalisations 
and timely digital follow-ups 
can reduce complications 
and nosocomial infections. 

N/A  
(Phase 1) 

FGDs stressed evidence-
based wound assessment 
and early intervention 
enabled by continuous 
monitoring, supporting 
safer care pathways. 

Perceptions indicate potential 
public-health benefits, 
particularly in infection 
prevention and early 
management of complications, 
though these outcomes are 
not yet clinically validated. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

A strong majority agreed 
that telehealth reduces 
travel burdens and improves 
access to care, especially for 
patients in remote or 
underserved areas. 

N/A  
(Phase 1) 

Participants highlighted 
mobile and on-site patch 
printing as enabling timely 
access to appropriate care 
without reliance on 
delayed prescriptions. 

Clear convergence indicates 
that the solution is perceived 
as improving healthcare 
accessibility through location-
independent service delivery. 

SS-KVI2: Enhanced 
Quality of Life 

High agreement that home-
based wound care reduces 
pain, fewer journeys, and 
less waiting, improving 
patients’ quality of life. 

N/A  
(Phase 1) 

FGDs reported improved 
comfort due to tailored 
wound treatment and 
fewer unnecessary 
dressing changes. 

Strong and consistent 
evidence suggests meaningful 
quality-of-life improvements, 
driven by convenience, 
comfort, and reduced 
treatment burden. 

SS-KVI6: Improved 
Digital Skills & 
Competency 

A majority agreed that 
digital tools improve digital 
literacy and confidence 
among nursing staff. 

N/A  
(Phase 1) 

Participants noted 
learning-by-doing effects, 
in which nurses 
progressively develop 
wound-care expertise 
through repeated digital 
interactions. 

Survey and FGD findings align 
in indicating positive skill 
development effects, 
particularly for nursing staff, 
though long-term competency 
outcomes remain to be 
assessed. 

SS-KVI7: Increased 
Technology Adoption 
& Digital Uptake 

Most respondents expressed 
confidence that digital tools 
will increase the use of 
technology in nursing 
practice. 

N/A  
(Phase 1) 

FGDs stressed that system 
reliability is a prerequisite 
for sustained adoption and 
routine use. 

Conditional adoption potential 
is high: willingness to adopt 
exists, provided technical 
reliability and trustworthiness 
are ensured. 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

A strong majority agreed 
that regular telehealth 
follow-ups enable quicker 
responses to changes in 
wounds and reduce 
complications. 

N/A  
(Phase 1) 

Participants highlighted 
the ability to adapt 
treatment immediately 
when wounds change, 
strengthening 
responsiveness in dynamic 
situations. 

Evidence suggests increased 
care resilience, with improved 
flexibility and responsiveness, 
although system-level 
emergency performance is not 
yet demonstrated. 

SS-KVI10: Improved 
Social Connectivity & 
Participation 

Many respondents agreed 
that time savings lead to 
greater social participation 
and more personal time. 

N/A  
(Phase 1) 

Reduced treatment 
burden and fewer hospital 
visits were linked to 
improved everyday social 
engagement. 

Perceived social participation 
benefits emerge from reduced 
care disruption, indicating 
broader social value beyond 
clinical outcomes. 

SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

Overall responses indicate a 
high perceived value of the 
service due to convenience, 
safety, and efficiency. 

N/A  
(Phase 1) 

FGDs reflected a strong 
appreciation for practical 
usefulness, particularly for 
the reliability and 
immediacy of care. 

User-perceived value is 
consistently positive, though 
satisfaction is closely tied to 
dependable system 
performance. 

SQ-KVI6: Perceived 
System Reliability 

Reliability-related items 
received high importance, 

N/A  
(Phase 1) 

Participants repeatedly 
emphasised that 

Reliability is identified as a 
critical enabling condition for 
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even when not directly 
phrased as satisfaction 
questions. 

acceptance “strongly 
depends on the system 
working reliably.” 

all other KVIs rather than a 
standalone benefit. 

SQ-KVI7: Perceived 
Responsiveness 

Most respondents agreed 
that digital platforms 
support faster and more 
efficient responses to 
patient needs. 

N/A  
(Phase 1) 

FGDs confirmed that real-
time communication 
enables quicker clinical 
decision-making. 

Strong perceived 
responsiveness supports 
service quality improvements 
and reinforces trust in 
telehealth-enabled care. 

SQ-KVI3: Perceived 
Data Security & 
Privacy 

Survey responses show 
confidence in digital tools 
for healthcare use, though 
security is implicitly assumed 
rather than explicitly tested. 

N/A  
(Phase 1) 

FGDs noted that secure 
handling of sensitive 
health data is essential for 
acceptance. 

Security is treated as a 
baseline requirement, 
underpinning trust and 
adoption rather than 
generating standalone 
perceived value at this stage. 

 
Figure 19 presents a triangulated heat map of KVI evidence for UC-HEALTH-1, consolidating survey, interview, 
and focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 

Figure 19: Triangulated Evidence Heat Map for KVIs - (UC-HEALTH-1) 

KVI-KPI impact analysis 
Table 25 presents a consolidated KVI-KPI impact analysis for UC-HEALTH-1, illustrating how measured and in-
target technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

Table 25: UC-HEALTH-1 KPIs' impact on KVIs 

KVI Related KPI(s) Impact Analysis 
 

EC-KVI1: Operational Cost 
Savings 

End-to-end connectivity 
establishment; End-to-end 
data path; Upload & 
Download Capacity 

Rapid connectivity and stable data paths enable on-site assessment, 
expert consultation, and patch printing in a single visit, reducing 
hospital admissions, patient travel, and logistics costs. These KPIs 
directly underpin long-term cost reduction in wound care delivery. 

EC-KVI4: Productivity and 
Efficiency Gains 

Connectivity establishment 
time; E2E data path latency; 
Computing time (single 
request) 

Fast network setup, low latency, and short computation times allow 
nurses to complete diagnoses, consultations, and treatments without 
delays, improving workforce efficiency. 

EC-KVI5: Resource 
Efficiency Gains 

Number of Devices; System 
Capacity; Upload Capacity 

High device capacity and efficient data handling enable specialists to 
support multiple nurses remotely and to share printers and analytics 
services, optimising the utilisation of skilled personnel and medical 
infrastructure. 
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SS-KVI1: Improved Public 
Health & Safety 

Wound analytics accuracy; 
Sterility validation; E2E data 
path latency 

High accuracy in wound measurement ensure clinically safe 
treatment, while low latency enables timely expert input and early 
intervention, reducing complications and infection risks. 

SS-KVI2: Enhanced Quality 
of Life 

Connectivity establishment; 
Responsiveness (latency); 
Computing time 

Reliable and responsive on-site care reduces pain, travel, waiting 
time, and treatment delays, allowing patients to remain in their 
home environment and experience less disruption to daily life. 

SS-KVI3: Digital Inclusion & 
Accessibility 

End-to-end connectivity 
establishment; Backhaul 
data path; 
Upload/Download Capacity 

Deployable edge networks and sufficient capacity ensure access to 
expert wound care regardless of location, enabling equitable 
healthcare delivery in remote or underserved areas without reliance 
on continuous connectivity. 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Connectivity establishment 
time; E2E latency; Upload 
Capacity 

Rapid deployment of local networks and low-latency communication 
enable a quick response to sudden wound deterioration, improving 
healthcare system responsiveness in dynamic or emergencies. 

ENV-KVI9: Waste Reduction Wound analytics accuracy; 
Fit of wound dressing 

Precise wound measurement and tailored patch fitting reduce over-
prescription and disposal of unused dressings, directly contributing 
to reduced medical waste and more sustainable wound care 
practices. 

SQ-KVI6: Perceived System 
Reliability 

End-to-end connectivity 
establishment; E2E data 
path; Backhaul latency 

Stable connectivity and predictable performance are prerequisites 
for safe and continuous clinical use, underpinning user confidence 
and routine adoption of the system. 

SQ-KVI7: Perceived 
Responsiveness 

E2E data path latency; 
Computing time 

Low latency and fast processing enable real-time collaboration with 
wound experts and immediate feedback during treatment, 
strengthening perceived service responsiveness. 

5.7 UC-HEALTH-2 - Elderly Monitoring 
This subsection presents the application of the 6G-PATH V&E framework to UC-HEALTH-2. Detailed KPI 
definitions, complete KVI mappings, interviews, FGD, and survey results are provided in Annexe C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The collapsed agreement chart below (Figure 20) shows strong overall stakeholder endorsement of the 
telehealth use case across economic, social, and service quality dimensions. The highest levels of agreement are 
observed for improved emergency response and preparedness, public health and safety, and operational cost 
savings, indicating clear perceived value in early detection, reduced hospitalisation, and faster interventions.  

 

Figure 20: KVI Results-UC-HEALTH-2-Survey-Collapsed Agreement Chart 
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Triangulation of Results 
The triangulation of survey, interview, and FGD results shows strong alignment across economic, social, and 
service-quality dimensions (Table 26). While operational cost savings, resource efficiency, emergency 
responsiveness, and user satisfaction are consistently perceived as high, privacy assurance, system reliability, 
and longitudinal validation of quality-of-life outcomes remain key priorities for the subsequent implementation 
phase. 

Table 26: UC-HEALTH-2 Triangulation of results 

KVI Survey Trend Interview Insight FGD Insight Interpretation 
 

EC-KVI1: 
Operational Cost 
Savings 

Very strong agreement 
that early detection and 
telehealth reduce 
hospital stays and costs 
(e.g. early detection M = 
6.09/7; cost reduction M 
= 5.82/7). 

Healthcare professionals 
highlighted reduced 
emergency admissions 
and avoidable 
hospitalisation through 
continuous monitoring. 

Administrators 
expressed interest in a 
formal cost-benefit 
analysis before a large-
scale rollout. 

High perceived economic 
value driven by prevention 
and reduced admissions. 
Quantitative and qualitative 
evidence align, but formal 
economic validation 
(CBA/SROI53) is required in 
the next phase. 

EC-KVI5: Resource 
Efficiency Gains 

Strong agreement that 
real-time data access and 
remote expertise 
optimise staff and facility 
resources (e.g. real-time 
data access M = 5.71/7). 

Nurses valued the ability 
to monitor multiple 
patients simultaneously 
via a unified dashboard. 

Workflow efficiency 
gains confirmed, 
particularly through 
dashboard-based 
prioritisation. 

Clear operational efficiency 
gains are demonstrated, 
indicating strong potential 
for scalable resource 
optimisation across care 
settings. 

SS-KVI2: Enhanced 
Quality of Life 

Moderate-to-strong 
agreement that tele-
monitoring supports 
independence and home-
based living (M ≈ 5.14-
5.50/7). 

Elderly participants 
(small sample) 
appreciated increased 
independence and a 
feeling of safety. 

Healthcare students 
recognised QoL 
potential but stressed 
the need for 
longitudinal evidence. 

Positive perceived QoL 
impact, especially regarding 
autonomy and comfort; 
long-term effects require 
longitudinal studies with 
elderly users. 

SS-KVI11: 
Enhanced User 
Satisfaction & 
Perceived Value 

Strong agreement on 
satisfaction and 
willingness to reuse 
telehealth (e.g. reuse 
intention M = 5.48/7; 
overall satisfaction M ≈ 
5.06/7). 

Caregivers reported 
reduced anxiety and 
higher peace of mind 
due to real-time alerts. 

Reduced monitoring 
gaps and reassurance 
were repeatedly 
highlighted. 

Consistent evidence of high 
perceived value for patients 
and caregivers, reinforcing 
overall service acceptance. 

SS-KVI9: Increased 
Community 
Engagement & 
Trust 

Moderate-strong 
acceptance of telehealth 
as a care modality (M ≈ 
4.9-5.3/7), with some 
reservations. 

Around 35% of 
respondents expressed 
uncertainty about 
privacy and data 
protection. 

Reliability is 
repeatedly cited as a 
prerequisite for trust 
(“must work reliably”). 

General trust and 
acceptance are positive, but 
privacy assurance and 
transparent data handling 
are essential to strengthen 
long-term trust. 

SQ-KVI4: 
Perceived Ease of 
Use 

Strong agreement on 
usability and learnability 
(e.g. ease of use M ≈ 5.0-
5.4/7). 

Healthcare professionals 
highlighted time savings 
enabled by workflow 
features (e.g., copy-
paste training exercises). 

Simplified interface 
praised; elderly users 
identified as needing 
tailored onboarding 
and support. 

High usability for 
professionals is validated, 
while onboarding and UX 
adaptation tailored to the 
elderly are required for 
inclusive adoption. 

SQ-KVI6: 
Perceived System 
Reliability 

Strong agreement that 
reliability is critical (M ≈ 
5.5/7 across reliability-
related items). 

Phase-1 T&Ps 
infrastructure issues 
highlighted the need for 

Across FGDs, reliability 
was framed as a non-
negotiable 

Technical performance is 
promising, but 
infrastructure readiness and 
robustness are critical 

                                                     
53  Cost-Benefit Analysis (CBA) is designed to compare the costs and benefits of a project or programme. It is often used when deciding 

whether to implement large projects, or choosing between different options. It is normally applied before a project begins, but can 
also be used for monitoring and evaluation. Social Return on Investment (SROI) is an alternative tool, placing more emphasis on social 
and environmental benefits. Also see, among others: https://www.intrac.org/app/uploads/2024/12/Cost-benefit-analysis.pdf 
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a fully operational 
backend. 

requirement for 
deployment. 

gating factors for real-world 
rollout. 

SS-KVI8: Improved 
Emergency 
Response & 
Preparedness 

Very strong agreement 
that tele-monitoring 
enables early detection 
and faster intervention 
(M ≈ 5.73-5.86/7). 

Professionals stressed 
the need for quicker 
reaction times in 
emergencies due to real-
time alerts. 

FGDs confirmed 
flexibility and 
responsiveness in 
dynamic health 
situations. 

Strong convergence across 
methods indicates high 
potential for improved 
emergency response and 
system resilience. 

 
Figure 21 presents a triangulated heat map of KVI evidence for UC-HEALTH-2, consolidating survey, interview, 
and focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 

Figure 21: Triangulated Evidence Heat Map for KVIs - (UC-HEALTH-2) 

KVI-KPI impact analysis 
The KVI-KPI mapping in the following Table demonstrates how technical KPIs influence value outcomes defined 
through the 6G-PATH KVI V&E framework.  

Table 27: UC-HEALTH-2 KPIs' impact on KVIs 

KVI Related KPI(s) Impact Analysis 
 

EC-KVI1: Operational Cost 
Savings 

Edge-to-core connection 
setup time; End-to-end 
connectivity setup time; 
Uplink capacity 

Fast connection setup and sufficient uplink capacity enable on-site 
monitoring, early detection, and remote expert consultation without 
repeated hospital visits. This reduces emergency admissions, hospital 
stays, transport needs, and associated operational costs, directly 
supporting perceived cost savings. 

EC-KVI5: Resource 
Efficiency Gains 

Maximum concurrent 
devices; Uplink capacity; 
Packet loss rate 

High scalability (supporting up to 10,000 devices) and reliable data 
transmission allow a limited number of healthcare professionals to 
monitor many patients simultaneously. This optimises the use of 
medical staff and infrastructure, enabling efficient allocation of 
resources across large patient populations. 

SS-KVI1: Improved Public 
Health & Safety 

Fall event detection and 
alert latency; Packet loss 
rate; End-to-end 
connectivity setup time 

Low alert latency (<2s) and minimal packet loss ensure timely 
detection of falls and health deterioration, enabling rapid intervention. 
These KPIs are critical to reducing complications, preventing severe 
outcomes, and improving overall patient safety. 

SS-KVI2: Enhanced 
Quality of Life 

End-to-end connectivity 
setup time; Smartwatch 
battery duration 

Reliable connectivity, combined with long battery life on devices, 
supports continuous, unobtrusive monitoring in home environments. 
This enables elderly individuals to live independently with fewer 
disruptions, improving comfort, autonomy, and perceived quality of 
life. 

SS-KVI3: Digital Inclusion 
& Accessibility 

End-to-end connectivity 
setup time; Uplink capacity; 
Maximum concurrent 
devices 

Rapid network establishment and scalable capacity allow telehealth 
services to be deployed flexibly across locations, including remote or 
underserved areas. This ensures equitable access to healthcare 
services regardless of geography or mobility constraints. 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Fall event detection and 
alert latency; Packet loss 

Fast alert generation and reliable connectivity enable immediate 
response to emergencies such as falls or acute health events. These 
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rate; Edge-to-core 
connection setup time 

KPIs strengthen system readiness and resilience in dynamic or time-
critical healthcare situations. 

SS-KVI11: Enhanced User 
Satisfaction & Perceived 
Value 

End-to-end connectivity 
setup time; Packet loss rate; 
Training session data upload 
latency 

Smooth connectivity, reliable data transmission, and fast upload of 
monitoring and training data improve the user experience for patients, 
caregivers, and healthcare professionals, reinforcing perceived value 
and satisfaction with the service. 

SQ-KVI4: Perceived Ease 
of Use 

Training session data upload 
latency; End-to-end 
connectivity setup time 

Short upload times and rapid system readiness reduce wait times and 
manual intervention, making the system easier to use for healthcare 
professionals and supporting positive usability perceptions observed in 
surveys and FGDs. 

SQ-KVI6: Perceived 
System Reliability 

Packet loss rate; End-to-end 
connectivity setup time; 
Edge-to-core connection 
setup time 

Consistently low packet loss and predictable connection establishment 
underpin continuous monitoring without interruptions, which, across 
qualitative studies, was identified as a critical prerequisite for trust and 
routine adoption. 

SQ-KVI7: Perceived 
Responsiveness 

Fall event detection and 
alert latency; Training 
session data upload latency 

Low latency in alerts and data uploads enables quick feedback and 
timely clinical action, reinforcing perceptions of a responsive and 
effective telehealth service. 

SQ-KVI8: Perceived 
Scalability 

Maximum concurrent 
devices; Uplink capacity 

Demonstrated ability to support large numbers of simultaneous 
devices without performance degradation validates the scalability of 
the EMS solution, supporting confidence in large-scale deployment. 

5.8 UC-CITIES-1 - Connected and Sensing City 
This subsection presents the application of the 6G-PATH V&E framework to UC-CITIES-1. Detailed KPI definitions, 
complete KVI mappings, interviews, FGD, and survey results are provided in Annex C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The collapsed agreement (%) chart in Figure 22 shows very strong stakeholder agreement across economic, 
societal, environmental, and service-quality KVIs, with particularly high validation for data security & privacy 
(94.68%), emergency response & preparedness (93.62%), and productivity and efficiency gains (92.20%). 
Economic benefits, including cost savings and new revenue streams, are also strongly recognised (≈82%), while 
societal impacts related to public health and safety and inclusive access to services demonstrate robust but more 
varied agreement. Overall, the results underline the critical role of secure, high-performance connectivity in 
delivering both mission-critical societal value and sustainable economic impact. 

.  

Figure 22: KVI Results-UC-CITIES-1-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 28 consolidates evidence from surveys, interviews, and focus group discussions to provide a balanced 
assessment of the UC-CITIES-1. 
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Table 28: UC-CITIES-1 Triangulation of results 

KVI Survey Trend Interview Insight FGD Insight Interpretation 
 

EC-KVI1: Operational 
Cost Savings 

Moderate cost 
savings perceived 
through reduced fuel 
use, accidents, 
insurance, and 
infrastructure 
optimisation. 

6G may enable cost savings 
through optimised mobility, 
adaptive infrastructure, and 
broader access to advanced 
services, though several 
stakeholders questioned 
whether these savings 
would exceed those 
enabled by 5G. 

FGDs reflected 
cautious optimism, 
noting that cost 
savings are expected 
mainly as indirect 
efficiency gains rather 
than direct reductions 
for citizens. 

6G is expected to enable 
moderate operational 
cost savings, primarily 
through efficiency and 
mobility optimisation. 
However, its added 
financial value over 
existing technologies 
remains uncertain. 

EC-KVI4: Productivity 
and Efficiency Gains 

High operational 
efficiency, driven by 
real-time responses, 
dynamic routing, AI-
driven monitoring, 
and IoT-based 
automation. 

6G could enhance city 
operations through ultra-
low latency, massive device 
connectivity, and improved 
IoT-driven optimisation, 
although some believe its 
impact may not significantly 
exceed current 5G 
capabilities. 

FGDs confirmed 
strong expectations of 
improved automation 
and city-scale 
operational efficiency, 
while acknowledging 
uncertainty about 
incremental gains over 
5G. 

6G is expected to deliver 
high productivity and 
efficiency gains, 
particularly through real-
time data processing and 
large-scale IoT 
integration, even if the 
advantages over 5G may 
be incremental. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Moderate 
accessibility and 
inclusion, with 
notable neutral 
responses indicating 
uneven perceived 
impact. 

6G could enhance 
accessibility through real-
time communication, 
assistive technologies, 
personalised services, and 
improved mobility options; 
however, several 
interviewees stressed that 
many accessibility barriers 
are physical rather than 
technological. 

FGDs echoed mixed 
views, recognising 
technological support 
for inclusion but 
emphasising limits 
without parallel 
physical and policy 
interventions. 

6G is expected to 
improve digital inclusion 
and accessibility 
moderately, mainly by 
enabling smarter 
assistive and mobility 
services, while 
acknowledging that 
technology alone cannot 
address all inclusion 
barriers. 

SS-KVI1: Improved 
Public Health & Safety 

Moderate 
improvement in 
public safety, 
including reduced 
accidents and 
enhanced 
surveillance, with 
some neutral and 
sceptical responses. 

Interviews highlighted 
faster, AI-enabled 
surveillance and real-time 
data sharing for crime 
prevention, while 
questioning whether 6G 
offers clear advantages 
beyond 5G and raising 
privacy concerns. 

FGDs stressed that 
safety improvements 
depend more on 
deployed services and 
governance than on 
network generation 
alone. 

6G is expected to 
enhance public safety 
moderately, particularly 
through real-time 
sensing and analytics, but 
its superiority over 5G 
remains debated, and 
privacy concerns persist. 

SS-KVI6: Improved 
Digital Skills & 
Competency / SS-
KVI7: Increased 
Technology Adoption 
& Digital Uptake 

Moderate 
educational and 
career opportunities, 
especially via 
improved remote 
learning and digital 
infrastructure. 

Interviews suggested that 
6G could improve the 
quality and accessibility of 
remote learning—especially 
in rural areas—while 
strongly emphasising the 
continued importance of 
human interaction and 
blended learning. 

FGDs reinforced that 
remote learning 
benefits are 
supportive rather than 
transformative and 
unlikely to replace in-
person education. 

6G may moderately 
support education and 
digital skills 
development, mainly by 
improving access and 
quality of digital learning 
tools, but is unlikely to 
fundamentally transform 
educational models. 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

High emergency 
response capability, 
with strong 
agreement on faster 
response times and 
improved disaster 
preparedness. 

Interviews consistently 
highlighted ultra-low 
latency, reliable 
communications, drones, 
and integrated real-time 
data as major enablers for 
emergency response, while 
noting coverage and privacy 
challenges. 

FGDs supported these 
views, emphasising 
the benefits of 
response speed 
alongside legal and 
ethical constraints. 

Emergency response is 
one of the most strongly 
supported KVIs, with 6G 
perceived as a key 
enabler of faster, more 
coordinated, and data-
driven emergency 
management. 
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ENV-KVI4: Carbon 
Emissions Reduction / 
ENV-KVI5: Improved 
Air Quality 

Moderate 
environmental 
sustainability, with 
strong agreement on 
traffic optimisation 
benefits but 
recognition of 
indirect impact. 

Interviews indicated that 
6G can support emissions 
reduction and air-quality 
improvements mainly 
through smarter mobility 
and energy management, 
while some argued that 5G 
already enables many of 
these functions. 

FGDs aligned with the 
view that 
environmental 
benefits are indirect 
and depend on 
broader mobility and 
policy measures. 

6G may moderately 
contribute to 
environmental 
sustainability, primarily 
by enabling smarter 
mobility and monitoring, 
though benefits are 
largely indirect and 
contingent on systemic 
urban changes. 

SQ-KVI7: Perceived 
Responsiveness / SQ-
KVI6: Perceived 
System Reliability 

High performance 
and efficiency, 
particularly for real-
time services, traffic 
updates, and 
emergency alerts. 

Interviews emphasised that 
faster communication, real-
time sensing, and 
autonomous systems 
significantly enhance 
responsiveness, especially 
in critical situations. 

FGDs highlighted 
responsiveness and 
reliability as 
prerequisites for trust 
and effective smart 
city services. 

6G is perceived as 
delivering high 
responsiveness and 
performance, particularly 
in time-critical scenarios, 
provided reliability 
requirements are 
consistently met. 

SQ-KVI2: System 
Trustworthiness / SQ-
KVI3: Perceived Data 
Security & Privacy 

High importance of 
security and privacy, 
with very strong 
agreement across 
survey items. 

Interviews stressed 
cybersecurity, data 
protection, and 
organisational responsibility 
as essential, while noting 
that many risks originate at 
the application layer rather 
than the network itself. 

FGDs reinforced that 
trust, privacy, and 
security are 
fundamental enablers 
of acceptance rather 
than added features. 

Security and privacy are 
foundational KVIs for 6G 
smart cities; while 6G can 
technically strengthen 
protection, effective 
implementation and 
governance remain 
decisive. 

 

Figure 23 presents a triangulated heat map of KVI evidence for UC-CITIES-1, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

KVI ID Survey Evidence Interview Evidence FGD Evidence Triangulated Evidence Strength 

EC-KVI1 Medium Medium Medium Medium 

EC-KVI4 High Medium–High High High 

SS-KVI3 Medium Medium Medium Medium 

SS-KVI1 Medium Medium Medium Medium 

SS-KVI6/7 Medium Medium Medium Medium 

SS-KVI8 High High High High 

ENV-KVI4/5 Medium–High Medium Medium Medium–High 

SQ-KVI6/7 High High High High 

SQ-KVI2/3 High High High High 

Figure 23: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-1) 

KVI-KPI Impact Analysis 
Table 29 presents a consolidated KVI-KPI impact analysis for UC-CITIES-1, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

Table 29: UC-CITIES-1 KPIs' impact on KVIs 

KVI (6G-PATH Standard) Related KPI (Refined - Value-
oriented) 

Impact Analysis (KVI-focused, KPI as Enabler) 

EC-KVI4: Productivity and 
Efficiency Gains 

Edge processing capacity, 
sustained video stream quality, 
and number of vehicles 
supported simultaneously 

Adequate edge processing capacity and stable video streams 
enable continuous perception offloading for autonomous vehicles. 
This reduces manual intervention, supports real-time traffic 
services, and allows city systems to operate more efficiently at 
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scale, resulting in measurable productivity gains for urban mobility 
management [32]. 

EC-KVI5: Resource 
Efficiency Gains 

Edge resource utilisation 
stability, network transmission 
efficiency (low retries) 

Efficient use of computational and network resources ensures that 
city services scale without excessive infrastructure expansion. 
Stable utilisation and low retransmissions indicate that resources 
are utilised in proportion to demand, supporting the cost-effective 
and sustainable deployment of autonomous mobility services. 

SS-KVI1: Improved Public 
Health & Safety 

Video stream reliability, 
timeliness of perception data, 
and accuracy of vehicle 
positioning 

Reliable perception data and accurate positioning enable early 
hazard detection, safer autonomous navigation, and improved 
traffic awareness. These capabilities directly contribute to 
accident prevention and safer road environments, supporting 
improved public safety outcomes. 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

End-to-end responsiveness of 
perception streams, reliability of 
uplink communication during 
mobility 

High responsiveness and reliable data transmission allow 
emergency-related information (e.g. incidents, blocked roads) to 
be detected and shared quickly. This supports faster decision-
making by emergency services and enhances preparedness in 
dynamic urban scenarios [32]. 

ENV-KVI4: Carbon 
Emissions Reduction 

Traffic simulation accuracy, 
vehicle movement and routing 
data quality 

Accurate mobility data and large-scale traffic simulations enable 
route optimisation and congestion avoidance. By reducing idle 
time and inefficient driving patterns, these capabilities indirectly 
contribute to lower fuel consumption and reduced urban 
emissions. 

ENV-KVI6: Sustainable 
Mobility 

Network capacity to support 
autonomous vehicles, stability 
of vehicle-to-infrastructure (V2I) 
communication 

Reliable connectivity for autonomous and connected vehicles 
supports smoother traffic flow and safer driving behaviours. This 
encourages adoption of shared, automated, and more efficient 
transport modes, contributing to longer-term sustainable mobility 
objectives. 

SQ-KVI7: Perceived 
Responsiveness 

Real-time video continuity, low 
interruption during service 
migration 

Continuous, low-latency perception streams ensure that 
autonomous and city services respond promptly to changing 
conditions. From a user and operator perspective, this translates 
into a system that feels responsive and capable of handling real-
time urban dynamics. 

SQ-KVI6: Perceived System 
Reliability 

Service continuity during 
mobility, stability under an 
increasing number of vehicles 

Consistent service performance while vehicles move across the 
city and while the system scales reinforces confidence in the 
platform. Perceived reliability is strengthened when services 
remain available and predictable under realistic operational 
conditions. 

5.9 UC-CITIES-2 - Automated Logistics 
This subsection presents the application of the 6G-PATH V&E framework to UC-CITIES-2. Detailed KPI definitions, 
complete KVI mappings, interviews, FGD, and survey results are provided in Annexe C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
The Collapsed Agreement (%) analysis (Figure 24) shows near-unanimous stakeholder agreement across all KVI 
dimensions, with 100% collapsed agreement observed for most economic, social, environmental, and service-
quality indicators. Particularly strong validation is evident for operational cost savings, public health and safety, 
technology adoption, energy efficiency, waste reduction, user satisfaction, and system trustworthiness, while 
productivity gains and carbon emissions reduction also achieve very high agreement (96.70%). Overall, the 
results demonstrate exceptionally strong and consistent perceived value, reflecting a mature and well-aligned 
use case with clear, widely recognised benefits across sustainability and service-performance domains.  
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Figure 24: KVI Results-UC-CITIES-2-Survey-Collapsed Agreement Chart 

Triangulation of Results 
Table 30 reflects the triangulated conclusion of the interview and survey results of KVI measurements. FGDs 
were not conducted during Phase 1. Interviews were deliberately used as a pilot qualitative method to test 
feasibility, reliability, and complementarity with survey-based KVI measurement. The strong alignment observed 
between survey trends and interview insights confirms the value of qualitative triangulation. Based on these 
results, FGDs are planned for Phase 2 to enable broader collective validation and deeper social sense-making 
across stakeholder groups. 

Table 30: UC-CITIES-2 Triangulation of results 

KVI (Standard 6G-
PATH) 

Survey Trend (Majority 
Response) 

Interview Insight 
(Summary) 

FGD 
Insight 

Interpretation (Triangulated 
Conclusion) 

EC-KVI4: Productivity 
and Efficiency Gains 

Very strong agreement that 
AGVs and 6G increase 
throughput and automation 
(≥96% Agree/Strongly 
Agree; mean ≈ 4.6-4.7). 

AGVs significantly 
streamline logistics 
operations by automating 
repetitive transport tasks 
and enabling robot-only or 
hybrid shifts, reducing 
processing time per task. 

N/A There is strong convergence 
between quantitative and 
qualitative evidence that 6G-
enabled AGVs deliver 
substantial productivity and 
operational efficiency gains in 
warehouse environments. 

EC-KVI5: Resource 
Efficiency Gains 

Strong agreement on 
improved asset utilisation 
and scalability (100% 
Agree/Strongly Agree; 
mean ≈ 4.5). 

Dynamic stock allocation, 
AI-based demand 
prediction, and real-time 
inventory tracking are 
essential to optimise space, 
equipment, and workforce 
usage. 

N/A Survey confidence aligns with 
expert priorities, indicating high 
resource-efficiency gains, 
particularly in space utilisation, 
asset usage, and workforce 
allocation. 

SS-KVI1: Improved 
Public Health & Safety 

Very strong agreement that 
6G systems reduce 
hazardous manual handling 
and workplace accidents 
(100% Agree/Strongly 
Agree; mean ≈ 4.6-4.7). 

People's safety is the top 
priority; AGVs reduce heavy 
lifting and exposure to risk, 
provided that continuous 
real-time supervision and 
emergency override are 
available. 

N/A Both data sources strongly 
confirm that employee safety is 
a primary value driver, with 
AGVs and 6G connectivity 
significantly reducing physical 
risk in logistics operations. 

ENV-KVI2: Energy 
Efficiency 

Strong agreement on 
reduced energy 
consumption with 6G 

Energy consumption is a key 
investment criterion; 
optimised routing and 

N/A Quantitative and qualitative 
findings consistently support 
energy efficiency improvements 
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adoption (100% 
Agree/Strongly Agree; 
mean ≈ 4.47). 

automated operations 
contribute to lower energy 
use. 

as a clear environmental benefit 
of 6G-enabled automated 
logistics. 

ENV-KVI4: Carbon 
Emissions Reduction 

Strong agreement that 
optimised robot routing 
reduces fuel use and 
emissions (≈97% 
Agree/Strongly Agree; 
mean ≈ 4.37). 

Reduced idle time and 
optimised movement paths 
are expected to lower 
emissions in warehouse 
logistics operations. 

N/A There is strong alignment that 
carbon emissions can be 
reduced, mainly through 
operational optimisation rather 
than direct technological 
substitution alone. 

ENV-KVI9: Waste 
Reduction 

Strong agreement on fewer 
damaged goods and 
reduced packaging waste 
(100% Agree/Strongly 
Agree; mean ≈ 4.47). 

Waste reduction is 
achievable if itemised 
packaging and standardised 
tracking are implemented; 
procedural change is 
critical. 

N/A Evidence indicates high 
potential for waste reduction, 
conditional on complementary 
process and packaging 
standardisation. 

SQ-KVI6: Perceived 
System Reliability 

Strong agreement on 
network and data reliability 
(100% Agree/Strongly 
Agree; mean ≈ 4.47-4.53). 

Reliability is non-negotiable 
since people and stock are 
the most critical assets; 
zero-latency feedback is 
essential. 

N/A Both survey and interview 
strongly converge on system 
reliability as a foundational 
requirement for AGV-based 
logistics. 

SQ-KVI2: System 
Trustworthiness 

Very high trust in 6G 
systems for critical logistics 
operations (100% 
Agree/Strongly Agree; 
mean ≈ 4.63). 

Trust depends on 
continuous monitoring, 
accurate data, and clear 
human override and 
emergency procedures. 

N/A Strong triangulation confirms 
high trust in 6G systems, 
provided transparency, 
reliability, and human 
supervision are ensured. 

 

Figure 25 presents a triangulated heat map of KVI evidence for UC-CITIES-2, consolidating survey, interview, and 
focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

 
Figure 25: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-2) 

KVI-KPI Impact Analysis 
Table 31 presents a consolidated KVI-KPI impact analysis for this UC, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework. 

Table 31: UC-CITIES-2 - KPIs' impact on KVIs 

KVI Related KPI(s) Impact Analysis 
EC-KVI4: Productivity 
and Efficiency Gains 

Availability, 
Reliability, 
Throughput, Ingress 
Latency 

High availability and reliability ensure AGVs can operate continuously without 
interruptions, directly increasing the number of goods handled per shift. Low 
latency enables real-time AGV control and coordination, while high throughput 
supports continuous sensor, video, and command data exchange, collectively 
improving operational speed and productivity. 

EC-KVI5: Resource 
Efficiency Gains 

Availability, 
Reliability, 
Throughput 

Reliable, highly available connectivity enables optimal utilisation of AGVs, 
infrastructure, and human supervisors by reducing idle time and unplanned 
stoppages. High throughput supports real-time inventory and AGV status 
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updates, enabling efficient allocation of space, equipment, and workforce 
resources. 

SS-KVI1: Improved 
Public Health & Safety 

Availability, 
Reliability, Ingress 
Latency 

High availability and reliability ensure that human operators can always reach 
and intervene in AGV operations if required. Ultra-low latency supports 
immediate reaction to hazardous situations, emergency stops, and collision 
avoidance, significantly reducing workplace accidents and improving employee 
safety. 

ENV-KVI2: Energy 
Efficiency 

Throughput, Ingress 
Latency, Reliability 

Efficient data transmission and low latency enable optimised AGV routing and 
task scheduling, reducing unnecessary movements and idle times. Reliable 
connectivity prevents repeated task execution due to communication failures, 
thereby lowering overall energy consumption in warehouse operations. 

ENV-KVI4: Carbon 
Emissions Reduction 

Throughput, Ingress 
Latency, Availability 

Real-time coordination enabled by high throughput and low latency supports 
shorter, optimised routes and reduced AGV idle times. High availability 
prevents inefficient fall-back procedures, indirectly lowering energy use and 
associated carbon emissions across logistics operations. 

ENV-KVI9: Waste 
Reduction 

Reliability, 
Availability, 
Throughput 

Reliable and continuous data transmission ensures accurate handling, 
positioning, and tracking of goods, reducing damage and mishandling. High 
throughput supports real-time sensor and vision data, enabling precise AGV 
movements and lowering packaging and product waste. 

SQ-KVI6: Perceived 
System Reliability 

Availability, 
Reliability, Packet 
Loss 

High-availability and reliability KPIs directly underpin user perception of a 
stable, dependable system. Low packet loss ensures consistent delivery of 
command and sensor data, reinforcing confidence in the system’s ability to 
support critical logistics operations. 

SQ-KVI2: System 
Trustworthiness 

Availability, 
Reliability, Ingress 
Latency 

Continuous access to AGVs, predictable system behaviour, and rapid response 
times build operator trust. When human supervisors can reliably monitor and 
intervene in real time, confidence in delegating critical logistics tasks to AGVs 
increases significantly. 

5.10 UC-CITIES-3 - Security Coordination 
This subsection presents the application of the 6G-PATH V&E framework to UC-CITIES-3. Detailed KPI definitions, 
complete KVI mappings, interviews, FGD, and survey results are provided in Annexe C. 

Summary of KVI Survey Results: Collapsed Agreement (%) Analysis 
This chart presented in Figure 26 indicates very low collapsed agreement across most KVIs, suggesting limited 
perceived value validation at this stage of the use case. Service-quality and economic KVIs show minimal 
agreement (2–12%), reflecting early deployment maturity, constrained user exposure, or limited observability of 
benefits. Social and environmental KVIs demonstrate relatively higher, but still modest-agreement, particularly 
for social connectivity & participation (32%) and carbon emissions reduction (35%), indicating emerging value 
signals that may require longer observation periods, broader stakeholder engagement, and improved KPI–KVI 
alignment to materialise more clearly in subsequent phases.  

 

Figure 26: KVI Results-UC-CITIES-3-Survey-Collapsed Agreement Chart 
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Triangulation of Results 
The triangulated evidence (Table 32) shows that service-quality KVIs—particularly reliability, ease of use, and 
trustworthiness are the dominant determinants of acceptance in mission-critical (MC) contexts, consistently 
outweighing economic and environmental considerations. Across surveys, interviews, and FGDs, perceived 
system reliability emerges as the most decisive factor, with strong scepticism toward 5G/B5G performance 
relative to legacy systems directly undermining user satisfaction and trust. While improved emergency response 
and preparedness is recognised as a clear potential strength, its realisation is explicitly conditional on proven 
reliability, coverage, and interoperability. Economic viability remains uncertain due to cost sensitivity and public-
sector budget constraints, and environmental benefits are viewed as secondary and insufficient to drive adoption 
independently. Overall, the findings indicate that adoption hinges on demonstrable operational superiority and 
maturity, with clear evidence of reliability, usability, and governance required before broader value dimensions 
can materialise. 

However, it should be noted that these findings remain indicative rather than conclusive, as they are based on 
limited stakeholder engagement during the current phase; a more comprehensive and robust triangulated 
analysis will be presented in D6.2 and D6.3, drawing on expanded participation and extended observation 
periods. 

Table 32: UC-CITIES-3 Triangulation of results 

KVI Survey Trend Interview Insight FGD Insight Interpretation 
SQ-KVI1: User 
Satisfaction 

Predominantly negative: 
majority disagreed that they 
are satisfied with 5G/B5G in 
mission-critical contexts 
(≈74% disagree/strongly 
disagree). 

End users perceive 
limited immediate 
benefit over existing 
systems; scepticism 
remains about real 
operational 
improvement. 

Low satisfaction 
reported; concerns 
that unreliable or 
unclear benefits 
would lead to refusal 
of adoption. 

Overall user satisfaction 
is low, driven by 
uncertainty about added 
value and readiness. 
Acceptance depends on 
demonstrable 
operational benefits and 
the solution's maturity. 

SQ-KVI4: Perceived 
Ease of Use 

Strong consensus that ease 
of use is critical; the 
majority believe a lack of 
usability would be a major 
obstacle. 

Interviewees stressed 
that complex systems 
slow response times 
and increase 
cognitive load during 
emergencies. 

Ease of use is 
identified as 
essential; poor 
usability would block 
adoption regardless 
of technical 
capability. 

Ease of use is a critical 
enabler of adoption. 
Even technically 
advanced systems will 
fail if they increase 
operational complexity 
in emergency contexts. 

SQ-KVI6: Perceived 
System Reliability 

Strongly negative 
assessment of reliability 
compared to legacy systems 
(TETRA54/TETRAPOL55). 

Reliability is 
repeatedly 
highlighted as non-
negotiable; any 
instability is 
unacceptable in 
mission-critical 
operations. 

Reliability is identified 
as the key condition 
for adoption; lack of 
reliability leads 
directly to rejection. 

Reliability is the most 
decisive KVI. Current 
perceptions suggest 
5G/B5G must clearly 
outperform legacy 
systems to gain trust and 
acceptance. 

SQ-KVI2: System 
Trustworthiness 

The majority expressed low 
trust in new technologies 
compared to existing 
systems. 

Strong concerns over 
cybersecurity, data 
ownership, and who 

Trust depends on 
clear data 
governance, 
encryption, and 

Trust remains fragile. 
Without strong 
guarantees on security, 
data control, and 

                                                     
54  TETRA (TErrestrial Trunked RAdio) is an open global standard for digital trunked radio communication, developed by ETSI, used 

primarily by public safety (police, fire, ambulance), transport, utility, and other mission-critical organisations for secure, reliable voice 
and data services, featuring instant group calls, direct mode (talk-around) communication, and strong encryption. It offers features 
like group calls, short data services (SDS), and packet data, making it versatile for critical environments. For further informative details 
also see, among others: https://en.wikipedia.org/wiki/TETRA  

55  TETRAPOL (short for TErrestrial TRunked RAdio POLice)[citation needed] is a digital professional mobile radio standard, as defined by 
the TETRAPOL Publicly Available Specification (PAS), used by professional user groups such as public safety, military, industry and 
transportation organisations throughout the world. Airbus Defence and Space is the main supplier of this technology. For further 
information also see, among others: https://www.criticalcommunications.airbus.com/en/tetrapol  

https://en.wikipedia.org/wiki/TETRA
https://www.criticalcommunications.airbus.com/en/tetrapol
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can access sensitive 
operational data. 

control; lack of 
transparency fuels 
resistance. 

governance, adoption in 
mission-critical contexts 
will be limited. 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

Mixed but leaning 
positive/neutral: 
respondents acknowledge 
potential but remain 
cautious. 

Faster data exchange, 
positioning, and 
situational awareness 
are seen as clear 
advantages for 
dispatch and 
coordination. 

FGDs highlighted 
interoperability and 
real-time data as key 
benefits during major 
incidents. 

Emergency response is a 
clear potential strength 
of 6G, but benefits are 
conditional on reliability, 
coverage, and 
interoperability being 
proven in practice. 

EC-KVI1: Operational 
Cost Savings 

Cost is viewed as a major 
barrier; the majority agree 
that cost strongly influences 
adoption decisions. 

Interviewees 
emphasised public 
funding constraints 
and uncertainty over 
cost-benefit 
justification. 

FGDs reinforced that 
high-level decision-
makers are cost-
averse and reluctant 
to replace legacy 
systems. 

Economic viability is 
uncertain. Adoption will 
require strong evidence 
that benefits outweigh 
transition and 
operational costs. 

ENV-KVI4: Carbon 
Emissions Reduction 

Mostly neutral to mildly 
positive; respondents are 
unsure about tangible 
environmental benefits. 

Environmental impact 
is considered indirect, 
mainly through 
reduced travel and 
improved 
coordination. 

Not a primary 
concern in FGDs 
compared to 
reliability and cost. 

Environmental benefits 
are secondary in 
mission-critical contexts 
and unlikely to drive 
adoption on their own. 

 

Figure 27 presents a triangulated heat map of KVI evidence for this UC-CITIES-3, consolidating survey, interview, 
and focus group insights to illustrate the relative strength of value outcomes across KVI dimensions. 

 

KVI ID Survey Evidence Interview Evidence FGD Evidence 
Triangulated Evidence 

Strength 

SQ-KVI1 Low Low Low Low 

SQ-KVI4 Medium–High Medium–High Medium–High Medium–High 

SQ-KVI6 Low Low Low Low 

SQ-KVI2 Low Low Low Low 

SS-KVI8 Medium Medium–High Medium–High Medium 

EC-KVI1 Low Low Low Low 

ENV-KVI4 Low (Indirect) Low (Indirect) Low (Indirect) Low (Indirect) 

Figure 27: Triangulated Evidence Heat Map for KVIs - (UC-CITIES-3) 

KVI-KPI Impact Analysis 
Table 33 presents a consolidated KVI-KPI impact analysis for this UC, illustrating how measured and in-target 
technical KPIs influence value outcomes defined through the 6G-PATH KVI V&E framework.  

 

Table 33: UC-CITIES-3 KPIs' impact on KVIs 

KVI Relevant KPI(s) Impact Analysis 
SQ-KVI6: Perceived 
System Reliability 

Reliability 
(application error 
rate), Latency 

High application reliability (>99%) and low latency (<20 ms) are fundamental 
for mission-critical operations. Stable delivery of voice, video, and sensor data 
ensures responders can depend on the system without reverting to legacy 
networks. Survey results show reliability is the strongest adoption barrier; 
achieving KPI targets directly supports perceived reliability and system 
credibility. 

SQ-KVI2: System 
Trustworthiness 

Reliability 
(application error 
rate), Throughput 
DL/UL 

Trust is closely linked to consistent system behaviour. Sustained throughput 
and near-zero application errors reduce operational uncertainty, reinforcing 
user confidence. Interviews and FGDs indicate that trust is less about raw 
speed and more about predictable, secure, and failure-free communication 
during crises. 
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SQ-KVI4: Perceived Ease 
of Use 

Latency, Reliability Low latency and high reliability reduce the need for manual retries, device 
switching, or workarounds. This indirectly improves ease of use in high-stress 
environments, where complex interactions are unacceptable. Survey results 
confirm that usability is a decisive factor in acceptance. 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Latency, Throughput 
DL 

Sub-20ms latency enables near-real-time situational awareness (live video, 
positioning, data feeds), supporting faster dispatch decisions and coordination 
across agencies. High downlink throughput (~130 Mbps achieved) enables rich 
data exchange, directly enhancing the effectiveness of emergency 
preparedness and response, as highlighted in interviews and FGDs. 

SS-KVI9: Increased 
Community Engagement 
& Trust 

Reliability, 
Throughput DL 

Reliable delivery of accurate, timely information to command centres 
supports coherent public communication and coordinated response, 
indirectly strengthening public confidence. FGDs show that failures or 
instability would quickly erode trust among responders and the wider 
community. 

EC-KVI1: Operational Cost 
Savings 

Reliability, 
Throughput UL/DL 

High reliability reduces duplicated dispatches, fall-back to parallel systems, 
and unnecessary operational overhead. Although surveys show cost 
sensitivity and scepticism, stable performance KPIs support long-term 
efficiency gains by avoiding system failures that increase operational and 
dispatch costs. 

ENV-KVI4: Carbon 
Emissions Reduction 

Latency, Throughput 
DL 

While environmental impact is secondary, low-latency, high-throughput 
communication enables remote coordination, reducing unnecessary vehicle 
movement and repeated site visits. Survey responses indicate neutral 
awareness, while KPI performance provides an enabling foundation for 
reducing indirect emissions. 
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6 Collaborations with 6G Community and Standards  

This section summarises 6G-PATH’s active collaborations with the broader 6G community, demonstrating strong 
alignment with SNS-JU priorities and positioning the project as a “key contributor” to emerging 6G 
standardisation and value-driven research. Throughout the reporting period, partners engaged in multiple SNS 
Working Groups56 (TMV-KPI, TMV-KVI, Sustainability), 6G-IA working groups57 (SNVC), and cross-project clusters 
such as 6G4Society58. These engagements have resulted in significant outputs, including white paper 
contributions, methodology harmonisation efforts, joint workshops, scientific publications, and dissemination of 
use-case insights. Collectively, these activities strengthen the coherence, visibility, and impact of the 6G-PATH 
V&E framework and ensure its integration within the broader European 6G research and innovation ecosystem. 

Key activities include: 

 Contributions to SNS Test Measurement and KPI and KVI validation Working Groups (SNS TMV KPI and 
KVI WGs) (white papers, terminology development, methodological refinement). 

 Active participation in the 6G-IA Social Needs and Value Creation (SNVC) WG, including discussions on a 
joint EuCNC59 special session. 

 Strong involvement in SNS Sustainability WG, leading terminology work for Goal #1. 

 Collaboration with 6G4Society thematic groups on wellbeing, inclusivity, and social acceptance, including 
interviews and document review.  

 Delivery of presentations, workshop outputs, joint reports, and scientific publications. 

 Contributions to cross-project white papers (PPDR, E-Health) and use-case dissemination at major events 
(e.g., MEDICA 202560). 

These interactions substantially elevate the visibility, credibility, and impact of the 6G-PATH V&E framework 
while ensuring that its KPI/KVI methodology aligns with community-wide standards and future 6G research 
directions. 

Table 34: 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.14621168  
 

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 

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

                                                     
56  See: https://smart-networks.europa.eu/sns-ju-working-groups/  
57  For more informative details also see: https://6g-ia.eu  
58  For further informative details also see: https://6g4society.eu/  
59  For further information also see: https://www.eucnc.eu/  
60  Also see: https://www.medica-tradefair.com/en/media-news/medica-live  

https://doi.org/10.5281/zenodo.%2015220945
https://doi.org/10.5281/zenodo.14621168
https://smart-networks.europa.eu/sns-ju-working-groups/
https://6g-ia.eu/
https://6g4society.eu/
https://www.eucnc.eu/
https://www.medica-tradefair.com/en/media-news/medica-live
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cross-project methodological 
harmonisation on sustainability. 

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://www.youtube.com/watch?v=gIdDJHQJp70


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 82  

7 Conclusion  

The first phase of T&Ps in the 6G-PATH project represents a critical milestone in validating both the technical 
feasibility and the value-driven impact of emerging 5G/6G-enabled solutions across heterogeneous application 
domains. This phase presented and applied the project’s V&E framework within real-world trials and pilots, with 
particular emphasis on KVIs as a structured, evidence-based means of capturing societal, business, 
environmental, and service-quality impacts. 

Across all use cases, the cross-use-case analysis reveals recurring value patterns despite differences in domain 
context and deployment maturity. Improvements in productivity, service quality, and operational efficiency are 
consistently validated, with system reliability acting as a foundational enabler of perceived value. The results 
indicate that technical performance (KPIs) plays a systematic role in shaping societal, economic, environmental, 
and user-centric value outcomes (KVIs), confirming the relevance of a common V&E framework while highlighting 
the need for domain-specific adaptation.  

To consolidate the cross-use-case and cross-vertical analysis, Table 35 summarises the dominant value 
mechanisms, enabling conditions, and constraints identified through triangulated KVI evidence across all 6G-
PATH use cases. This table highlights both recurring value patterns and domain-specific differentiation, providing 
a structured basis for Phase-2 refinement. 

Table 35: Cross-Use-Case and Cross-Vertical Value Synthesis (KV-KVI Perspective) 

Value dimension 
/ pattern 

Cross-use-case synthesis Cross-vertical interpretation 

Productivity & 
efficiency 

Most robustly validated value outcome across all use 
cases; associated with improved workflows, 
automation, reuse of digital resources. 

Primary cross-cutting value proposition across all 
verticals, despite differing operational mechanisms. 

System reliability Foundational enabling condition moderating 
satisfaction, trust, adoption, and perceived benefits. 

Precondition for value creation; failure to meet 
reliability thresholds suppresses all other value 
dimensions. 

Operational cost 
savings 

Generally perceived as positive but largely 
unquantified in Phase 1 T&Ps. 

Conditional on usability, scale, and organisational 
readiness; frequently framed as adoption barrier in 
public and mission-critical contexts. 

Trust, privacy, and 
security 

Context-dependent acceptance conditions shaped 
by transparency [10] and governance. 

Not an automatic outcome of technical performance; 
strongly moderated by reliability and data protection 
assurances. 

Environmental 
value 

Strongest validation in smart farming through water 
conservation. 

Highly domain-specific; environmental value emerges 
where direct resource optimisation is observable. 

Social value / digital 
inclusion 

Strongest in education and health use cases. Impact dependent on user context; limited effect 
where barriers are non-technical (e.g. physical or 
organisational). 

Mission-critical 
(PPDR) domains 

Consistently low satisfaction and adoption 
readiness. 

Outlier domain with zero-tolerance requirements and 
explicit benchmarking against legacy systems. 

Cross-vertical 
pattern 

Three recurring value profiles identified. High-engagement (education, health); efficiency-
driven (agriculture, logistics); critical infrastructure 
(smart cities/PPDR). 

 

Overall, the synthesis confirms that while common value mechanisms recur across domains, their realisation and 
acceptance are inherently context-dependent, underscoring the need for standardised core KVIs complemented 
by domain-specific evaluation tracks in Phase 2. 

Building on this cross-use-case perspective, the societal and business impact assessment [43] indicates that 6G-
PATH solutions have credible potential to generate both direct and indirect value across stakeholder groups. 
Economic impacts are most visible through cost savings, productivity gains, and improved resource utilisation. 
At the same time, business value increasingly relates to operational resilience, service quality improvements, 
and enhanced decision support rather than short-term revenue generation alone. Societal impacts are reflected 
in improved safety, training quality, service accessibility, and user satisfaction, particularly in use cases related 
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to agriculture, education, healthcare, and smart cities. Notably, the first-phase results also highlight that business 
and societal value are tightly coupled: stakeholder trust, acceptance, and skills readiness strongly influence the 
realisation of economic benefits. This task remains ongoing within the project, with Phase 2 T&Ps, and deeper 
modelling, stakeholder engagement, and longitudinal analysis to be reported in the forthcoming deliverables 
D6.2 and D6.3, in line with the task T6.3 objectives defined in the project proposal.  

The environmental impact assessment, informed by triangulated KVI evidence and supported by relevant 
external sustainability literature [11], shows that environmental benefits are primarily realised through 
efficiency-driven mechanisms rather than direct technology substitution effects. Across use cases, improved 
energy efficiency, reduced waste, optimised mobility, and lower emissions are linked to better resource 
management, automation, and predictive analytics enabled by advanced connectivity and edge intelligence. 
However, the findings also indicate that environmental value is largely indirect and highly context-dependent, 
often contingent on organisational practices, regulatory frameworks, and complementary system design choices. 
Consequently, environmental impacts should be understood as enabling contributions to broader sustainability 
systems rather than as isolated technological outcomes. 

In parallel with the non-technical evaluation, each use case conducted an initial technical validation, comprising 
KPI measurements collected from system logs, telemetry, traffic analysis, and edge/cloud monitoring tools, 
aligned with WP2 and WP3 specifications. These measurements established a technical baseline confirming the 
operational feasibility of the implemented solutions. Detailed KPI results and analyses are reported separately in 
Deliverable D4.1 and are therefore not reproduced in this report. Instead, the focus here has been on validating 
the methodological linkage between KPIs and KVIs, demonstrating how technical performance can be 
systematically translated into value and impact dimensions. The use-case-level KPIKVI linkage analysis 
presented in this chapter provides a first coherent validation of the Value  Enabler  Performance logic 
underpinning the 6G-PATH V&E framework. 

The assessment of framework effectiveness demonstrates that the 6G-PATH V&E framework provides a 
comprehensive, conceptually sound structure for evaluating performance and value across heterogeneous use 
cases. The separation of KPIs and KVIs, combined with triangulation and iterative refinement, proved effective 
in capturing multi-dimensional impacts and supporting cross-use-case comparability. 

Nevertheless, practical application during first phase of T&Ps revealed several limitations and a comprehensive 
set of lessons learned from first-phase experiments has informed this conclusion. While Phase 1 T&Ps 
successfully demonstrated the feasibility and relevance of integrated technical and value-based evaluation, it 
also revealed a number of methodological, technical, and organisational limitations inherent to early-stage 
experimentation and value assessment. 

Table 36 summarises the main limitations encountered during early-stage trials and the corresponding insights 
gained. 

Table 36: Key Limitations and Lessons Learned from Phase-1 T&Ps 

Dimension Phase-1 limitation observed Lesson learned 
 

KVI measurement Many KVIs capture intangible, long-term value 
outcomes without established benchmarks 

KVI assessment is inherently complex and 
exploratory in early trials 

KPI–KVI linkage Direct one-to-one mapping between KPIs and 
KVIs not always meaningful 

Value often emerges through organisational, 
behavioural, and contextual mechanisms 

KVI catalogue scope Broad and unprioritised KVI sets increased 
respondent burden 

Excessive indicator breadth reduces data 
consistency and response quality 

Stakeholder 
interpretation 

Technical and non-technical stakeholders 
interpreted KVIs differently 

Shared framing and clearer guidance are 
required 

Cross-use-case 
comparability 

Heterogeneous instruments and methods 
across use cases 

Comparability must be designed into the 
framework from the outset 

Stakeholder 
engagement 

Limited number and diversity of external 
stakeholders in some pilots 

Broader and more representative 
stakeholder engagement is needed 
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These findings confirm that Phase 1 primarily served as a methodological validation and learning phase, rather 
than a stage for producing statistically mature impact evidence. 

Building directly on the lessons learned, planned Phase 2 adjustments will focus on consolidation, depth, and 
operational maturity. Table 37 summarises the Phase-2 refinement strategy informed by early-stage trials 
lessons.  

Table 37: Phase-2 Refinement Strategy Informed by Phase-1 Lessons 

Area Phase-2 adjustment 
 

KVI design Streamlining and prioritisation of KVIs, introducing a smaller core KVI set complemented by 
contextual indicators. 

Data collection 
instruments 

Shorter, standardised questionnaires with a harmonised core and sector-specific modules. 

Qualitative methods Stronger triangulation through systematic use of both interviews and focus group discussions 
across all use cases. 

Stakeholder 
engagement 

Expanded number, relevance, and diversity of stakeholders, including non-technical users, 
organisational decision-makers, and public-sector actors. 

KPI evaluation Expanded KPI coverage, refined measurement methodologies, longer observation windows, 
and improved instrumentation. 

KPI–KVI integration Stronger analytical linkage through refined Value → Enabler → Performance logic. 

Tooling and capacity 
building 

Improved KPI/KVI tooling, supported by tutorials, internal guidelines, and targeted workshops. 

 

A key enhancement in Phase 2 is the explicit expansion of stakeholder engagement, moving beyond early 
adopters and technical partners to include a broader and more diverse set of actors. This will strengthen 
representativeness, improve interpretation of value outcomes, and enhance the policy and adoption relevance 
of the evaluation results. 

Overall, the first phase of 6G-PATH T&Ps has successfully established a solid methodological and operational 
foundation for integrated technical and value-based evaluation. While the results presented in this deliverable 
are necessarily preliminary, they provide clear evidence of the V&E framework’s relevance and potential. The 
forthcoming phase will build on this foundation to deliver deeper, more mature, and more comparable impact 
assessments, with consolidated outcomes to be reported in deliverables D6.2 and D6.3.  

Looking ahead, the project’s next steps will prioritise deeper experimentation, longitudinal analysis, and broader 
engagement. KVI-focused workshops will be conducted throughout the coming year to share knowledge, 
harmonise interpretation practices, and foster expert dialogue across partners and external stakeholders. 
Participation in international events, conferences, and SNS-JU working groups is already planned to disseminate 
findings and engage the wider European 6G community. Through these activities, Phase 2 will build on the 
methodological foundation established in the first phase of T&Ps, strengthening both technical validation and 
value-impact assessment to support evidence-based decision-making, policy relevance, and the sustainable 
adoption of future 6G technologies. 
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9 Annex A: Taxonomy and Key Definitions 

The 6G-PATH validation and evaluation framework is underpinned by a structured taxonomy that integrates 
value-driven and performance-driven concepts into a coherent, traceable assessment model. This taxonomy 
enables the project to systematically translate high-level stakeholder values into measurable indicators, identify 
the technical mechanisms that enable those values, and validate them through quantitative performance 
metrics. The approach aligns with established measurement theory, public-value literature, value-mapping 
methodologies (6G-IA SNVC; Wikström et al., 2022 [51]), and KPI frameworks defined by 3GPP, ITU-R IMT-2030 
[23], and the SNS JU TMV Working Group [46].  

1. Key Value (KV): 

A KV represents the highest-level value dimension reflecting what matters to stakeholders across all 6G-
PATH verticals. KVs express the desired non-technical outcomes that the project aims to achieve through its 
technological interventions. In the 6G-PATH ecosystem two KVs (i.e., Sustainability and User Experience) 
frame the societal and experiential goals of the evaluation. 

 KV Domain - To operationalise KVs, 6G-PATH defines KV Domains.  A KV Domain is a thematic sub-
division of a Key Value that groups related areas of societal or experiential impact. Domains provide 
conceptual structure and ensure consistent evaluation across verticals.  

 The Sustainability KV comprises three domains: Environmental, Social, and Economic. 
 The User Experience KV comprises one domain: Service Quality. 

Domains help translate broad Key Values into more operational value categories. 

 KV Family - A KV Family is a cluster of closely related value themes within a domain. KV Families break 
down domain-level concepts into context-specific areas of interest relevant to individual use cases. 
Examples include: 

 Social Domain  KV Families - Health and Wellbeing, Education Quality, Social Inclusion 

 Economic Domain  KV Families- Efficiency, Productivity, Cost Efficiency 

 Service Quality Domain  KV Families - Usability, Responsiveness, Trust and Reliability 

KV Families serve as the intermediate layer that links domains to measurable indicators. 

To further clarify, while the term “KV Family” denotes a thematic grouping of related value aspects within a 
KV Domain, the number of KVIs per family may vary. In some cases, a KV Family may contain only one KVI 
when a single indicator is sufficient to capture the value theme for a given use case. This is entirely acceptable 
within the framework, as families represent conceptual value clusters rather than mandatory multi-indicator 
sets. The structure remains flexible, allowing families to contain one or several KVIs depending on contextual 
relevance and measurability. 

 

2. Key Value Indicator (KVI):  
A KVI is a qualitative or quantitative measure used to assess the extent to which a use case contributes to a 
KV. KVIs “sit” beneath KV Families and represent specific, observable indicators of societal, economic, 
environmental, or user-experience outcomes. 
Each KVI is explicitly linked to: 

 a Key Value (KV) - the overarching value dimension (e.g., Sustainability, User Experience), 

 a KV Domain - the thematic sub-dimension (e.g., Social, Economic, Environmental, Service 
Quality), and 

 a KV Family- the context-specific value cluster within that domain (e.g., Health and Wellbeing, 
Student Engagement, Usability and Trust). 

Within a single KV Family, multiple KVIs may be defined to capture different aspects of the same thematic 
value area. For example: 
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 Health and Wellbeing Family - may include KVIs such as improved patient outcomes, reduced 
caregiver burden, or improved wound assessment accuracy. 

 Student Engagement Family - may include KVIs such as increased engagement, enhanced realism 
in training, or improved learning outcomes. 

Therefore, the technical hierarchy operates in the following structure: KVKV DomainKV FamilyKVI 

In this way, KVIs operationalise higher-level values into measurable units that can be assessed across pilots 
and verticals. 

 

3. Key Value Enabler (KVE): 
A KVE refers to the specific technical features, architectural modules, or system capabilities that enable the 
realisation of a KV. KVEs form the ‘’bridge” between KVIs and technical KPIs.  
Examples include edge computing, XR rendering pipelines, AI analytics modules, sensor integration, and 
network slicing.  

 

4. Key Performance Indicator (KPI):   

KPIs constitute the technical measurement layer of the 6G-PATH framework. While KVs, KV Domains, and KV 
Families capture non-technical value outcomes, the KPI structure captures technical performance, ensuring 
a complete and traceable link between value creation and system behaviour. 

 KPI Domain - To operationalise KPIs, 6G-PATH defines KPI Domains.  The KPI domain represents the 
highest-level grouping of technical performance areas. Similar to KV Domains, KPI Domains categorise 
indicators into broad technical categories to ensure consistency across use cases and platforms. In 6G-
PATH, three KPI Domains are defined, aligned with 3GPP, ITU IMT-2030, and SNS JU guidance:  

 Performance Domain 
 Functional Domain 
 Security Domain 

KPI Domains help structure the technical evaluation and ensure comparability across different testbeds 
and vertical pilots. 

 KPI Family - A KPI Family is a cluster of closely related performance concepts within a KPI Domain. KPI 
Families translate high-level technical domains into specific technical themes relevant to use-case 
validation: 

 Performance Domain KPI Families - Data Rate/ Capacity, Latency, Reliability & Availability 

 Security Domain  KV Families- Privacy, Security, Safety 

As with KV Families, some KPI Families may contain only one KPI when a single metric fully captures the 
technical performance required for a given theme. This flexibility ensures relevance across diverse 
verticals. 

 KPI - A KPI is a specific, quantitative technical metric used to measure the performance of the system, 
platform, or testbed. KPIs represent the lowest level of the performance hierarchy and provide objective 
evidence about system efficiency, functional effectiveness, security robustness, network responsiveness 
and resource usage 

The technical hierarchy mirrors the value hierarchy: KPI Domain  KPI Family  KPI 

 

5. Sustainability KVs 
 These assess the project’s contribution to long-term sustainability goals, categorised into three areas: 
economic, social, and environmental sustainability.  
 Economic Sustainability (KV Domain): Economic Sustainability KV domain reflects the project’s ability to 

generate long-term economic value for stakeholders by improving efficiency, reducing operational costs, 
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enabling productivity gains, and supporting new forms of economic activity made possible through 6G 
technologies. It “captures” how 6G-PATH contributes to financially viable, resource-efficient, and cost-
effective operations across verticals such as healthcare, education, smart cities, and farming. 

 Social Sustainability (KV Domain): Social Sustainability KV domain reflects the project’s contribution to 
human wellbeing, equity, accessibility, and societal resilience. It “captures” outcomes such as improved 
quality of life, enhanced learning experiences, increased safety, better health outcomes, strengthened 
community participation, and reduced inequality through enhanced access to digital services. In 6G-
PATH, this domain assesses how technological innovation supports socially inclusive practices and 
benefits diverse user groups, aligning with SDG-related priorities on health, education, and reduced 
inequalities. 

 Environmental Sustainability (KV Domain): The Environmental Sustainability KV domain focuses on 
minimising ecological impact, promoting energy-efficient operation, and supporting environmental 
resilience through responsible technology deployment. In 6G-PATH, this includes assessing how 
technological components, network behaviours, and operational practices contribute to environmental 
stewardship. The KV aligns with the environmental pillar of the TBL framework and supports EU Green 
Deal objectives. 
 

6. User Experience KVs:  
These indicators focus on overall service quality and user satisfaction, ensuring that end-users (i.e., 
healthcare, education, health, and smart city verticals) experience improvements in their daily operations 
and service interactions. 
 Service Quality (KV Domain): This category focuses on qualitative aspects of providing a quality service 

associated with the areas, including network reliability, data accessibility, ease of use, and 
trustworthiness of the system. Further, it measures user satisfaction, the degree to which the system 
meets user needs and expectations, evaluated through feedback mechanisms such as surveys, 
interviews, and focus groups. High user satisfaction is essential to drive adoption and maximise the 
impact of 6G-PATH innovations. 
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10 Annex B: Risk Register 
Table 38: summary of Cross-Use-Case Risks, Severity, and Mitigation Strategies 

Risk ID Description of 
Risk 

UCs 
Reported 

Potential Impact 
on Pilot 

Likeli-
hood / 
Severity 

Risk 
Zone 

Mitigation Strategy 

TR-1 Network instability 
(rural Wi-Fi, wire-
less bottlenecks, jit-
ter under scale) 

F1/F2, 
EDU1, 
EDU3, H1, 
H2, SC1, 
SC2, SC3 

Degraded QoE, in-
consistent XR/AR 
performance, unre-
liable KPI/KVI meas-
urements 

High / 
High 

Critical 

Deploy hybrid Wi-Fi + LTE/5G; 
auxiliary routers; redundancy; 
vendor optimisation of wireless 
segment; automated sync diag-
nostics 

TR-2 Limited telemetry 
export (XR dash-
boards, AR plat-
forms, sensor APIs) 

EDU1, SC3 Low KPI granularity; 
increased manual 
workload 

Medium / 
Medium 

Medium 

Deploy Digitaliada & ORO teleme-
try; manual logging fall-back; au-
tomate KPI collection (ELCM) 

TR-3 Integration com-
plexity with sen-
sors/actua-
tors/XR/AR de-
vices/testbeds 

F1/F2, 
EDU2, EDU3 

Integration delays; 
need for custom 
middleware; re-
duced comparabil-
ity 

High / 
Medium 

High 

Develop custom middleware; de-
couple app ↔ testbed develop-
ment; improve coordination and 
API alignment 

TR-4 Edge hardware fail-
ures or resource 
overflow 

F1/F2, H1 System interrup-
tions; data loss; 
manual fall-back 

Medium / 
High High 

Thermal management; resource 
limiting (Kubernetes); redun-
dancy/failover mechanisms 

TR-5 Video/audio quality 
variability affecting 
trials 

EDU3, 
EDU1, H1 

Distorted user-ex-
perience; unreliable 
qualitative/quanti-
tative results 

Medium / 
Medium 

Medium 

Dedicated technical trials; new 
camera/display improvements; 
pre-session calibration 

TR-6 Backend/system 
readiness issues (in-
complete backend, 
missing features) 

H2, H1, 
EDU2, EDU3 

Trial delays; inabil-
ity to run full E2E 
flows; incomplete 
KPI sets 

High / 
High 

Critical 

Backend stabilisation; redun-
dancy; buffer time; complete E2E 
functionality (e.g., fall-alert pipe-
line) 

TR-7 Device limitations 
(battery <24h, in-
sufficient XR/AR 
headsets) 

H2, EDU3 Short trial duration; 
limited throughput 

Medium / 
Medium 

Medium 

Battery optimisation; additional 
devices; sequential testing proto-
cols 

TR-8 Testbed limitations 
(lab ≠ real world) 

F1/F2, H2, 
SC1, SC3, 
EDU2 

Limited generalisa-
bility; unrealistic 
KPIs 

Medium / 
High High 

Hybrid lab-field trials; scenario di-
versification; realistic traffic mod-
els; production-like data payloads 

NTR-1 Participant recruit-
ment difficulties 

EDU2, 
EDU3, H1, 
H2, SC3, 
F1/F2 

Small samples; 
weak KVI/KPI ro-
bustness 

High / 
High 

Critical 

Targeted recruitment; incentives; 
early engagement; multi-site tri-
als; collaboration with institutions 

NTR-2 Stakeholder re-
sistance / low en-
gagement 

F1/F2, SC2 Manual override; 
biased feedback; 
poor continuity 

Medium / 
High High 

Training; clear value proposition; 
continuous engagement; progres-
sive pilot onboarding 

NTR-3 Privacy/GDPR/eth-
ics constraints 

H1, H2, 
EDU1, 
EDU2, SC3 

Restricted data ac-
cess; ethics delays 

High / 
High Critical 

Encryption; pseudonymisation; 
secure storage; GDPR compliance; 
ethics approvals; transparency 

NTR-4 Data-sharing delays 
between partners 

F1/F2 Integration delays; 
calibration prob-
lems 

Medium / 
Medium Medium 

Clear data-sharing protocols; early 
API definitions; buffer time in in-
tegration 

NTR-5 Limited diversity of 
participants 

EDU1, 
EDU2, SC3, 
H2 

Biased results; lim-
ited inclusiveness 

Medium / 
Medium Medium 

Targeted outreach; demographic 
diversification; accessible recruit-
ment channels 

NTR-6 Time constraints for 
teachers/clini-
cians/staff 

EDU1, H1, 
H2 

Reduced data; frag-
mented sessions 

Medium / 
Medium Medium 

Short surveys; flexible scheduling; 
integrated workshop-based feed-
back 
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MTR-1 Small sample sizes All UCs Lower statistical 
confidence; weak 
generalisability 

High / 
High Critical 

Larger Phase-2 samples (n≥30); 
multi-site recruitment; repeated 
measurements 

MTR-2 Short-term assess-
ment windows 

EDU1, 
EDU2, H1, 
H2, F1/F2, 
SC3 

Cannot capture 
long-term impact 

Medium / 
Medium 

Medium 

2-3-month longitudinal Phase-2 
studies; projection models; fol-
low-up assessments 

MTR-3 Attribution chal-
lenges 

EDU2, 
EDU3, SC3, 
F1/F2, H2 

Ambiguous causal-
ity; unclear 6G con-
tribution 

High / 
High Critical 

Control groups; pre/post studies; 
qualitative triangulation; dedi-
cated KPI/KVI trials 

MTR-4 Ambiguous/broad 
KVI definitions 

EDU1, 
EDU2, 
EDU3, SC3 

Inconsistent survey 
mapping; validity is-
sues 

Medium / 
Medium Medium 

Refine KVI/KPI definitions; trian-
gulation; standardised measure-
ment items 

MTR-5 Non-standard KPI 
measurement 
across testbeds 

F1/F2, 
EDU1, EDU2 

Cross-UC incompa-
rability 

Medium / 
Medium Medium 

Align to 3GPP/SNS measurement 
standards; unified validation pro-
tocol 

MTR-6 Confounding varia-
bles (weather, 
workflow, prior fa-
miliarity) 

F1/F2, H1, 
H2 

Reduced clarity of 
6G impact 

Medium / 
Medium 

Medium 

Multiple locations; statistical con-
trols; scenario diversification 

MTR-7 Framework ma-
turity limitations 
(Phase 1 version) 

All UCs Gaps in process; in-
consistent adoption 

Medium / 
Medium Medium 

WP6 refinement workshops; iter-
ative updates; alignment with 
other SNS projects 
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11  Annex C: KPI and KVI Definitions and Evaluation Results 

UC-FARM-1 - Water Saving 

Key Performance Indicators’ Identification and Definition 
 

Table 39: UC-FARM-1 KPI identification and definition 

KPI Family KPI Name Description Target Measuring Methodology 
Video performance 
 

Video 
Resolution 

Resolution of the video 
delivered by the drone 
camera using a 5G 
connection 

4K video transmission Ffmpeg tool61 is used for the 
video streaming, video 
resolution is reported by 
ffmpeg tool. 

Frame rate Number of frames per 
second 

20-30 fps (minimum 
acceptable) >60 fps (high-
speed operations) 

ffmpeg tool is used for video 
streaming, frame rate is 
reported by ffmpeg tool. 

 Video bit rate Transmission rate of 
encoded video 

10-30Mbps Traffic is captured via tshark62 
and analysed  

 Dropped frames Percentage of discarded 
frames 

1-3%  ffmpeg metrics 

 Jitter Jitter as defined in IETF 
3550 RTP63 

ms Traffic is captured via tshark 
and analysed  

 Total upload bit 
rate 

Total bitrate of the RTSP 
stream 

Bps ffmpeg metrics 

Drone control 
performance 
 

Drone control 
Throughput 

Minimum throughput 
needed to transmit 
control commands and 
telemetry 

>1Mbps Wireshark64 

Drone control 
Packet loss 

Percentage of lost packets 
in communication 

1%-2% Drone telemetry (mission 
planer tool provides control 
packet loss metric) 

Drone control 
latency 

Jitter in the 
MAV link 
protocol65 

Maximum latency in the 
communication with the 
drone 

40-50ms is desirable for 
precise control and the 
ability to react 

TIMESYNC commands over 
MAV link protocol 

Coverage RSSI, RSRP, 
RSRQ, SINR 

Radio propagation 
conditions 

RSSI (>80dBm), RSRP 
(>90dBm), RSRQ (>15 
dBm), SINR (>15dBm) 

Nemo Handy tool66 

Data rate/capacity DL Peak user 
data rate 

Max achievable data rate 
for serving a single user 
(downlink) 

100 Mbps(Band 40 - 20 
MHz of Bandwith) 

Iperf67 

                                                     
61  For more details also see: https://www.ffmpeg.org/about.html  
62  For further details also see: https://tshark.dev/   
63  For more details see: https://www.rfc-editor.org/rfc/rfc3550.html  
64  For further details also see: https://www.wireshark.org/  
65  MAVLink (Micro Air Vehicle Link) is a lightweight, open-source messaging protocol for communication between drones (UAVs), ground 

control stations (GCSs), and other autonomous systems, acting as a universal language for these devices to share telemetry, 
commands, and status updates efficiently over low-bandwidth links. Also see: https://mavlink.io/en/  

66  Nemo Handy is an Android application that enables measuring wireless diagnostics information of air interface and mobile application 
quality-of-service (QoS) and quality-of-experience (QoE). For further informative details also see: 
https://www.keysight.com/us/en/product/NTH50047B/nemo-handy-handheld-measurement-solution.html  

67  Iperf, iperf, or iPerf, is a tool for network performance measurement and tuning. It is a cross-platform tool that can produce 
standardized performance measurements for any network. Iperf has client and server functionality, and can create data streams to 
measure the throughput between the two ends in one or both directions. Typical iperf output contains a time-stamped report of the 
amount of data transferred and the throughput measured. Also see: https://iperf.fr/  

https://www.ffmpeg.org/about.html
https://tshark.dev/
https://www.rfc-editor.org/rfc/rfc3550.html
https://www.wireshark.org/
https://mavlink.io/en/
https://www.keysight.com/us/en/product/NTH50047B/nemo-handy-handheld-measurement-solution.html
https://iperf.fr/
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UL Peak user 
data rate 

Max achievable data rate 
for serving a single user 
(uplink) 

50 Mbps (Band 40 –20 
MHz of Bandwith) 

Iperf 

Latency RTT Latency Round trip time from the 
drone to the remote 
control server located in 
the edge 

30-40ms Ping 

Key Value Indicators’ Identification and Definition 
 

Table 40: UC-FARM-1 KVI identification and definition 

KV Family KVI KVE Definition UN 
SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
Real-time IoT sensors; 
automated irrigation 
control; AI-based irrigation 
optimisation 

Measures reductions in operational costs 
(labour, water, fertiliser, machinery use) 
enabled by precise real-time 
measurements and automated 
interventions. 

SDG 
8.2, 
SDG 
12.2 

Economic 
Performance & 
Growth 

EC-KVI2: Profit Increase High-frequency sensor 
data processing, drone 
image analytics, edge 
computing 

Assesses increases in farm profitability 
enabled by improved yield planning, 
reduced losses and enhanced 
operational efficiency. 

SDG 
2.3, 
SDG 
8.1 

Economic 
Performance & 
Growth 

EC-KVI3: New Revenue 
Streams 

Data analytics platform; 
irrigation decision-support 
services 

Evaluates whether 6G-enabled data 
insights support diversification into 
premium markets or advisory/data 
services. 

SDG 
9.5, 
SDG 
8.3 

Productivity EC-KVI4: Productivity & 
Efficiency Gains 

IoT sensing network; real-
time monitoring; URLLC-
enabled machinery control 

Measures productivity improvements in 
vineyard operations (better planning, 
fewer manual inspections, proactive 
interventions). 

SDG 
2.4, 
SDG 
8.2 

Resource Efficiency EC-KVI5: Resource Use 
Efficiency 

Edge computing; AI-driven 
resource optimisation 

Measures more efficient and sustainable 
use of water, fertiliser, and energy 
through targeted decision-making. 

SDG 
12.2, 
SDG 
6.4 

KV DomainSocial KV 

Health & Wellbeing 
SS-KVI12: Food Security 
Contribution 

Drone-based phenology 
detection; hydric stress 
analytics 

Assesses increased contribution to food 
security through improved yield stability 
and climate-resilient crop management. 

SDG 
2.1, 
SDG 
2.4 

Health & Wellbeing 
SS-KVI2: Quality of Life 
Improvements 

Automation; reduced 
manual workload; remote 
monitoring 

Measures time saved for farmers 
through reduced manual inspections and 
simplified daily routines. 

SDG 
8.2, 
SDG 
3.4 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Digital training modules; 
AI-driven insights 

Reflects adoption rates of 6G-powered 
agricultural technologies and digital 
literacy improvements. 

SDG 
4.4, 
SDG 
9.c 

Social Inclusion & 
Equity 

SS-KVI5: Equity of Access 
to Services 

Cloud-enabled data 
sharing; low-cost IoT 
devices 

Measures how digital tools support 
compliance with water, soil, and 
environmental regulations, and enhance 
engagement with local policies. 

SDG 
6.5, 
SDG 
12.4 

Community 
Resilience & Trust 

SS-KVI9: Community 
Engagement & Trust 

Transparency dashboards; 
Public data-sharing 

Refers to how environmental monitoring 
and policy engagement enhance trust 
between farmers, regulators, and local 
communities. 

SDG 
13.1, 
SDG 
11.b 

KV DomainEnvironmental KV 
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Environmental 
Sustainability 

ENV-KVI1: Water 
Conservation 

IoT-based irrigation; Hydric 
stress analytics 

Measures reduced water consumption 
through real-time evapotranspiration 
and hydric balance monitoring. 

SDG 
6.4, 
SDG 
12.2 

Environmental 
Sustainability 

ENV-KVI2: Energy 
Efficiency 

Energy-efficient sensor 
networks; Optimised 
drone routes 

Assesses reduction in energy use 
(fuel/electricity) through digital precision 
operations. 

SDG 
7.3, 
SDG 
13.2 

Environmental 
Sustainability 

ENV-KVI3: Soil & Land 
Health 

Soil moisture sensing; 
Environmental condition 
monitoring 

Measures improvements in soil 
conservation, fertility, and long-term 
ecosystem health. 

SDG 
15.3 

Climate & Emissions 
Reduction 

ENV-KVI4: Climate 
Resilience Contribution 

Phenology modelling; 
Climate impact 
dashboards 

Evaluates contributions to climate 
resilience via early detection, drought 
modelling, and adaptive crop strategies. 

SDG 
13.1, 
SDG 
2.4 

KV Domain User Experience 

KV DomainService Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Intuitive interfaces; Visual 
dashboards 

Measures overall satisfaction of farmers 
when using 6G-enabled agriculture 
features. 

SDG 
9.c 

User Satisfaction & 
Perception 

SQ-KVI2: System 
Trustworthiness 

Secure data handling; 
Audit logs 

Measures trust in 6G solutions regarding 
safety, accuracy and integrity. 

SDG 
16.6 

Usability & 
Accessibility 

SQ-KVI4: Perceived Ease 
of Use 

Simple UI/UX; Automated 
reports 

Assesses ease of interacting with 6G-
enabled systems for daily farm tasks. 

SDG 
4.4 

Usability & 
Accessibility 

SQ-KVI5: Data/Service 
Accessibility 

API-based data access 
Measures ease of retrieving hydric, 
weather or crop data in real time. 

SDG 
12.2 

System Reliability & 
Performance 

SQ-KVI6: Perceived 
System Reliability 

Stable connectivity; Fault-
tolerant protocols 

Measures perceived continuity and 
accuracy of data streams and services. 

SDG 
9.1 

System Reliability & 
Performance 

SQ-KVI7: Perceived 
Responsiveness 

Low-latency data delivery; 
Edge computing 

Reflects perceived speed of updates, 
alerts, and system reactions. 

SDG 
11.3 

System Reliability & 
Performance 

SQ-KVI8: Perceived 
Scalability 

Scalable sensor networks 
Assesses perceived ability of the system 
to expand with larger plots or more 
sensors. 

SDG 
9.1 

Engagement & 
Content Quality 

SQ-KVI10: Content 
Quality 

High-resolution 
visualisation; Analytics 

Measures perceived quality, relevance 
and usefulness of digital agriculture 
insights. 

SDG 
4.7 

Evaluation 
Table 41: UC-FARM-1 Interview’s results 

Related KVI Theme Key Insights of Findings Feedback Key Stake-holder Stakeholder Quotes 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Digital Inclusion Stakeholders highlighted 
that limited or unstable 
connectivity remains a 
major barrier for deploying 
advanced digital agriculture 
solutions in rural 
environments. 

Negative Cooperative of 
subtropical fruit 
crops (Director of R 
and D) 

“We only get 2G at best 
in my area”. 

EC-KVI1: 
Operational Cost 
Savings 

Affordability Interviewees stressed that 
solutions must remain 
economically affordable for 
farmers, otherwise 
adoption will be limited 
despite technical benefits. 

Positive Bank Foundation “It is very important that 
farmers feel the 
technology as 
something easy to use 
and cheap to purchase”. 

EC-KVI4: 
Productivity & 
Efficiency Gains 

Yield prediction The ability to predict yields 
months in advance was 
seen as critical for 
improving planning, 
logistics, and financial 

Positive President of the 
association of 
growers 

“One of the most 
desired outcomes from 
the growers is the 
prediction of the crop 
productivity”. 
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decision-making in 
agricultural businesses. 

SS-KVI7: 
Technology 
Adoption & 
Digital Uptake 

Attraction of 
young people to 
rural areas 

Stakeholders noted that 
digital, data-driven farming 
tools could help make 
agriculture more attractive 
to younger generations, 
addressing ageing 
workforce challenges. 

Positive Commercialisation 
of subtropical fruits 
(Tropical Fruit) 

“It is essential to make 
the fields attractive to 
young people because 
the rural is getting 
isolated; technology will 
help for sure!”. 

ENV-KVI1: Water 
Conservation 

More efficient 
use of water 

Saving irrigation water was 
identified as both an 
environmental necessity 
and an economic 
advantage, particularly 
under climate stress 
conditions. 

Positive Grower “We need to know 
exactly how the 
technology is going to 
be applied because 
water is becoming a 
jewel”. 

SQ-KVI6: 
Perceived System 
Reliability 

Network 
reliability 

Reliable connectivity was 
repeatedly mentioned as 
essential for trust in real-
time monitoring and 
automated irrigation 
decisions. 

Neutral Grower “Connectivity is required 
in the rural areas, but 
we are concerned with 
the affordability of the 
system”. 

SQ-KVI5: Data / 
Service 
Accessibility 

Data 
accessibility 

Farmers reported having 
large volumes of data but 
lacking the ability to access, 
process, and use it 
effectively without 
automated platforms. 

Medium Commercialization 
of subtropical fruits 
(Tropical Fruit) 

“What to do with data is 
very important from 
many perspectives, for 
example managing data 
to learn from the past”. 

SQ-KVI2: System 
Trustworthiness 

System 
trustworthiness 

Transparency of metrics 
and clear communication of 
system performance 
increased trust and 
acceptance among 
stakeholders. 

Reluctant Grower “I am not sure to which 
extent this system could 
be applied to regions 
with low connectivity”. 

 

Table 42: UC-FARM-1 Focus Group Discussions’ results 

KVI Theme Summary of Findings/ Key Insight Stakeholder 
 

Participant/Group 
Quotes 

SQ-KVI2: System 
Trustworthiness 

Privacy 
Awareness 

Trust in digital agricultural systems is 
strongly linked to social acceptance and 
the perception of being meaningfully 
connected, not solely to economic 
benefits. 

Director of rural 
development 

“Deployment of 
networks in rural areas 
should respond to 
social factors, not only 
economic” - P1 

EC-KVI1: 
Operational Cost 
Savings 

Advice on 
sustainability 

Expert guidance on selecting appropriate 
sensors and applications is critical to 
ensure economically sustainable and 
efficient technology adoption. 

Infrastructure 
provider 

“Sovereign on the 
capacity of 
stakeholders to use in a 
simple way the 
technology”- P2 

ENV-KVI1: Water 
Conservation 

Connectivity as 
an enabler 

Reliable, real-time connectivity enables 
the integration of sensor readings with 
video analytics, forming the basis for 
advanced, automated agricultural 
operations. 

Innovation 
centre 

“Autonomous driving 
along with real time 
video transmission is 
the future of 
agriculture”- P3 

SQ-KVI5: Data / 
Service Accessibility 

Transference of 
data to the 
sector 

Data value creation depends on effective 
collaboration between interdisciplinary 
actors to transform raw data into usable 
knowledge for the sector. 

Private company “Processing of data 
requires the knowledge 
of different actors” - P4 
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EC-KVI4: 
Productivity & 
Efficiency Gains 

Comparative 
data 

Benchmarking farm-level data against 
regional or national averages is perceived 
as essential for informed decision-making 
and productivity improvement. 

Cooperative “The producer 
acknowledges the 
evaluation of data 
compared with the 
average at the national 
level for example” - P5 

SS-KVI1: Improved 
Public Health & 
Food Security 

Connectivity as 
part of the 
productive chain 

Integrating connectivity across the 
agricultural value chain is viewed as a 
mechanism for improving food security 
and system-level resilience. 

Innovation 
centre 

“Data value in the 
productive chain 
means that we will 
ensure security in the 
food supply” - P6 

EC-KVI4: 
Productivity & 
Efficiency Gains 

Historical data 
for modelling 

Predictive models must be tailored to 
crop-specific and stakeholder-specific 
conditions to remain effective under 
changing environmental factors. 

Company that 
operates with 
technology in 
agriculture 

“When we worked with 
farmers, the 
environmental 
conditions changed 
constantly our 
predictions” - P7 

SQ-KVI2: System 
Trustworthiness 

Resources 
managed 
efficiently may 
be profitable 

Farmers value meaningful, interpretable 
insights rather than raw data; confidence 
increases when outputs are 
communicated in accessible language. 

Cooperative of 
subtropical fruits 

“Farmers do not need 
the data, they need to 
give a meaning, using a 
language that is 
accessible” - P8 

EC-KVI4: 
Productivity & 
Efficiency Gains 

Deep neural 
networks 
require a 
minimum of 
data for 
interesting 
results 

Water availability is recognised as a 
dominant variable influencing yield, 
making water-efficient modelling central 
to economic performance. 

University 
Researcher 

“Water is one of the 
variables that affects 
the most to 
production” - P9 

ENV-KVI4: Climate 
Resilience & 
Adaptation 

Climate change 
and productivity 

Continuous refinement of data and 
models is required to respond effectively 
to climate variability; technology is seen 
as an enabler rather than a standalone 
solution. 

Cooperative “There is no sense on 
using any model 
without considering 
climate change; 
technology will help, 
not as a magic wand, 
but as an enabler to 
combat the effects of 
climate change” - P10 

SQ-KVI2: System 
Trustworthiness 

Privacy 
Awareness 

Trust in digital agricultural systems is 
strongly linked to social acceptance and 
the perception of being meaningfully 
connected, not solely to economic 
benefits. 

Director of rural 
development 

“Deployment of 
networks in rural areas 
should respond to 
social factors, not only 
economic” - P1 

EC-KVI1: 
Operational Cost 
Savings 

Advice on 
sustainability 

Expert guidance on selecting appropriate 
sensors and applications is critical to 
ensure economically sustainable and 
efficient technology adoption. 

Infrastructure 
provider 

“Sovereign on the 
capacity of 
stakeholders to use in a 
simple way the 
technology” - P2 

ENV-KVI1: Water 
Conservation 

Connectivity as 
an enabler 

Reliable, real-time connectivity enables 
the integration of sensor readings with 
video analytics, forming the basis for 
advanced, automated agricultural 
operations. 

Innovation 
centre 

“Autonomous driving 
along with real time 
video transmission is 
the future of 
agriculture”- P3 
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Table 43: UC-FARM-1 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 
 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree (%) 

6G's ability to reduce labor costs 4.25 0.90 47.51 30.90 16.02 3.87 2.21 

Importance of automated irrigation 
based on real-time data 

4.08 0.87 45.30 
 

31.49 
 

17.13 
 

4.42 
 

1.66 

Use of sensors and real-time data 
monitoring for water saving 

4.33 0.78 53.04 
 

36.91 
 

8.29% 
 

1.66 
 

0.00 

Interest in 6G's capabilities to optimize 
water usage 

4.13 0.90 38.12 
 

36.46 
 

17.68 
 

6.08 
 

1.66 

Cost savings associated with automated 
vehicles (real-time phenology 
monitoring) 

4.15 0.86 42.54 
 

34.25 
 

17.68 
 

3.87 
 

1.66 

Ability to predict productivity ahead of 
harvest (via 6G) 

4.32 0.78 51.38 
 

35.36 
 

10.50 
 

2.21 
 

0.55 

Ability for automated decision-making 
(e.g., irrigation) in agriculture with 6G 

4.16 0.79 38.12 
 

34.81 
 

22.65 
 

3.31 
 

1.10 

Ability for remote control in agricultural 
business with 6G 

4.17 0.84 43.10 
 

33.15 
 

18.23 
 

3.87 
 

1.66 

Implementation of 5G-6G network in 
your business 

04.02 0.83 40.33 
 

28.73 
 

24.86 
 

4.42 
 

1.66 

Possibilities to expand your business 
after 5G-6G implementation 

04.08 0.95 39.78 
 

33.15 
 

18.23 
 

6.63 
 

2.21 

Impact of 6G on water saving in the 
surrounding environment 

4.16 0.86 38.67 
 

35.36 
 

20.44 
 

3.87 
 

1.66 

Value of 6G implementation in rural 
area agriculture 

04.08 0.86 38.67 
 

34.25 
 

20.44 
 

4.97 
 

1.66 

Possibility of product quality 
improvement with 6G in your business 

4.17 0.84 38.67 
 

35.36 
 

19.34 
 

4.42 
 

2.21 

Value of 6G solution costs compensating 
investment and generating profit 

3.97 0.87 36.91 
 

28.18 
 

23.20 
 

8.29 
 

3.31 

Possibility of product traceability 
improvement with 6G in your business 

4.18 0.83 36.91 
 

28.18 
 

23.20 
 

8.29 
 

3.31 

Value of resilience improvement in your 
business thanks to 6G 

04.05 0.85 41.44 
 

31.49 
 

19.89 
 

5.52 
 

1.66 

Possibility of product traceability 
improvement with 6G in your business 

4.18 0.83 43.10 
 

33.70 
 

17.68 
 

4.42 
 

1.10 
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UC-FARM-2 - Smart Vineyards 

Key Performance Indicators’ Identification and Definition 
 

Table 44: UC-FARM-2 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 

Data 
rate/capacity 

User-Experienced 
Data Rate 

Sustained uplink speed for transferring 
high-resolution drone analytic results 
from the Edge node to the Cloud 
platform. 

100 Mbps Calculated by monitoring the 
payload transfer of a 
completed flight mission: 
(Total Data Volume) / (Total 
Transfer Time) 

Latency E2E Latency The round-trip time (RTT) for critical 
control commands sent between the Edge 
controller and the AGV/AAV. 

30 ms Measurement using 
ICMP/UDP68 probing 
(Ping/MTR69) between the 
Edge device and the AGV/AAV. 

Compute Data Transfer 
Reduction 

Efficiency in reducing backhaul traffic by 
processing raw sensor/image data at the 
Edge before Cloud transmission. 

0.30 Ratio of data volume sent to 
Cloud vs. total raw data 
generated on-site: (Egress 
Data) / (Ingress Raw Data). 

Compute Cost Efficiency Improvement in operational cost-per-job 
by utilising local Edge resources over 
Cloud compute instances. 

>30% Financial comparison of 
infrastructure costs 
(Compute/Storage) per MB 
processed on Cloud vs. local 
Edge. 

AI-Related 
Capabilities 

Model Accuracy Precision of the soil moisture prediction 
model compared to physical ground-truth 
sensor data. 

>90% Statistical validation using 
Mean Absolute Percentage 
Error70 (MAPE) comparing 
model outputs vs. physical 
probe measurements. 

Operational 
efficiency 

E2E Processing Time Speed improvement in job execution 
(inference/analytics) when offloaded to 
the Edge compared to a Cloud-only 
baseline. 

>30% Comparative timing logs: 
(Total Processing Time via 
Cloud) - (Total Processing Time 
via Edge). 

 

                                                     
68  ICMP (Internet Control Message Protocol) and UDP (User Datagram Protocol) are both crucial, connectionless protocols in the IP suite, 

but serve different purposes: UDP is for fast, unreliable data transport (like streaming/gaming), while ICMP is for network diagnostics 
and error reporting (like Ping/Traceroute), announcing issues like unreachable hosts or network congestion to help troubleshoot the 
underlying IP layer, not for carrying user data itself. Think of UDP as sending a postcard (fast, no delivery confirmation) and ICMP as 
sending a “return to sender” or “address unknown” note. 

69  Ping and MTR (My Traceroute) are essential network diagnostic tools: Ping checks if a host is reachable and measures round-trip time 
(latency) using ICMP packets, while MTR combines Ping and Traceroute to continuously monitor the entire path, showing latency and 
packet loss for each router (hop) between your machine and the destination, helping pinpoint where network issues (like slowdowns 
or failures) are occurring. MTR provides a dynamic, detailed view of network health, making it superior for diagnosing complex 
problems compared to a single Ping or Traceroute. 

70  Mean Absolute Percentage Error (MAPE) is a common metric for forecast accuracy, showing average forecast error as a percentage 
of actual values, making it easy to interpret and compare different models. It's calculated by averaging the absolute percentage 
differences between actual and predicted values, but it can become skewed or infinite if actual values are zero or very small, leading 
to the use of variations like Weighted MAPE (WMAPE). Also see: https://en.wikipedia.org/wiki/Mean_absolute_percentage_error  

https://en.wikipedia.org/wiki/Mean_absolute_percentage_error


D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 100  

Key Value Indicators’ Identification and Definition 
 

Table 45: UC-FARM-2 KVI identification and definition 

KV Family KVI KVE Definition Related 
UN 
SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
AI-driven irrigation 
optimisation; edge 
analytics; private 5G/6G 
connectivity 

Reduction in operational expenditure 
through optimised irrigation, reduced 
fertiliser usage, lower labour intensity, 
and energy savings enabled by real-time 
data and automation. 

SDG 2, 
SDG 8, 
SDG 12 

Productivity EC-KVI4: Productivity & 
Efficiency Gains 

Real-time sensor fusion; 
AAV/AGV monitoring; 
edge computing 

Improvements in crop yield, operational 
throughput, and decision-making 
efficiency through real-time monitoring 
and AI-supported crop management. 

SDG 2, 
SDG 8 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Precision sensing; AI/ML 
models; mMTC slice 

More efficient utilisation of water, 
fertilisers, energy, and labour through 
data-driven, plant-level interventions. 

SDG 12, 
SDG 9 

Economic 
Performance & 
Growth 

EC-KVI2: Profit Increase Yield prediction models; 
quality optimisation; 
digital advisory services 

Increased profit margins driven by 
improved yields, higher product quality, 
reduced losses, and time savings enabled 
by intelligent farming systems. 

SDG 8 

Economic 
Performance & 
Growth 

EC-KVI3: New Revenue 
Streams 

Data monetisation; 
digital farming services; 
connectivity platforms 

Creation of new revenue opportunities 
via premium products, data-driven 
advisory services, eco-certifications, and 
smart-farming platforms. 

SDG 8, 
SDG 9 

KV DomainSocial KV 

Health & Wellbeing 
SS-KVI1: Improved 
Public Health & Safety 

Reduced chemical use; 
automation; safer 
machinery operation 

Improved safety for agricultural workers 
and surrounding communities through 
reduced exposure to hazardous practices 
and safer automated operations. 

SDG 3 

Health & Wellbeing 
SS-KVI2: Enhanced 
Quality of Life 

Automation; remote 
monitoring; decision-
support tools 

Improved physical and mental wellbeing 
of farmers through reduced workload, 
time savings, and lower stress from data-
supported decision-making. 

SDG 3,  
SDG 8 

Social Inclusion & 
Equity 

SS-KVI3: Digital Inclusion 
& Accessibility 

Private 5G/6G coverage; 
Terraview Crates; edge 
connectivity 

Improved access to digital tools and 
services for rural and remote farming 
communities. 

SDG 9,  
SDG 10 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

Training activities; user-
friendly platforms; 
XR/visual analytics 

Enhanced digital literacy and capacity of 
farmers to adopt advanced agricultural 
technologies. 

SDG 4 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Modular deployment; 
interoperable systems; 
private networks 

Increased adoption of smart-farming 
technologies enabled by ease of use, 
demonstrable benefits, and local 
deployment models. 

SDG 9 

Community 
Wellbeing & 
Resilience 

SS-KVI9: Increased 
Community 
Engagement & Trust 

Transparent data 
sharing; cooperative 
involvement; 
stakeholder dialogue 

Strengthened trust and engagement 
among farmers, cooperatives, and public 
authorities through transparent, value-
driven deployment. 

SDG 11 

KV DomainEnvironmental KV 

Environmental 
Sustainability 

ENV-KVI1: Water 
Conservation 

Soil moisture sensors; 
phenology-aware 
irrigation; edge analytics 

Reduction in water consumption through 
precise, real-time irrigation aligned with 
plant phenological stages. 

SDG 6 

Environmental 
Sustainability 

ENV-KVI2: Energy 
Efficiency 

Reduced machinery use; 
optimised routing; 

Lower energy consumption through 
automation, reduced fuel usage, and 
optimised resource deployment. 

SDG 7 
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energy-aware 
scheduling 

Environmental 
Sustainability 

ENV-KVI3: Soil/Land 
Health 

Continuous soil sensing; 
AI-based interventions 

Preservation and improvement of soil 
health through timely, data-driven 
interventions and reduced over-
exploitation. 

SDG 15 

Climate & Emissions 
Reduction 

ENV-KVI4: Climate 
Resilience 

Longitudinal data 
collection; predictive 
modelling 

Increased resilience to climate variability 
through adaptive irrigation strategies 
and phenological monitoring. 

SDG 13 

KV  User Experience 

KV DomainService Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Intuitive dashboards; 
reliable connectivity; 
decision support 

Overall satisfaction of farmers with the 
usability and perceived benefits of the 
smart-farming system. 

SDG 9 

Usability & 
Accessibility 

SQ-KVI4: Perceived Ease 
of Use 

User-centred design; 
simplified interfaces 

Perceived simplicity and usability of 
smart-farming tools and platforms. 

SDG 9 

System Reliability & 
Performance 

SQ-KVI6: Perceived 
System Reliability 

URLLC slice; private 
network; edge 
deployment 

Perceived reliability and stability of 
connectivity and data services supporting 
farming operations. 

SDG 9 

Usability & 
Accessibility 

SQ-KVI5: Data/Service 
Accessibility 

Edge-hosted services; 
local data processing 

Ease of access to real-time crop, soil, and 
environmental data. 

SDG 9 

System Reliability & 
Performance 

SQ-KVI8: Perceived 
Scalability 

Modular Terraview 
Crates; cloud-edge 
continuum 

Ability of the system to scale with 
increasing sensors, plots, and operational 
complexity. 

SDG 9 

User Satisfaction & 
Perception 

SQ-KVI2: System 
Trustworthiness 

Secure private network; 
transparent analytics 

Degree of trust users place in system 
outputs, data integrity, and decision 
recommendations. 

SDG 16 

Evaluation 
Table 46: UC-FARM-2 Interview’s results 

KVI Theme Summary of Findings/ Key 
Insight 

Positive/ 
Negative 
 

Key 
Stakeholder 

Stakeholder Quotes 

SQ-KVI8: 
Perceived 
Scalability 

Scalability & 
Ops 

Stakeholders highlighted 
challenges in scaling insights 
from experimental plots to 
whole-farm operations, noting 
that while drone-based 
monitoring reduces fuel use, it 
introduces additional 
preparation and operational 
complexity. 

Mixed 
R&D Lead 
(P1) Farmer 
(P2) 

P1: "Need to translate this 
information for the whole 
property... to apply decisions in 
the whole thing". 
P2: "Less fuel... but more 
preparation because you need to 
measure the field". 

SQ-KVI2: 
System 
Trustworthiness 

Validation 
Sources 

Trust in system outputs 
depends heavily on local 
validation and peer-based 
evidence, with skepticism 
toward long-term forecasts 
and corporate demonstrations 
that do not sufficiently account 
for local terrain conditions. 

Negative 
R&D Lead 
(P1) Farmer 
(P2) 

P1: "Topography [makes it] not 
easy to have a very good 
forecast even at 14 days". 
P2: "Always want to see the 
neighbor... even if you make the 
best demos, they need proofs". 

SQ-KVI4: 
Perceived Ease 
of Use 

Integration 
& Usability 

Interviewees reported that the 
technological complexity of 
current solutions limits 
usability, requiring 
intermediary translation 
services and highlighting poor 

Negative 
R&D Lead 
(P1) Farmer 
(P2) 

P1: "Not easy to introduce... 
need a good extension service to 
translate this information". 
P2: "In tractors, Isobus speaks 
the same language... [drones] 
cannot import data". 
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interoperability between 
agricultural digital tools. 

SS-KVI7: 
Increased 
Technology 
Adoption & 
Digital Uptake 

Adoption 
Models 

Adoption is facilitated through 
service-based models, where 
larger organisations act as 
knowledge hubs and 
subscription-based access 
lowers barriers for smaller or 
older farmers. 

Positive 
R&D Lead 
(P1) Farmer 
(P2) 

P1: "Translate this information 
to the growers [suppliers]... to 
have better results". 
P2: "Old farmers... prefer maybe 
to rent [a service]... instead of 
buy". 

ENV-KVI2: 
Energy 
Efficiency 

Sustainability 

Stakeholders expressed 
uncertainty regarding the 
overall environmental 
footprint of electric and 
battery-based systems 
compared to traditional diesel 
solutions, indicating the need 
for clearer lifecycle 
sustainability evidence. 

Neutral Farmer (P2) 

P2: "From one side diesel 
tractors, from the other 
generators to load batteries... I 
don't know the footprint". 

 

Table 47: UC-FARM-2 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree 
(%) 

I believe a system like Aquaview has a high potential 
for cost savings through more efficient irrigation 3.50 0.58 0.00 50.00 50.00 0.00 0.00 

Automation through 6G connectivity lowers labour 
costs in agricultural operations 4.00 1.15 42.86 28.57 14.29 14.29 0.00 

Edge computing improves resource efficiency (e.g., 
power, water), resulting in cost savings 4.57 0.53 57.14 42.86 0.00 0.00 0.00 

Using Edge and AI technologies could help me apply 
resources like water and fertilizers more precisely 
and efficiently, reducing waste 4.71 0.49 71.43 28.57 0.00 0.00 0.00 

Access to predictive AI for soil moisture forecasting 
reduces unplanned expenses 4.29 0.76 42.86 42.86 14.29 0.00 0.00 

6G technologies at the edge would significantly help 
in the early detection and targeted intervention of 
pests and diseases, protecting my yield 4.14 0.90 42.86 28.57 28.57 0.00 0.00 

I am familiar with the concept of "edge computing" 4.29 1.25 71.43 0.00 14.29 14.29 0.00 

I have a positive perspective on the increasing role 
of technology and data in modern agriculture 4.86 0.38 85.71 14.29 0.00 0.00 0.00 

Smart Farming Technologies enhance farmer skills 
and digital literacy 4.57 0.79 71.43 14.29 14.29 0.00 0.00 

This technology reduces the amount of time I spend 
on manual farm management tasks 4.71 0.49 71.43 28.57 0.00 0.00 0.00 

This technology reduces the amount of physically 
demanding labor required for my operations 4.14 1.07 42.86 42.86 0.00 14.29 0.00 

6G-enabled Edge Systems help reduce over-irrigation 
and soil erosion 3.86 0.90 28.57 28.57 42.86 0.00 0.00 

Topsoil moisture monitoring supports better 
management of natural water resources 4.14 1.21 57.14 14.29 14.29 14.29 0.00 

Data-driven irrigation planning contributes to 
sustainable agricultural practices 4.29 0.49 28.57 71.43 0.00 0.00 0.00 

This technology allows for early detection of pests 
and diseases, reducing the need for widespread 
chemical (pesticide/herbicide) applications 4.43 0.79 57.14 28.57 14.29 0.00 0.00 

6G and edge computing technologies enable faster 
response to climate events (e.g., drought, frost), 
reducing crop loss 4.43 0.79 57.14 28.57 14.29 0.00 0.00 
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Predictive AI for forecasting soil moisture trends is 
highly valuable for my operations 4.29 0.95 57.14 14.29 28.57 0.00 0.00 

System visualisations (satellite and drone maps, 
moisture indices) are clear and support better 
decisions 4.43 0.79 57.14 28.57 14.29 0.00 0.00 

The satellite-based soil moisture system is much 
easier to use than managing physical, in-ground soil 
sensors 4.43 0.79 57.14 28.57 14.29 0.00 0.00 

Integration between Drone, Sensor, and Software 
platforms is reliable and user-friendly 4.00 0.82 28.57 42.86 28.57 0.00 0.00 

The overall experience of using 6G-enabled 
agricultural solutions has been positive 4.29 0.76 42.86 42.86 14.29 0.00 0.00 

How has the availability of historical moisture data 
(e.g., 10-year trends) can influence your irrigation 
planning? 5.00 0.00 100.00 0.00 0.00 0.00 0.00 
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UC-EDU-1 - XR Rural School 

Key Performance Indicators’ Identification and Definition 
 

Table 48: UC-EDU-1 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 

Latency E2E Latency 

Measures end-to-end delay 
between XR content distribution 
and rendering on student 
headsets 

<50 ms ClassVR logs + ping analysis 

Reliability & 
Availability 

Session Uptime 
Percentage of uninterrupted XR 
session time 

>95% Teacher dashboard logs 

Device 
coordination 

Device Sync Rate 
Successful synchronisation 
between headsets and teacher 
interface 

90-95% ClassVR Portal sync logs 

Operational 
efficiency 

Setup Time 
Time required for teacher to 
prepare and launch XR session 

10-15 min 
Manual stopwatch + 
observation 

Safety & pedagogy XR Session Duration 
Optimal safe and pedagogical 
duration per group 

5-7 min 
Teacher dashboard 
timestamps 

Network capacity 
Wi-Fi Performance 
(Bandwidth) 

Minimum bandwidth per device 
for smooth XR operation 

~10 
Mbps/device 

Wi-Fi analyser + router 
statistics 

Key Value Indicators’ Identification and Definition 
 

Table 49: UC-EDU-1 KVI identification and definition 

KV Family KVI (Standard Name) KVE (6G / XR Enabler) Definition (Refined & Standardised) Related 
UN 
SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
XR-based digital content 
delivery; shared XR 
assets; reduced physical 
materials 

Reduction in long-term operational costs 
for schools through reusable XR content, 
reduced physical teaching materials, and 
lower marginal cost per learner enabled 
by XR and 6G-ready connectivity. 

SDG 4,  
SDG 9,  
SDG 12 

Productivity EC-KVI4: Productivity 
and Efficiency Gains 

XR-assisted teaching; 
automated lesson 
orchestration; teacher 
dashboards 

Improvements in teaching and learning 
productivity through enhanced 
instructional efficiency, reduced 
preparation time, and improved student 
comprehension enabled by XR-supported 
pedagogy. 

SDG 4,  
SDG 8 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Scalable XR content 
reuse; cloud/edge 
delivery 

Improved utilisation of educational 
resources by enabling XR learning 
content to be reused and scaled across 
classes and schools without proportional 
increases in cost or effort. 

SDG 4,  
SDG 12 

KV DomainSocial KV 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

XR interaction; teacher 
XR dashboards; hands-on 
digital learning 

Improvements in students’ and teachers’ 
digital competencies and confidence 
through regular interaction with XR tools 
and digital learning platforms. 

SDG 4,  
SDG 8 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Teacher training sessions; 
XR classroom pilots 

Uptake and adoption of XR-enabled 
learning technologies among teachers 
and schools, supported by training 
workshops and pilot deployments. 

SDG 4,  
SDG 9 
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Social Inclusion & 
Equity 

SS-KVI3: Digital Inclusion 
& Accessibility 

XR access in rural 
schools; curriculum-
aligned content 

Increased access to high-quality digital 
learning experiences for rural students 
who previously lacked exposure to 
advanced educational technologies. 

SDG 4,  
SDG 10 

Social Inclusion & 
Equity 

SS-KVI4: Reduced Digital 
Divide 

Equal XR content delivery 
across rural/urban 
contexts 

Reduction of educational and 
experiential disparities between rural and 
urban students through provision of 
equivalent immersive learning 
opportunities. 

SDG 4,  
SDG 10 

Social Inclusion & 
Equity 

SS-KVI5: Inclusiveness & 
Equity of Access to 
Services 

Shared XR infrastructure; 
inclusive classroom 
design 

Fair and equitable access to digital 
educational services regardless of 
geographical location, school size, or 
local infrastructure constraints. 

SDG 4,  
SDG 10 

Social Cohesion & 
QoL 

SS-KVI10: Improved 
Social Connectivity & 
Participation 

Collaborative XR learning 
sessions 

Enhanced peer interaction, collaboration, 
and classroom participation enabled by 
shared immersive learning experiences. 

SDG 4,  
SDG 11 

Social Cohesion & 
QoL 

SS-KVI11: Enhanced User 
Satisfaction & Perceived 
Value 

Positive XR learning 
experiences 

Increased perceived value of education 
among students and teachers resulting 
from engaging and immersive XR-based 
learning environments. 

SDG 4 

Health & 
Wellbeing 

SS-KVI2: Enhanced 
Quality of Life 

Reduced frustration; 
improved motivation 

Improvements in learners’ motivation, 
confidence, and overall educational 
experience, contributing indirectly to 
wellbeing and long-term life 
opportunities. 

SDG 3,  
SDG 4 

KV  User Experience 

KV DomainService Quality KV 

User Satisfaction 
& Perception 

SQ-KVI1: User 
Satisfaction 

XR immersion; 
curriculum-aligned 
content 

Overall satisfaction of students and 
teachers with XR-enabled teaching and 
learning experiences supported by 6G-
ready connectivity. 

SDG 4 

User Satisfaction 
& Perception 

SQ-KVI2: System 
Trustworthiness 

Stable connectivity; 
predictable XR sessions 

Degree to which users trust the XR 
system to function reliably and support 
uninterrupted classroom activities. 

SDG 9 

User Satisfaction 
& Perception 

SQ-KVI3: Perceived Data 
Security & Privacy 

Secure device 
orchestration; controlled 
dashboards 

Users’ confidence in data protection, 
privacy, and safe use of XR platforms 
within educational environments. 

SDG 16 

Usability & 
Accessibility 

SQ-KVI4: Perceived Ease 
of Use 

Intuitive XR interfaces; 
teacher control panels 

Users’ perception of how easy it is to 
learn and use XR technologies during 
classroom activities. 

SDG 4 

Usability & 
Accessibility 

SQ-KVI5: Data / Service 
Accessibility 

Reliable classroom 
connectivity; content 
availability 

Accessibility of XR services and content 
during lessons without interruptions or 
access barriers. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

Low-latency links; stable 
Wi-Fi/5G 

Users’ perception of network and system 
stability during XR-enabled learning 
sessions. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI7: Perceived 
Responsiveness 

Low latency; edge-
supported delivery 

Responsiveness of XR applications and 
dashboards during real-time classroom 
interaction. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI8: Perceived 
Scalability 

Multi-device XR 
orchestration 

Perceived ability of the system to support 
multiple headsets and classrooms 
without performance degradation. 

SDG 9 

Engagement & 
Content Quality 

SQ-KVI9: Interactive 
Experience Quality 

Immersive XR content; 
real-time interaction 

Quality of interactivity and engagement 
enabled by XR-based learning 
experiences. 

SDG 4 

Engagement & 
Content Quality 

SQ-KVI10: Content 
Quality 

Curriculum-aligned XR 
modules 

Perceived relevance, clarity, and 
pedagogical value of XR educational 
content. 

SDG 4 
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Evaluation 
Table 50: UC-EDU-1 Interview’s results 

Relevant KVI Theme Summary of Findings / Key Insight Positive / 
Negative 

Key 
Stakeholder 

SS-KVI6: Improved 
Digital Skills & 
Competency 

Teacher learning Teachers reported that XR-related training and 
hands-on use significantly improved their digital 
confidence and ability to integrate advanced 
technologies into classroom teaching. 

Positive Teacher 

SS-KVI5: Inclusiveness 
& Equity of Access to 
Services 

Equity XR-enabled learning was perceived as a mechanism 
to provide equitable access to rich, high-quality 
educational content for students regardless of 
geographical or infrastructural limitations. 

Positive Principal 

SQ-KVI4: Perceived 
Ease of Use 

Setup challenges While XR systems were generally usable, teachers 
highlighted practical challenges related to headset 
setup, charging, and classroom logistics, indicating 
a learning curve in operational use. 

Mixed Teacher 

SQ-KVI9: Interactive 
Experience Quality 

Classroom 
behaviour 

Teachers observed noticeably higher levels of 
student attention, participation, and engagement 
during XR-enabled lessons compared to traditional 
classroom sessions. 

Positive Teacher 

EC-KVI5: Resource 
Efficiency Gains 

Sustainability School leadership indicated an intention to reuse 
and regularly integrate XR resources into teaching 
practices, reflecting perceived sustainability and 
efficient use of digital learning assets. 

Positive Principal 

 

Table 51: UC-EDU-1 Focus Group Discussions’ results 

KVI Theme Summary of Findings / Key Insight Stakeholder Participant / Group 
Quotes 

SQ-KVI4: Perceived 
Ease of Use 

Initial handling Teachers indicated that only one to two XR 
sessions were required to become confident in 
operating the system, suggesting a short 
learning curve and good overall usability. 

Teachers “After the first try, it 
was actually easy to 
manage”. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Novel exposure Teachers highlighted that XR enables access to 
immersive learning experiences and 
environments that would otherwise be 
inaccessible due to geographical or resource 
constraints. 

Teachers “We cannot travel to 
these places, but XR 
takes us there”. 

SQ-KVI10: Content 
Quality 

Curriculum 
alignment 

Teachers perceived XR content as highly 
aligned with curriculum requirements, 
particularly in geography and science, while 
offering more engaging and effective learning 
experiences. 

Teachers “This is exactly what 
the curriculum asks us 
to teach, but more 
engaging”. 

SS-KVI2: Enhanced 
Quality of Life 

Safety & 
Comfort 

A small proportion of students experienced 
mild discomfort, leading to a preference for 
shorter XR sessions, highlighting the 
importance of appropriate session duration for 
learner wellbeing. 

Students “It was fun, but I 
preferred short 
sessions”. 
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Table 52: UC-EDU-1 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree (%) 
 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree (%) 

XR technologies are easy to use in 
educational environments. 

3.80 0.90 41.00 24.00 27.00 7.00 2.00 

I feel confident using XR after the training. 
 

4.10 0.80 34.00 44.00 17.00 5.00% 0.00 

Students can be more engaged in lessons 
using XR 

4.40 0.70 54.00 20.00 20.00 6.00 0.00 

I feel more motivated to teach using XR. 
 

4.10 0.90 39.00 32.00 15.00 12.00 2.00 

“XR content is aligned with curriculum 
objectives. 

4.00 0.80 38.00 40.00 17.00 5.00 0.00 

XR leads to better conceptual 
understanding. 

4.20 0.70 42.00 39.00 14.00 5.00 0.00 

XR reduces the rural-urban opportunity 
gap. 

4.10 0.90 54.00 20.00 12.00 10.00 2.00 

Students and teachers develop digital 
skills thanks to XR. 

4.30 0.80 56.00 20.00 15.00 7.00 2.00 
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UC-EDU-2 - Classroom of Future 

Key Performance Indicators’ Identification and Definition 
 

Table 53: UC-EDU-2 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 
Teaching 
materials 
creation 

Newly 
developed XR 
app 

Develop new XR 
teaching and 
learning 
materials. 

To deal with one of the 
pain points on the lack 
of XR-based teaching 
& learning materials 
for higher education. 

Actual measurement method used: Record the 
number of materials created. 

Measurement tools/equipment employed: 
Manual record. 

Target value and rationale: >=2. XR teaching 
materials are scarce, especially specialised Apps 
for B5G teaching and learning.  

Visualisation 
capabilities 

Visualised 
devices 

Number of 
supported 
networked 
devices 
visualised in the 
same topology in 
the subject 
domain (5G and 
beyond). 

To deal with one of the 
pain points on the lack 
of large-scale 
visualisation for 
complex 5G and 
beyond networking 
infrastructure 
representation for 
higher education. 

Actual measurement method used: Record the 
number of devices created. 

Measurement tools/equipment employed: In-
App record. 

Target value and rationale: >=1000. Large-scale 
networking infrastructures are scarce, especially 
large number of devices in B5G representation. 

Visualisation 
capabilities 

Visualised 
connections 

Number of 
supported 
connections 
among devices 
visualised in the 
same topology in 
the subject 
domain (5G and 
be-yond). 

To deal with one of the 
pain points on the lack 
of large-scale 
visualisation for 
complex 5G and 
beyond networking 
infrastructure 
representation for 
higher education. 

Actual measurement method used: Record the 
number of connections created. 

Measurement tools/equipment employed: In-
App record. 

Target value and rationale: >=2000. Large-scale 
networking infrastructures are scarce, especially 
large number of connections in B5G 
representation. 

Visualisation 
capabilities 

Key techno-
logical concept 
visualisation 

Number of 
visualised key 
technological 
concepts in the 
subject domain 
(5G and beyond). 

To deal with one of the 
pain points on the lack 
of visualisation of 
virtualisation-based 
concepts in 5G and 
beyond networking 
infrastructure 
representation for 
higher education. 

Actual measurement method used: Record the 
number of technological concepts created. 

Measurement tools/equipment employed: In-
App record. 

Target value and rationale: >=3. Virtualisation-
based technological concepts over 5G and 
beyond networking infrastructures are scarce, 
especially the concerned ones in B5G 
representation. 

Visualisation 
capabilities 

Key business 
scenario 
visualisation 

Number of 
visualised key 
business roles 
and scenarios 
(visual 
representation) 
in the subject 
domain (5G and 
beyond). 

To deal with one of the 
pain points on the lack 
of visualisation of 
virtualisation-based 
business roles in 5G 
and beyond 
networking 
infrastructure 
representation for 
higher education. 

Actual measurement method used: Record the 
number of technological concepts created. 

Measurement tools/equipment employed: In-
App record. 

Target value and rationale: >=2 (e.g., 
Infrastructure Service Provider and Infrastructure 
Service Consume in virtualised networks, which 
would be difficult to explain without XR-based 
visualisation). Virtualisation-based technological 
concepts over 5G and beyond networking 
infrastructures are scarce, especially the 
concerned ones in B5G representation. 
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Key Value Indicators’ Identification and Definition 
 

Table 54: UC-EDU-2 KVI identification and definition 

KV Family KVI KVE Definition Related 
UN SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
XR-based virtual 
labs; reusable 
digital content; 
reduced physical 
infrastructure 

Reduction of long-term operational and delivery 
costs in higher education by replacing or 
complementing physical labs and teaching 
materials with scalable XR-based virtual 
learning environments enabled by 5G/6G 
connectivity. 

SDG 4, 
SDG 9, 
SDG 12 

Productivity EC-KVI4: Productivity 
and Efficiency Gains 

XR-assisted 
teaching; 
immersive 
visualisation of 
complex systems 

Improvements in teaching and learning 
productivity through enhanced explanation of 
complex 5G/B5G concepts, reduced repetition, 
improved student comprehension, and more 
efficient teacher preparation and delivery. 

SDG 4, 
SDG 8 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Scalable XR 
content; multi-
institution reuse 

More efficient utilisation of physical and digital 
educational resources by enabling XR learning 
materials to be reused, shared, and scaled 
across courses and institutions with minimal 
marginal cost. 

SDG 4, 
SDG 12 

KV DomainSocial KV 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

Hands-on XR 
interaction; 
immersive 
networking 
visualisation 

Enhancement of students’ and educators’ 
digital, technical, and analytical skills through 
practical interaction with XR-based 
representations of 5G and beyond networking 
systems. 

SDG 4, 
SDG 8 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption 
& Digital Uptake 

XR-enabled 
classrooms; 
institutional pilots 

Increased willingness and readiness of 
educators and institutions to adopt XR-enabled 
teaching methods for complex technical 
subjects within higher education curricula. 

SDG 4, 
SDG 9 

Social Inclusion & 
Equity 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Remote XR access; 
collaborative 
virtual 
environments 

Improved accessibility to advanced learning 
experiences for students across different 
institutions and geographical locations, 
reducing dependency on physical presence and 
specialised infrastructure. 

SDG 4, 
SDG 10 

Social Inclusion & 
Equity 

SS-KVI4: Reduced 
Digital Divide 

Affordable XR 
delivery; network 
slicing for QoS 

Reduction of disparities between institutions 
with different resource levels by enabling 
access to high-quality XR learning environments 
through 5G/B5G connectivity. 

SDG 4, 
SDG 10 

Health & 
Wellbeing 

SS-KVI2: Enhanced 
Quality of Life 

Reduced cognitive 
load; improved 
motivation 

Improved learner motivation, confidence, and 
educational experience through clearer 
understanding of complex concepts and 
reduced frustration compared to traditional 
teaching methods. 

SDG 3, 
SDG 4 

KV User Experience 

KV DomainService Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Immersive XR 
learning; 
curriculum-aligned 
content 

Overall satisfaction of students and educators 
with XR-enabled teaching and learning 
experiences supported by 5G/B5G connectivity. 

SDG 4 

Engagement & 
Content Quality 

SQ-KVI9: Interactive 
Experience Quality 

Holographic 
communication; 
immersive XR 
scenarios 

Degree to which XR-enabled environments 
provide engaging, interactive, and immersive 
learning experiences compared to traditional 
classroom approaches. 

SDG 4 
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Engagement & 
Content Quality 

SQ-KVI10: Content 
Quality 

XR-based 
visualisation of 
5G/B5G systems 

Perceived relevance, clarity, and pedagogical 
value of XR learning content in supporting 
understanding of complex networking 
architectures and concepts. 

SDG 4 

Usability & 
Accessibility 

SQ-KVI4: Perceived 
Ease of Use 

Intuitive XR 
interfaces; 
simplified 
workflows 

Users’ perception of how easy it is to operate 
XR platforms and integrate them into teaching 
and learning activities. 

SDG 4 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

Network slicing; 
low-latency, high-
bandwidth links 

Users’ perception of the reliability and stability 
of XR-enabled learning sessions supported by 
B5G/6G QoS guarantees. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI7: Perceived 
Responsiveness 

Low-latency 
communication 

Perceived responsiveness of XR applications, 
particularly during real-time interaction and 
visualisation of complex networking scenarios. 

SDG 9 

Evaluation 
Table 55: UC- EDU -2 Interview’s results 

KVI Theme Summary of Findings / 
Key Insight 

Positive / 
Negative 

Key 
Stakeholder 

Stakeholder Quotes 

EC-KVI1: 
Operational Cost 
Savings EC-KVI5: 
Resource Efficiency 
Gains 

Virtual labs & 
cost efficiency 

XR-based virtual labs and 
digital twins reduce long-
term operational 
expenditure by replacing 
expensive physical 
laboratories and specialised 
equipment, while enabling 
unlimited, wear-free 
practice. Initial XR content 
development costs remain a 
minor constraint. 

Positive 
(with minor 
negative 
caveat) 

A1 - Academic 
Staff 

“Virtual labs… 
replaced physical 
ones, dropping annual 
budgets… digital 
twins… slash expenses 
by allowing unlimited, 
wear-free practice”. 

EC-KVI4: 
Productivity and 
Efficiency Gains 

Teaching 
productivity & 
time savings 

XR enables faster lesson 
deployment through 
reusable modules and 
instant virtual resets, 
significantly reducing 
preparation and cleanup 
time, although bespoke asset 
creation initially requires 
additional effort. 

Positive 
(with minor 
negative 
caveat, initial 
extra effort) 

A1 - Academic 
Staff 

“Pre-built modules… 
deploy in minutes… no 
more hours on 
physical setups or 
cleanups”. 

SS-KVI6: Improved 
Digital Skills & 
Competency 

Academic 
performance & 
skill 
development 

Immersive XR learning 
enhances conceptual 
understanding, procedural 
skill acquisition, and 
knowledge retention, 
contributing to improved 
academic performance and 
examination outcomes. 

Positive A1 - Academic 
Staff 

“Switching to Quest 
and HoloLens 
simulations could help 
lift exam scores… XR 
boosts retention by 
30%+”. 

SS-KVI3: Digital 
Inclusion & 
Accessibility SS-
KVI5: Inclusiveness 
& Equity of Access 
to Services 

Inclusive 
participation & 
accessibility 

XR enables participation of 
disabled and remote learners 
through virtual access, sign-
language avatars, and real-
time translation, while 
highlighting persistent 
barriers related to headset 
affordability and connectivity 
requirements. 

Mixed 
(Positive 
with notable 
barrier) 

A1 - Academic 
Staff 

“Wheelchair users… 
can join a class 
without worrying 
about non accessible 
spaces… but headset 
cost and good internet 
are still the main 
barriers”. 

SQ-KVI9: 
Interactive 
Experience Quality 

Learner 
engagement & 
motivation 

XR substantially increases 
immersion, enjoyment, and 
attentiveness, resulting in 

Positive A1 - Academic 
Staff 

“Engagement is night-
and-day compared to 
lectures… students get 
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higher student and teacher 
motivation compared to 
traditional lecture-based 
teaching. 

fully immersed and 
want extra time in the 
headset”. 

SQ-KVI10: Content 
Quality 

High-fidelity 
interactive 
content 

XR enables realistic digital 
twins, safe simulation of 
risky tasks, and detailed 3D 
manipulation, providing 
learning experiences that 
exceed the capabilities of 
conventional classroom 
tools. 

Positive A1 - Academic 
Staff 

“XR allows fully 
embodied, first-
person manipulation 
of 3D spatial content… 
digital twins give 
photorealistic 3D 
models students can 
slice and explore”. 

 

Table 56: UC- EDU -2 Focus Group Discussions' results 

KVI Theme Summary of Findings / Key Insight Stakeholder Participant / Group 
Quotes 

EC-KVI1: 
Operational 
Cost Savings 
EC-KVI5: 
Resource 
Efficiency Gains 

Virtual labs, 
shared access & 
cost efficiency 

Most participants agreed that XR supports cost 
reduction by reducing dependence on physical 
equipment and enabling flexible or remote 
instructional delivery. Survey data shows 
moderately high agreement (Mean = 3.7), 
suggesting that although the perception is 
positive, some participants expressed neutral 
opinions. 

Students “Virtualisation, shared 
access, remote 
utilisation, space 
consolidation, reduced 
wear”.  
“XR lets many students 
access the same virtual 
equipment 
simultaneously, 
increasing utilisation 
efficiency”. 
“Perhaps, but I think 
people's differences in 
learning styles will 
output varied results”. 

EC-KVI4: 
Productivity 
and Efficiency 
Gains 

Learning 
efficiency & 
time savings 

Survey results show positive attitudes toward 
increased productivity (Mean = 3.8). 
Participants reported that XR can reduce 
repetitive tasks and speed up learning, 
although some noted that initial preparation 
may require extra time. 

Students “The 3D space makes the 
immersion an effective 
way to speed up 
understanding of 
concepts”. 
“Yes. XR improves 
learning efficiency by 
providing immersive 
visualisations that help 
students understand 
complex concepts 
faster”. 
“Preparing will cost more 
time”. 

SS-KVI6: 
Improved 
Digital Skills & 
Competency 

Academic 
performance & 
skill 
development 

Participants strongly agreed that XR enhances 
academic performance (Mean = 4.1). XR’s 
immersive learning environment helps improve 
conceptual understanding and facilitates the 
development of combined technical and spatial 
skills. 

Students “The 3D space makes the 
immersion an effective 
way to speed up 
understanding of 
concepts”. 

SS-KVI3: Digital 
Inclusion & 
Accessibility SS-
KVI5: 
Inclusiveness & 
Equity of 

Accessible 
learning beyond 
physical 
constraints 

Survey responses show high agreement 
regarding accessibility (Mean = 4.2). XR enables 
learning beyond physical limitations, offering 
flexible access for students regardless of 
location. 

Students “Making more accessible 
for students with 
accessibility needs”. 
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Access to 
Services 

SQ-KVI9: 
Interactive 
Experience 
Quality 

Engagement, 
immersion & 
attention 

Participants widely reported increased 
engagement when using XR tools (Mean = 4.0). 
XR creates interactive and immersive 
environments that capture attention more 
effectively than traditional methods. 

Students “More interactive, and 
eye-catching”. 

SQ-KVI10: 
Content Quality 

Realistic models 
& clarity of 
content 

Survey findings indicate strong agreement that 
XR provides more interactive and realistic 
learning experiences (Interactive Learning 
Mean = 4.1; Content Quality Mean = 4.0). The 
content is perceived as clearer and more 
engaging compared to traditional lecture slides. 

Students “The more interactive 
and real the model looks 
like - the better learning 
efficiency”. 

 

Table 57: UC-EDU-2 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree 
(%) 

Econ_Reduced Operational Cost: XR technology 
facilitates a decrease in overall operational costs in 
the long term. 

3.80 1.10 36.00 20.00 32.00 12.00 0.00 

Econ_Resource Utilisation: XR technologies enhance 
the utilisation of digital learning resources in the long 
term. 

4.30 0.90 52.00 28.00 16.00 4.00 0.00 

Econ_Increased Productivity: XR technologies 
increase the productivity in teaching and learning by 
enhancing teaching efficiency, improving student 
performance, and increasing teacher training 
efficiency. 

3.80 0.80 24.00 36.00 40.00 0.00 0.00 

Social_Academic Performance: XR technologies 
improve a student’s performance in understanding 
complex topics such as 5G and beyond. 

4.20 0.80 44.00 40.00 12.00 4.00 0.00 

Social_Skill Acquisition: XR technologies enhance a 
student’ practical and theoretical skills so that the 
student feels more confident in completing the 
relevant module assignment(s). 

4.00 0.90 28.00 52.00 12.00 8.00 0.00 

Social_Accessibility: XR technologies eliminate 
barriers of physical distance, enabling students from 
different geographic locations to collaborate at an 
affordable cost, particularly benefiting those in 
remote or rural areas who might otherwise be 
isolated from collaborative learning opportunities. 

4.30 1.00 56.00 24.00 12.00 8.00 0.00 

SQ_User Satisfaction: XR technologies increase the 
level of satisfaction for a user (either a teacher or a 
student) in making a positive impact on the learning 
environment. 

4.00 0.80 32.00 44.00 20.00 4.00 0.00 

SQ_Student Engagement: XR technologies facilitate 
improvement in a student’s engagement, motivation, 
and interest in learning complex subjects due to the 
immersive and interactive nature of XR-based 
education. 

4.10 1.00 36.00 52.00 4.00 4.00 4.00 

SQ_Teacher Engagement: XR technologies facilitate 
the improvement in a teacher’s engagement, job 
satisfaction, and motivation after adopting the XR-
enabled learning environment. 

3.80 0.90 24.00 36.00 36.00 4.00 0.00 

SQ_Interactive Learning: XR technologies improve 
the level of satisfaction for a user (either a teacher or 

4.10 1.00 36.00 52.00 4.00 4.00 4.00 
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a student) in providing an interactive teaching and 
learning experience. 

SQ_Content Quality: XR technologies improve the 
relevance, engaging nature, quality, and usefulness 
of the digital educational content provided. 

4.10 1.00 40.00 44.00 8.00 4.00 4.00 

SQ_Time Saving Teachers: XR technologies help 
teachers save time in preparing and delivering 
lessons. 

3.70 1.10 28.00 32.00 28.00 8.00 4.00 

SQ_Learning Efficiency: XR technologies help 
students learn more efficiently and effectively. 

4.40 1.00 60.00 24.00 8.00 8.00 0.00 
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UC-EDU-3 - XR Health Training 

Key Performance Indicators’ Identification and Definition 
 

Table 58: UC-EDU-3 KPI identification and definition 

KPI Family  KPI Name Description Target Measuring Methodology 
Data rate/capacity Uplink capacity High uplink capacity for upload 

of video and other types of 
streams. 

> 20 
Mbps 

Baseline established with Iperf. 
Monitored during experiments 

Latency Packet loss rate Low packet loss to avoid 
interference in real-time 
streaming. 

<=1% 
(frame 
loss rate) 

ping for KPI benchmarks at trials, 
ETSI/ITU-T interactivity test for 
testbed benchmark. 

E2E Latency Low latency is needed to 
provide an interactive 
experience and allow control of 
the manikin. 

30 - 50 
ms for 
the 
manikin 
feedback 

ping for KPI benchmarks at trials, 
ETSI/ITU-T interactivity test for 
testbed benchmark. 

Coverage 
 

RSRP To assess the radio coverage 
during the trial 

above -
90 dBm 
 

Captured during experiments from 
cradlepoint router71 APIs. 

RSRQ To assess the radio coverage 
during the trial 

above -
10 dB 
 

Captured during experiments from 
cradlepoint router APIs 

Video performance 
 

Video Quality Quality of the received video as 
displayed on the viewer's 
screen, represented as a MOS 
score 

>= 3.0 
 

Video Spatial-Temporal Feature 
Aggregation72 (VSFA), stutter, freeze, 
blockiness, loss, blur. 

Video Delay Time taken for a video frame to 
travel from the source to the 
destination, including video 
capture and rendering. 

< 250 ms Timestamp comparison (automation 
pending). 

 

Key Value Indicators’ Identification and Definition 
 

Table 59: UC- EDU -3 KVI identification and definition 

KV Family KVI  KVE Definition Related 
UN SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: 

Operational Cost 
Savings 

XR simulation replacing 
physical/patient-based training; 
remote training delivery; 
reduced consumables 

Perceived reduction of training 
delivery costs through the 
substitution of costly real-world 
clinical setups with scalable XR 
simulations supported by reliable 
connectivity. 

SDG 3, 
SDG 4, 
SDG 9 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Multi-user XR sessions; reusable 
scenarios; streamed scenarios to 
cohorts 

More efficient use of training 
resources by reusing XR scenarios 
and scaling sessions to larger 

SDG 4, 
SDG 12 

                                                     
71  Cradlepoint routers ensure continuous connectivity with automatic failover mechanisms between wired, wireless, and cellular 

connections. They can utilise multiple SIM (Subscriber Identity Module) cards and cellular networks for redundancy, maintaining 
connection even in challenging environments. For more details also see, for example: https://novotech.com/blogs/news/how-does-
a-cradlepoint-router-work-a-comprehensive-guide-updated-2025  

72  For further information see, among others: Xu, C., Zhang, J., Wang, M., Tian, G, and Liu, Y. (2022):  Multilevel Spatial-Temporal Feature 
Aggregation for Video Object Detection. IEEE Transactions on Circuits and Systems for Video Technology 32(11), 7809-7820, doi: 
10.1109/TCSVT.2022.3183646. 

https://novotech.com/blogs/news/how-does-a-cradlepoint-router-work-a-comprehensive-guide-updated-2025
https://novotech.com/blogs/news/how-does-a-cradlepoint-router-work-a-comprehensive-guide-updated-2025
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student groups without 
proportional increases in 
instructors, equipment, or physical 
space. 

Productivity EC-KVI4: 
Productivity and 
Efficiency Gains 

Faster scenario setup/reset; 
automated assessment/logging; 
remote instructor oversight 

Improved training productivity 
through quicker session 
preparation, repeatable scenario 
resets, and more efficient instructor 
time, enabling increased training 
throughput. 

SDG 4, 
SDG 8 

KV DomainSocial KV 

Health & 
Wellbeing 

SS-KVI1: Improved 
Public Health & 
Safety 

High-fidelity XR clinical 
simulations; safe rehearsal of 
critical procedures; scenario 
variability 

Improved patient safety and public 
health outcomes enabled by better-
prepared clinicians who can safely 
practice complex or high-risk 
procedures repeatedly in XR before 
real-life application. 

SDG 3 

Health & 
Wellbeing 

SS-KVI2: Enhanced 
Quality of Life 

Reduced training stress; 
improved confidence; safer 
learning environment 

Improved learner confidence and 
preparedness through realistic XR 
training experiences that reduce 
anxiety and errors during real 
practice, enhancing overall training 
experience. 

SDG 3, 
SDG 4 

Social Inclusion & 
Equity 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Remote XR access; personalised 
training environments; assistive 
features 

Increased accessibility to high-
quality medical training for learners 
regardless of location or 
constraints, through digitally 
delivered XR scenarios. 

SDG 4, 
SDG 10 

Social Inclusion & 
Equity 

SS-KVI5: 
Inclusiveness & 
Equity of Access to 
Services 

Adaptable scenarios; inclusive UX 
design; personalised 
environments 

Equitable access to training services 
by enabling personalised learning 
environments that accommodate 
diverse learner needs and 
capabilities. 

SDG 4, 
SDG 10 

Education & Skills 

SS-KVI6: Improved 
Digital Skills & 
Competency 

XR interaction; simulation-based 
skills practice; digital tools for 
clinical decision-making 

Improved practical and theoretical 
competence (including digital and 
procedural skills) through 
immersive simulation-based 
training and repeated scenario-
based practice. 

SDG 4, 
SDG 8 

SS-KVI7: Increased 
Technology 
Adoption & Digital 
Uptake 

Demonstrated training benefits; 
institutional readiness; trainer 
acceptance 

Adoption and acceptance of XR 
training as a regular method by 
students, instructors, and training 
organisations due to perceived 
value and usability. 

SDG 4, 
SDG 9 

KV User Experience KV 

KV DomainService Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Realistic training value; 
immersive sessions; effective 
learning outcomes 

Overall satisfaction of trainees and 
instructors with XR-enabled training 
improving the learning experience 
and perceived effectiveness. 

SDG 4 

Usability & 
Accessibility 

SQ-KVI4: Perceived 
Ease of Use 

Simplified setup; intuitive 
interaction; guided onboarding 

Users’ perception of the ease of 
setting up and operating XR training 
tools and interacting with scenarios 
during sessions. 

SDG 4 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

Stable connectivity; low jitter; 
resilient session management 

Perceived reliability of XR training 
sessions, including continuity 
without interruptions and 
dependable delivery of scenario 
data. 

SDG 9 
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Engagement & 
Content Quality 

SQ-KVI9: Interactive 
Experience Quality 

Real-time interaction; immersive 
environment; responsive 
scenario branching 

Quality of interactivity and 
immersion enabling trainees to 
respond to scenarios, practice 
decisions, and engage in realistic 
training experiences. 

SDG 4 

Engagement & 
Content Quality 

SQ-KVI10: Content 
Quality 

Clinically accurate scenarios; 
evidence-based content; rich 
visuals 

Perceived relevance and usefulness 
of XR training content in 
representing clinical procedures, 
workflows, and safety-critical 
decision points. 

SDG 3, 
SDG 4 

 

Evaluation 
Non-technical evaluation with KVI results (questionnaires, interviews, focus groups, etc.), analysis of 
impact/relation of KPIs and KVIs, lessons learned. 
 

Table 60: UC-EDU-3 Focus Group Discussions' results 

KVI Theme Summary of Findings / Key 
Insight 

Stakeholder Participant / Group 
Quotes 

SQ-KVI9: Interactive 
Experience Quality 

Camera 
configuration & 
immersion 

The immersive experience was 
negatively affected by 
suboptimal camera positioning. 
Participants highlighted poor 
viewing angles from both 360-
degree and head-mounted 
cameras, reducing situational 
awareness and realism. 

CS staff, NS 
staff 

Paraphrased note: The 360-
degree camera view was not 
very useful, and the head-
mounted camera angle 
should be improved or 
replaced with chest-
mounted or fixed cameras. 

SQ-KVI6: Perceived 
System Reliability 

Video stability in 
mobile 
environments 

Video performance degraded in 
dynamic environments such as a 
moving ambulance, resulting in 
jerky image sequences and 
reduced confidence in system 
robustness for realistic training. 

NS staff Paraphrased note: Head-
mounted camera footage 
was unstable in the 
ambulance, making it 
difficult to follow the 
scenario. 

SQ-KVI7: Perceived 
Responsiveness 

Audio quality & real-
time communication 

Audio quality was consistently 
identified as a weakness, with 
disturbing background noise and 
unclear audio from the manikin, 
limiting real-time interaction and 
learning effectiveness. 

CS staff, 
Students 

Paraphrased note: Sound 
quality needs improvement; 
background noise was 
disturbing and some audio 
sources were hard to hear. 

SQ-KVI10: Content 
Quality 

Information richness 
& contextual clarity 

Participants requested additional 
contextual information during 
the simulation, such as vital signs 
overlays and richer scenario 
explanations, to improve 
understanding and decision-
making. 

NS staff, 
Students 

Paraphrased note: Video 
streams should include vital 
signs and be augmented 
with contextual or pop-up 
information explaining the 
scenario. 

SQ-KVI4: Perceived 
Ease of Use 

Cognitive load & 
multi-stream 
handling 

Managing multiple video feeds 
simultaneously was reported as 
challenging, indicating a need for 
improved interface design and 
information prioritisation. 

NS staff Paraphrased note: Handling 
information from two 
cameras at the same time is 
difficult and cognitively 
demanding. 

SS-KVI7: Increased 
Technology Adoption 
& Digital Uptake 

Training potential & 
future use 

Students expressed strong 
interest in using the system for 
more advanced and diverse 
scenarios, recognising its value 
as a fast and effective learning 
tool. 

Students Paraphrased note: The 
method could support more 
advanced scenarios and 
offers a quick way to learn. 
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SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

Realism of medical 
training 

Students valued the realistic 
perspective of prehospital care 
and expressed interest in 
extending the experience to 
earlier and more dynamic stages 
of emergency response. 

Students Paraphrased note: The 
system provides a more 
realistic view of prehospital 
care, including potential 
training in moving 
ambulances and earlier 
response stages. 

SQ-KVI5: Data / 
Service Accessibility 

Scenario flow & 
situational context 

Participants suggested capturing 
a broader part of the emergency 
workflow, including dispatch and 
background context, to improve 
continuity and learning 
outcomes. 

Students Paraphrased note: It would 
be beneficial to join the 
scenario earlier, starting 
from the ambulance call and 
background context. 

 

Survey Results  

NS Staff Trials 

Results from NS staff trial is provided in the tables below. Based on only 3 participants, calculating statistical 
metrics is not reliable. Instead, the individual scores are provided. 
 

Table 61: Medical Scenario 1 (Inter-hospital transfer) evaluated with PGRS - NS staff trial 

KV name Question - Assess if the simulation contributed 
understanding and knowledge development related to 

Result 
Mean 

Individual Scores 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, 
resources and the “patient’s” condition) 

4.3 5,5,3 

Enhanced Health 
Education 

Information gathering (effectively interviewing the “patient” and 
gathering information on disease state, medical history and care 
needs) 

4.7 5,5,4 

Enhanced Health 
Education 

Patient assessment (observing physical examination and examining 
signs and symptoms) 

5.3 6,5,5 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective action 
plan) 

4.7 6,5,3 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treatment and 
care) 

5 6,5,4 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information with 
team and “patient”) 

5 5,5,5 

Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 4.7 6,5,3 

 

Table 62: UC-EDU-3: Medical Scenario 2 (Seizures) evaluated with PGRS 

KV name Question - Assess if the simulation contributed 
understanding and knowledge development related to 

Result 
Mean 

Individual Score 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, 
resources and the “patient’s” condition) 

5.3 7,5,4 

Enhanced Health 
Education 

Information gathering (effectively interviewing the “patient” and 
gathering information on disease state, medical history and care 
needs) 

5 6,5,4 

Enhanced Health 
Education 

Patient assessment (observing physical examination and examining 
signs and symptoms) 

5.7 6,6,5 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective action 
plan) 

5.7 7,5,5 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treatment and 
care) 

5.7 6,6,5 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information with 
team and “patient”) 

5.3 6,5,5 
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Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 5.3 6,5,5 

 

Table 63: SUS73 - How you perceive the use of digital simulation + additional questions 

KV name Question Result Mean Individual Scores 
User satisfaction I am happy to use digital simulation again 3.7 4,4,3 

User satisfaction I am reluctant to use digital simulation again, it is unnecessarily 
complicated 

2 (reverse 
score) 

3,2,1 

Ease of Use I found DS easy to use 3.7 4,4,3 

Ease of Use I needed the help of someone else or a technical person to use digital 
simulation 

4.3 (reverse 
score) 

5,5,3 

Ease of Use I think the features of the digital simulation were clear 3.3 4,3,3 

Ease of Use I think there is too much inconsistency and lack of logic with digital 
simulation 

2 (reverse 
score) 

3,2,1 

Ease of Use I would imagine that most students would learn to use digital 
simulation very quickly 

4 5,4,3 

Ease of Use I think many people found DS very difficult to use 3.7 (reverse 
score) 

5,3,3 

Ease of Use I feel very confident about how to use digital simulation 1.7 3,1,1 

Ease of use I had to learn a lot before I got started with digital simulation 3.7 (reverse 
score) 

5,4,2 

Diversity and 
inclusion 

I found that digital simulation provided flexibility in simulation 4 5,4,3 

Reduced training 
costs 

I believe that digital simulation can help reduce the overall cost of 
training medical professionals by reducing the need for costly direct 
patient-to-student training scenarios 

3.7 4,4,3 

Enhanced health 
education 

I believe that digital simulation provides highly realistic and engaging 
training environments that effectively prepare students for real-world 
medical situations, improving the effectiveness of overall training 

4.7 5,5,4 

Student 
engagement 

I believe that digital simulation increases student engagement during 
training sessions by improving interactivity, immersion, and 
motivation to learn 

4.7 5,5,4 

Technology 
acceptance 

I believe that digital simulation has a positive impact on the quality 
and efficiency of education 

4.3 5,4,4 

Reliability I found that digital simulation provides a reliable and uninterrupted 
training experience, ensuring accurate and timely information 
delivery 

2.3 3,2,2 

 

Student Trials 

Table 64: Medical Scenario 1 evaluated with PGRS 

Sub-scenario KV name Objective - Assess if the simulation contributed understanding and 
knowledge development related to 

Result 

COPD/heart 
failure 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, resources and 
the “patient’s” condition) 

6.19 

COPD/heart 
failure 

Enhanced Health 
Education 

Information gathering (effectively interviewing the “patient” and gathering 
information on disease state, medical history and care needs) 

5.55 

COPD/heart 
failure 

Enhanced Health 
Education 

Patient assessment (observing physical examination and examining signs 
and symptoms) 

5.82 

                                                     
73  The System Usability Scale (SUS), when used for digital simulations, measures user perception of a system's ease of use and learnability 

(e.g., “easy to use”, “needed to learn a lot”) via 10 Likert-scale questions, resulting in a 0-100 score indicating usability level. Beyond 
SUS, researchers ask open-ended questions about educational impact, immersion, realism (fidelity), skill development (clinical 
reasoning, critical thinking), barriers (like poor graphics), and compare modalities (VR vs. screen-based) to assess perceived value, role 
transition, and desire for more practice time, adding rich qualitative data to SUS scores. 
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COPD/heart 
failure 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective action plan) 6.36 

COPD/heart 
failure 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treatment and care) 6.45 

COPD/heart 
failure 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information with team and 
“patient”) 

6.36 

COPD/heart 
failure 

Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 6.36 

 

Table 65: Medical Scenario 2 evaluated with PGRS 

Sub-scenario KV name Objective - Assess if the simulation contributed understanding and 
knowledge development related to 

Result 

Seizure/ 
asystole 

Enhanced Health 
Education 

Situational awareness (assessing the environment, situation, resources and 
the “patient’s” condition) 

6.64 

Seizure/ 
asystole 

Enhanced Health 
Education 

Information gathering (effectively interviewing the “patient” and gathering 
information on disease state, medical history and care needs) 

6.64 

Seizure/ 
asystole 

Enhanced Health 
Education 

Patient assessment (observing physical examination and examining signs 
and symptoms) 

6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Decision-making (choice of appropriate, safe and effective action plan) 6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Resource use (identification of resources to optimize treatment and care) 6.82 

Seizure/ 
asystole 

Enhanced Health 
Education 

Communication (clear and accurate exchange of information with team and 
“patient”) 

6.55 

Seizure/ 
asystole 

Enhanced Health 
Education 

Execution (efficient and effective execution of routine tasks) 6.73 

 

Table 66: SUS - How you perceive the use of digital simulation + additional questions 

Sub-scenario KV name Objective - Assess how the participants felt about the issues below Result 
Service quality User satisfaction I am happy to use digital simulation again 4.73 

Service quality User satisfaction I am reluctant to use digital simulation again, it is unnecessarily complicated 1.1 (reverse 
score) 

Service quality Ease of Use I found DS easy to use 4.5 

Service quality Ease of Use I needed the help of someone else or a technical person to use digital 
simulation 

1.4 (reverse 
score) 

Service quality Ease of Use I think the features of the digital simulation were clear 4.5 

Service quality Ease of Use I think there is too much inconsistency and lack of logic with digital 
simulation 

4.0 (reverse 
score) 

Service quality Ease of Use I would imagine that most students would learn to use digital simulation 
very quickly 

4.5 

Service quality Ease of Use I think many people found DS very difficult to use 1.4 (reverse 
score) 

Service quality Ease of Use I feel very confident about how to use digital simulation 4.6 

Service quality Ease of use I had to learn a lot before I got started with digital simulation 1.4 (reverse 
score) 

Social benefit Diversity and 
inclusion 

I found that digital simulation provided flexibility in simulation 4.4 

Cost Savings Reduced training 
costs 

I believe that digital simulation can help reduce the overall cost of training 
medical professionals by reducing the need for costly direct patient-to-
student training scenarios 

4.6 

Social benefit Enhanced health 
education 

I believe that digital simulation provides highly realistic and engaging 
training environments that effectively prepare students for real-world 
medical situations, improving the effectiveness of overall training 

4.5 

Social benefit Student 
engagement 

I believe that digital simulation increases student engagement during 
training sessions by improving interactivity, immersion, and motivation to 
learn 

4.4 
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Service quality Technology 
acceptance 

I believe that digital simulation has a positive impact on the quality and 
efficiency of education 

4.4 

Service quality Reliability I found that digital simulation provides a reliable and uninterrupted training 
experience, ensuring accurate and timely information delivery 

4.4 
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UC-HEALTH-1 - 3D Hydrogel Patches 

Key Performance Indicators’ Identification and Definition 
 

Table 67: UC-HEALTH-1 KPI identification and definition 

Family KPI Name Description Target Measuring 
Methodology 

Connectivity 
 

End-to-end 
connectivity 
establishment 

Establishment of the connectivity 
for the UEs 

<2s for 
establishment of 
the end-to-end 
connectivity 

50 ms 

End-to-end data path End-to-end data path <200ms end-to-
end data path 

60-70 ms 

System Capacity Number of Devices The number of devices which can 
connect and exchange the end-
to-end data 

10.000 devices 
each with its 
own data bearer 

10.000 simulated PDU 
sessions 

Latency 
 

Backhaul data path 
latency 

Sending data to the FHIR Store > 50 Mbits/s for 
20 MHz 
bandwidth 

37.69 Mbits/s for 5G SA 
mobile phone, 42.7 Mbits/s 
for 5G SA tablet 

 E2E data path latency Downloading data from the 
FHIR74 Store 

> 50 Mbits/s for 
20 MHz 
bandwidth 

167 Mbits/s for 5G SA 
mobile phone, 

180 Mbits/s for 5G SA 
tablet 

Capacity 
 

Upload Capacity Segmentation & computation > 90% 85-90% 

Capacity Download 

Capacity 

The entire computing time, when 
performing only 1 request 
simultaneously 

< 1,5 minutes 30-60 seconds 

Wound Analytics 
 

Accuracy Suitability of patch dimensions 
and texture 

> 95% accuracy 
in fit of 
dimensions 

Dimensions fitting test: 
Manual proof of matching 
dimensions between 
wound model and hydrogel 
patch 

 Time to perform Confirmation the sterility of the 
hydrogel patch through 
microbiological test ( rule out 
growth of bacteria or fungi) 

No growth after 
> 72h of 
incubation 

Sterility test: 
Microbiological test series 
to evaluate sterility of 
printed patches 
(incubation) 

Product Quality Fit of wound dressing Sending data to the FHIR Store > 50 Mbits/s for 
20 MHz 
bandwidth 

37.69 Mbits/s for 5G SA 
mobile phone, 42.7 Mbits/s 
for 5G SA tablet  

Product Quality Sterility of wound 
dressing 

Downloading data from the FHIR 
Store 

> 50 Mbits/s for 
20 MHz 
bandwidth 

167 Mbits/s for 5G SA 
mobile phone, 

180 Mbits/s for 5G SA 
tablet 

 

                                                     
74  FHIR (Fast Healthcare Interoperability Resources) is the leading global standard for exchanging healthcare information, defining how 

systems share patient data (like conditions, medications, labs) using modern web technologies (APIs) and modular "Resources,"  
making it easier for different apps and electronic health records (EHRs) to talk to each other, improving data access, care coordination, 
and innovation in healthcare. Also see: https://www.hl7.org/fhir/  

https://www.hl7.org/fhir/
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Key Value Indicators’ Identification and Definition 
 

Table 68: UC- HEALTH-1 KVI identification and definition 

KV Family KVI KVE Definition Related 
UN SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
6G-enabled remote 
monitoring; reduced 
hospital visits; nomadic 
networks 

Reduction in healthcare delivery costs by 
minimising patient travel, hospital 
admissions, in-person consultations, and 
reliance on costly medical equipment 
through continuous remote care. 

SDG 3, 
SDG 9 

Productivity EC-KVI4: Productivity 
and Efficiency Gains 

Automated monitoring; 
real-time data 
transmission 

Improved operational efficiency by 
reducing time spent per patient, 
enabling healthcare staff to manage 
more patients simultaneously through 
remote monitoring and digital 
workflows. 

SDG 3, 
SDG 8 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Remote consultations; 
shared monitoring 
infrastructure 

More efficient utilisation of medical 
staff, devices, and facilities by shifting 
from physical appointments to remote 
care, optimising resource allocation 
across the healthcare system. 

SDG 3, 
SDG 12 

KV DomainSocial KV 

Health & 
Wellbeing 

SS-KVI1: Improved Public 
Health & Safety 

Continuous wound 
monitoring; early 
intervention alerts 

Improved patient safety and public 
health outcomes by enabling continuous 
monitoring, reducing missed visits, and 
supporting timely medical intervention. 

SDG 3 

Health & 
Wellbeing 

SS-KVI2: Enhanced 
Quality of Life 

Home-based care; 
reduced travel and 
disruption 

Improved patient quality of life by 
allowing treatment and monitoring at 
home, reducing disruption to daily 
activities and stress associated with 
frequent hospital visits. 

SDG 3 

Social Inclusion & 
Equity 

SS-KVI3: Digital Inclusion 
& Accessibility 

Nomadic connectivity; 
remote healthcare 
access 

Increased access to high-quality 
healthcare services for patients in 
remote or underserved areas through 
reliable remote monitoring and 
consultations. 

SDG 3, 
SDG 10 

Social Inclusion & 
Equity 

SS-KVI5: Inclusiveness & 
Equity of Access to 
Services 

Scalable eHealth 
platforms; personalised 
care 

Equitable access to healthcare services 
by enabling personalised and continuous 
care regardless of patient location or 
mobility constraints. 

SDG 3, 
SDG 10 

Education & Skills 
SS-KVI6: Improved Digital 
Skills & Competency 

Digital health platforms; 
data-driven care tools 

Enhanced digital competencies of 
healthcare professionals through the use 
of advanced remote monitoring tools 
and data-driven clinical decision 
support. 

SDG 4, 
SDG 8 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Secure eHealth 
networks; interoperable 
systems 

Increased adoption of eHealth services 
among patients and healthcare 
providers due to demonstrated 
reliability, usability, and perceived 
benefits of 6G-enabled solutions. 

SDG 3, 
SDG 9 

Community 
Wellbeing & 
Resilience 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Resilient 6G 
connectivity; continuous 
monitoring 

Improved continuity of care during 
emergencies or disasters by maintaining 
remote monitoring and healthcare 
delivery when physical access is 
disrupted. 

SDG 3, 
SDG 11 
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Community 
Wellbeing & 
Resilience 

SS-KVI9: Increased 
Community Engagement 
& Trust 

Trusted digital health 
services; secure data 
exchange 

Increased trust in digital healthcare 
solutions as patients and communities 
gain confidence in reliable, secure, and 
effective remote care services. 

SDG 3, 
SDG 16 

Social Cohesion & 
QoL 

SS-KVI11: Enhanced User 
Satisfaction & Perceived 
Value 

Positive patient and 
provider experience 

Increased perceived value of healthcare 
services among patients and providers 
due to improved outcomes, 
convenience, and service continuity. 

SDG 3 

KV DomainEnvironmental KV 

Waste Reduction 
& Circularity 

ENV-KVI9: Waste 
Reduction 

Reduced consumables; 
optimised dressing 
usage 

Reduction in medical waste generated 
from packaging and disposal compared 
to traditional wound care solutions 
through optimised and longer-lasting 
hydrogel patches. 

SDG 12 

KV User Experience 

KV DomainService Quality KV 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

Stable 6G connectivity; 
resilient nomadic 
networks 

Perceived consistency and dependability 
of remote healthcare services without 
interruptions or data loss. 

SDG 9 

User Satisfaction 
& Perception 

SQ-KVI1: User 
Satisfaction 

Improved care 
experience; reduced 
burden 

Overall satisfaction of patients, nurses, 
and clinicians with the effectiveness and 
convenience of the 6G-enabled 
healthcare service. 

SDG 3 

System Reliability 
& Performance 

SQ-KVI7: Perceived 
Responsiveness 

Low-latency monitoring; 
rapid alerts 

Speed and effectiveness with which 
healthcare providers can respond to 
patient needs and clinical alerts. 

SDG 3 

User Satisfaction 
& Perception 

SQ-KVI3: Perceived Data 
Security & Privacy 

Secure data 
transmission; privacy-by-
design 

Users’ confidence in the protection, 
confidentiality, and integrity of sensitive 
health data. 

SDG 16 

User Satisfaction 
& Perception 

SQ-KVI2: System 
Trustworthiness 

Certified devices; secure 
networks 

Degree of trust users place in the 
reliability, safety, and ethical operation 
of the digital healthcare system. 

SDG 16 

Evaluation 
Table 69: UC- HEALTH-1 Focus Group Discussions' results 

KVI Theme Summary of Findings / Key 
Insight 

Stakeholder Participant / Group 
Quotes 

EC-KVI1: Operational 
Cost Savings EC-
KVI4: Productivity 
and Efficiency Gains 

On-site / in-vehicle 
patch production 

On-site and in-vehicle 3D printing of 
wound patches was perceived as 
highly innovative and practical, 
enabling immediate treatment 
delivery while reducing time delays, 
logistics overheads, and costs 
associated with centralised 
production and distribution. 

Nursing staff, 
wound care 
specialists, 
general 
practitioners 
 

Paraphrased: The idea 
of printing the patches 
directly on site or even 
in the car was very 
well received. 

SS-KVI6: Improved 
Digital Skills & 
Competency SS-
KVI7: Increased 
Technology 
Adoption & Digital 
Uptake 

Relief & 
professionalisation of 
nursing 

The system was seen as 
empowering healthcare 
professionals by reducing routine 
workload, strengthening clinical 
expertise, and opening new digitally 
enabled roles and professional 
pathways for nursing staff, 
particularly for academically trained 
nurses. 

Paraphrased: This 
creates new 
professional fields for 
nursing graduates. 

SS-KVI1: Improved 
Public Health & 
Safety 

Evidence-based wound 
documentation 

Objective, clinically grounded 
wound assessment and 
documentation enables better 
monitoring of healing progress, 

Paraphrased: 
Objective evaluation 
based on clinical 
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supports evidence-based decision-
making, and contributes to safer 
and higher-quality patient care. 

evidence becomes 
possible. 

ENV-KVI9: Waste 
Reduction 

Material efficiency & 
sustainability 

Tailored, patient-specific 3D-printed 
wound patches were perceived as 
significantly reducing material 
waste compared to bulk 
prescriptions of standard dressings 
that often become unusable as 
wounds change. 

Paraphrased: Wounds 
change quickly, yet 
doctors often 
prescribe standard 
materials in bulk — 
this leads to a lot of 
waste. 

SQ-KVI6: Perceived 
System Reliability 

Technical reliability Participants consistently 
emphasised that reliable and stable 
system operation is a critical 
prerequisite for acceptance and 
routine use of the solution in clinical 
practice. 

“The application must 
work reliably”! 

 

Table 70: UC- HEALTH-1 Survey results 

Question Mean Std 
Dev 

7 -
Strongly 
Agree 
(%) 

6 5 4 - 
Neutral 
(%) 

3 2 1- 
Strongly 
Disagree 
(%) 

The length of hospital stays can be 
reduced. 

5.26 1.46 25.58 20.93 25.58 16.28 4.65 6.98 0.00 

The overall cost of medical equipment 
and maintenance can be reduced. 

5.05 1.63 20.93 23.26 25.58 16.28 0.00 11.63 2.33 

Time for patients to travel and wait 
can be reduced. 

5.69 1.18 26.19 38.10 23.81 4.76 4.76 2.38 0.00 

Time for healthcare providers to 
travel and wait can be reduced. 

5.21 1.26 14.29 33.33 26.19 14.29 9.52 2.38 0.00 

Real-time communication via 
telehealth with wound experts 
enables a quick exchange of 
information. 

5.68 1.39 38.64 18.18 27.27 11.36 0.00 2.27 2.27 

Personal resources can be used 
efficiently as the presence of a wound 
specialist on site is not mandatory. 

5.40 1.22 26.19 16.67 35.71 14.29 7.14 0.00 0.00 

Evidence-based wound care enables a 
better understanding of wound 
development and makes it easier to 
adapt care according to need. 

5.90 1.27 40.48 30.95 14.29 11.90 0.00 0.00 2.38 

Evidence-based wound care enables 
wounds to be treated in time before 
complications occur. 

5.63 1.28 29.27 29.27 26.83 9.76 2.44 0.00 2.44 

Precise 3D scan enables an adapted 
wound treatment. 

5.29 1.31 17,07 34.15 24.39 14.63 4.88 4.88 0.00 

Regular telehealth visits can reduce 
the risk of complications. 

5.61 1.37 29.55 31.82 22.73 9.09 2.27 2.27 2.27 

Regular telehealth visits allow to react 
quickly to changes and complications. 

5.63 1.24 25.58 34.88 25.58 9.30 2.33 0.00 2.33 

The digital communication platform 
helps healthcare providers to respond 
to patients' needs more quickly and 
efficiently. 

5.18 1.07 11.36 25.00 40.91 18.18 2.27 2.27 0.00 

Wound care in the familiar home 
environment improves the patient's 
quality of life. 

5.32 1.52 25.00 31.82 13.64 15.91 9.09 2.27 2.27 
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Fewer hospitalisations lead to a 
reduction or absence of nosocomial 
infections. 
(nosocomial: acquired in a hospital, 
especially in reference to an infection) 

5.95 1.31 44.19 30.23 11.63 9.30 2.33 0.00 2.33 

Appropriate wound treatment 
contributes to the reduction of pain. 

5.91 1.20 37.21 32.56 20.93 6.98 0.00 0.00 2.33 

Patients have more quality time, as 
there are no long journeys and 
waiting times. 

5.89 1.32 38.64 34.09 15.91 6.82 0.00 2.27 2.00 

The time saved by local wound care 
can lead to greater social 
participation. 

5.30 1.44 22.73 31.82 13.64 22.73 2.27 6.82 0.00 

Nurses can become wound experts 
themselves as they learn with each 
dressing. 

4.81 1.37 11.63 20.93 27.91 23.26 9.30 6.98 0.00 

The use of digital tools can improve 
digital literacy and lead to greater use 
of digital technologies in nursing. 

5.64 1.21 22.73 45.45 13.64 11.36 4.55 2.27 0.00 

The use of digital tools can enhance 
the job profile and attract more 
people to work as nurses. 

5.16 1.40 15.91 31.82 25.00 13.64 6.82 6.82 0.00 

Job satisfaction can be increased in 
the long term by reducing time spent 
on documentation and administrative 
tasks. 

5.95 1.19 43.18 27.27 15.91 11.36 0.00 2.27 0.00 
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UC-HEALTH-2 - Elderly Monitoring 

Key Performance Indicators’ Identification and Definition 
 

Table 71: UC- HEALTH-2 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 
Connectivity 
 

Edge-to-core 
connection setup 
time 

Time required to establish 
connection from edge device 
to core infrastructure 

≤ 5 seconds ELCM telemetry, system logs 

End-to-end 
connectivity setup 
time 

Total time to establish full end-
to-end connection including all 
network layers 

≤ 2 seconds ELCM telemetry, system logs 

Data 
rate/capacity 

Uplink capacity Data transmission capacity 
from edge devices to core per 
100 MHz 

≥ 300 
MB/100MHz 

Network performance monitoring 

Latency Packet loss rate Percentage of data packets lost 
during transmission 

< 1% Network monitoring tools 

Fall event detection 
and alert latency 

Time from fall detection to 
alert generation 

< 2 seconds Application-level timestamps 

Training session data 
upload latency 

Time required to upload 
training session data (exercise 
logs, 3D motion data) from 
edge to cloud 

< 5 seconds Application-level timestamps; data 
upload logs 

Scalability Maximum 
concurrent devices 

Number of devices that can be 
simultaneously supported 

10,000 
devices 

Stress testing with simulated UEs 

Battery Life Smartwatch battery 
duration 

Continuous operational time of 
smartwatch under normal 
monitoring conditions 

≥ 24 hours Device battery monitoring; usage 
logs over 24-hour period 

 

Key Value Indicators’ Identification and Definition 
 

Table 72: UC- HEALTH-2 KVI identification and definition 

KV Family KVI KVE Definition Related UN 
SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
Continuous remote 
monitoring; early 
intervention alerts; 
reduced physical visits 

Reduction of healthcare system costs 
by lowering hospital admissions, 
emergency visits, transport costs, and 
long-term treatment expenses through 
proactive, data-driven elderly care. 

Cost 
Efficiency 

Productivity EC-KVI4: Productivity 
and Efficiency Gains 

Automated data 
collection; AI-based 
analysis; real-time 
dashboards 

Improved efficiency of healthcare 
delivery by reducing administrative 
workload and enabling faster clinical 
decision-making based on real-time 
patient data. 

SDG 3,  
SDG 8 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Remote monitoring; 
intelligent scheduling; 
shared infrastructure 

Optimised use of healthcare staff, 
devices, and infrastructure by 
allocating resources dynamically based 
on real-time patient needs. 

SDG 3,  
SDG 12 

KV DomainSocial KV 

Health & 
Wellbeing 

SS-KVI1: Improved 
Public Health & Safety 

Wearable sensors; fall 
detection; emergency 
alerts 

Improved safety of elderly individuals 
through continuous monitoring, early 
detection of health deterioration, and 
rapid emergency response. 

SDG 3 
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Health & 
Wellbeing 

SS-KVI2: Enhanced 
Quality of Life 

Home-based monitoring; 
reduced hospital visits 

Improved quality of life by enabling 
elderly individuals to remain safely in 
their home environment with fewer 
disruptions and reduced dependence 
on institutional care. 

SDG 3 

Social Inclusion & 
Equity 

SS-KVI3: Digital 
Inclusion & Accessibility 

6G connectivity; home-
based monitoring 

Increased access to healthcare services 
for elderly individuals, particularly in 
remote or underserved areas, through 
location-independent monitoring and 
care. 

SDG 3,  
SDG 10 

Social Inclusion & 
Equity 

SS-KVI5: Inclusiveness 
& Equity of Access to 
Services 

Personalised monitoring; 
adaptive interfaces 

Equitable access to healthcare services 
through personalised monitoring and 
inclusive system design 
accommodating diverse physical and 
cognitive abilities. 

SDG 3,  
SDG 10 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

Digital health platforms; 
AI-assisted insights 

Improved digital competence of 
caregivers and healthcare professionals 
through regular interaction with digital 
monitoring tools and analytics 
dashboards. 

SDG 4,  
SDG 8 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

Reliable EMS platforms; 
privacy-centric design 

Increased adoption of digital health 
solutions among elderly users, 
caregivers, and healthcare providers 
due to demonstrated usefulness and 
trustworthiness. 

SDG 3,  
SDG 9 

Community 
Wellbeing & 
Resilience 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Real-time alerts; resilient 
6G connectivity 

Enhanced ability to respond to 
emergencies (e.g. falls, acute health 
events) through immediate alerts and 
continuous monitoring. 

SDG 3,  
SDG 11 

Community 
Wellbeing & 
Resilience 

SS-KVI9: Increased 
Community 
Engagement & Trust 

Transparent monitoring; 
secure data handling 

Increased trust among patients, 
caregivers, and communities in digital 
elderly care solutions due to reliable 
and secure service delivery. 

SDG 3,  
SDG 16 

Social Cohesion & 
QoL 

SS-KVI10: Improved 
Social Connectivity & 
Participation 

Reduced care burden; 
remote engagement 

Increased social participation of elderly 
individuals by reducing time spent on 
healthcare logistics and enabling 
continued engagement in daily and 
social activities. 

SDG 3,  
SDG 11 

Social Cohesion & 
QoL 

SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

Positive care experience; 
effective outcomes 

Increased perceived value of 
healthcare services due to improved 
safety, autonomy, and care continuity. 

SDG 3 

KV DomainEnvironmental KV 

Waste Reduction 
& Circularity 

ENV-KVI9: Waste 
Reduction 

Reduced hospitalisation; 
remote care 

Reduction of medical waste and 
disposable material use by minimising 
unnecessary treatments and hospital 
stays. 

SDG 12 

Climate & 
Emissions 
Reduction 

ENV-KVI4: Carbon 
Emissions Reduction 

Reduced travel; remote 
monitoring 

Reduction of greenhouse gas emissions 
through fewer patient and provider 
journeys and reduced reliance on 
physical healthcare infrastructure. 

SDG 13 

KV  User Experience 

KV DomainService Quality KV 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

High network uptime; 
resilient connectivity 

Consistent and dependable monitoring 
and data transmission ensuring 
uninterrupted care delivery. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI7: Perceived 
Responsiveness 

Low latency alerts; real-
time processing 

Fast response to health events and 
emergencies enabled by real-time data 
processing and alerting. 

SDG 3 
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User Satisfaction 
& Perception 

SQ-KVI1: User 
Satisfaction 

Ease of use; effective 
monitoring 

Overall satisfaction of elderly users, 
caregivers, and healthcare 
professionals with the EMS. 

SDG 3 

User Satisfaction 
& Perception 

SQ-KVI2: System 
Trustworthiness 

Certified devices; 
transparent operation 

Degree of trust users place in the EMS 
to operate safely, reliably, and 
ethically. 

SDG 16 

User Satisfaction 
& Perception 

SQ-KVI3: Perceived 
Data Security & Privacy 

Privacy-by-design; edge 
processing 

Users’ confidence that sensitive health 
data is protected and handled securely. 

SDG 16 

Usability & 
Accessibility 

SQ-KVI4: Perceived 
Ease of Use 

Intuitive interfaces; non-
intrusive wearables 

Ease with which elderly users and 
caregivers can interact with monitoring 
devices and applications. 

SDG 3 

System Reliability 
& Performance 

SQ-KVI8: Perceived 
Scalability 

Cloud-edge architecture; 
elastic resources 

Ability of the EMS to scale to large 
elderly populations without 
degradation of service quality. 

SDG 9 

Engagement & 
Content Quality 

SQ-KVI10: Content 
Quality 

Accurate health insights; 
clear visualisations 

Quality and clarity of health 
information and recommendations 
provided to users and professionals. 

SDG 3 

 

Evaluation 
Table 73: UC- HEALTH-2 Interview’s results 

KVI Theme Summary of Findings / 
Key Insight 

Positive / 
Negative 

Key 
Stakeholder 

Stakeholder Quotes 

EC-KVI1: 
Operational Cost 
Savings 

Reduced 
emergency 
admissions 

Healthcare professionals 
emphasized potential for 
reduced emergency 
admissions through early 
detection and continuous 
monitoring 

Positive Healthcare 
professionals 
(nurses, 
physicians) 

"Early detection of 
deterioration could 
prevent costly 
emergency room visits 
and hospital 
admissions". 

EC-KVI5: 
Resource 
Efficiency Gains 

Multi-patient 
monitoring 

Nurses appreciated 
ability to monitor 
multiple patients 
simultaneously through 
unified dashboard 

Positive Nurses, 
caregivers 

"Being able to see 
multiple patients' vital 
signs on one screen 
saves time and helps 
prioritize care". 

SS-KVI2: 
Enhanced 
Quality of Life 

Independence 
and autonomy 

Elderly participants 
(limited sample) 
expressed appreciation 
for maintaining 
independence while 
feeling secure 

Positive Elderly 
participants (n=4) 

"I feel safer knowing 
someone is watching, 
but I can still live my 
normal life". 

SS-KVI11: 
Enhanced User 
Satisfaction & 
Perceived Value 

Real-time alerts 
reduce anxiety 

Caregivers valued real-
time alerts and data 
access, reducing anxiety 
about monitoring gaps 

Positive Caregivers, family 
members 

"The alerts give me 
peace of mind when 
I'm not physically 
present". 

SQ-KVI3: 
Perceived Data 
Security & 
Privacy 

Data security 
concerns 

Some participants 
expressed concerns 
about privacy and data 
security 

Mixed Healthcare 
students, 
professionals 

"I'm not sure how my 
health data is 
protected" (~35% 
expressed 
uncertainty). 

SQ-KVI6: 
Perceived 
System 
Reliability 

System reliability 
critical 

Participants emphasized 
that system reliability is 
essential for trust and 
adoption 

Critical 
requirement 

All stakeholder 
groups 

"The application must 
work reliably"! 
(emphasized across 
multiple use cases) 
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Table 74: UC- HEALTH-2 Focus Group Discussions' results 

KVI (Standard 
Code & Name) 

Theme Summary of Findings / 
Key Insight 

Stakeholder Quotes Participant / Group 

EC-KVI4: 
Productivity and 
Efficiency Gains 

Workflow 
improvements 

Workflow efficiency 
improvements confirmed 
through dashboard use; 
copy-paste training exercise 
feature highly valued 

"The ability to copy-paste 
training exercises saves 
significant time in creating 
rehabilitation plans". 

Healthcare professionals 
(physiotherapists, nurses) 

SS-KVI2: 
Enhanced 
Quality of Life 

Long-term impact 
uncertain 

Healthcare students 
recognized potential for 
maintaining autonomy but 
noted need for longitudinal 
studies 

"The concept is promising, 
but we need to see long-
term results to assess real 
impact on quality of life". 

MSc students (Health 
Economics) 

SQ-KVI4: 
Perceived Ease 
of Use 

Simplified 
interface 
appreciated 

Simplified interface 
appreciated; elderly users 
need tailored on-boarding 
distinct from healthcare 
professional training 

"The interface is intuitive 
for us, but elderly users will 
need hands-on training and 
support". 

Healthcare professionals 

SQ-KVI6: 
Perceived 
System 
Reliability 

Backend reliability 
essential 

Infrastructure issues during 
Phase 1 highlighted need 
for operational backend 
before large-scale 
deployment 

"Technical glitches during 
demonstrations undermine 
confidence in the system". 

Technical staff, 
administrators 

 

Table 75: UC- HEALTH-2 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 

(%) 

Agree 
(%) 

Neutral 
(%) 

Disa-
gree 
(%) 

Strongly Dis-
agree (%) 

Telehealth Satisfaction & Acceptance (TS01) 

Telehealth improves access to healthcare 
services 

5.19 1.29 14.30 57.10 14.30 14.30 0.00 

Telehealth saves time traveling to a hospital 
or specialist clinic 

5.62 1.02 23.80 61.90 14.30 0.00 0.00 

Telehealth covers healthcare needs 4.71 1.38 9.50 42.90 28.60 19.00 0.00 

I believe that high productivity can be 
achieved with 6G technology 

5.45 1.23 25.00 50.00 20.00 5.00 0.00 

Telehealth simplifies communication be-
tween patients and healthcare providers 

4.95 1.40 4.80 71.40 4.80 19.00 0.00 

The visual representation of healthcare pro-
viders in tele-based care corresponds to a 
face-to-face meeting in presence 

3.52 1.83 4.80 23.80 19.00 33.30 19.00 

I think the visits provided over the tele-
health system are the same as in-person vis-
its 

2.71 1.85 4.80 14.30 4.80 47.60 28.60 

Communication with healthcare providers 
via the telehealth is perceived as pleasant 

4.15 1.53 10.00 30.00 30.00 30.00 0.00 

Telehealth is an acceptable way to receive 
healthcare services 

4.9 1.55 14.30 47.60 19.00 19.00 0.00 

I would use telehealth services (again) 5.48 1.40 23.80 52.40 14.30 9.50 0.00 

Telehealth System Usability (TS02) 
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It is simple to use this system 4.94 1.59 11.10 61.10 5.60 16.70 5.60 

It was easy to learn to use the system 5.06 1.00 0.00 66.70 27.80 5.60 0.00 

The way I interact with this system is pleas-
ant 

4.72 1.27 5.60 55.60 22.20 16.70 0.00 

I would like to use the system 5.40 1.23 10.00 75.00 5.00 10.00 0.00 

The system is simple and easy to understand 5.28 1.23 5.60 77.80 5.60 11.10 0.00 

This system is able to do everything I would 
want it to be able to do 

3.94 1.66 5.60 33.30 27.80 27.80 5.60 

Overall, I am satisfied with this telehealth 
system 

5.06 1.51 11.10 55.60 11.10 22.20 0.00 

UC2 Use Case Specific Outcomes (U201) 

Early detection of changes in health status 
through telehealth can reduce visits to the 
doctor and hospital stays 

6.09 1.06 45.5 40.9 13.6 0.00 0.00 

The use of telehealth can reduce hospital 
and transportation costs 

5.82 0.96 22.70 63.60 13.6 0.00 0.00 

The use of movement programs can pro-
mote muscle retention, reduce falls, and 
lower the costs of fall-related injuries 

5.86 1.25 36.40 50.00 4.50 9.10 0.00 

The shortened time of detection of the fall 
and the response time enable faster emer-
gency care 

5.82 1.14 36.40 54.50 4.50 4.50 0.00 

Telehealth allows nursing and medical staff 
to access real-time Health data 

5.71 1.06 28.60 57.10 14.30 0.00 0.00 

Real-time communication means that ex-
perts do not have to be physically present to 
provide advice and time as well personal re-
sources can be optimised 

5.00 1.67 23.80 38.10 19.00 14.30 4.80 

By using telemonitoring, elderly individuals 
can maintain a higher level of independence 
and remain in their homes longer, reducing 
their reliance on care facilities and thus opti-
mising resources in these care facilities 

5.14 1.42 13.60 50.00 22.70 13.60 0.00 

Regular and targeted movement programs 
can reduce the risk of falls in elderly, en-
hancing patient safety 

5.41 1.37 18.20 63.60 4.50 13.60 0.00 

Telehealth and telemonitoring promote the 
ability of elderly individuals to care for 
themselves and enable them to stay in their 
familiar surroundings for longer 

5.14 1.17 0.00 72.70 18.20 9.10 0.00 

Digital movement programs support mobil-
ity and independence in daily life, reducing 
dependence on care 

5.5 1.01 18.20 63.60 18.20 0.00 0.00 

The use of continuous monitoring and emer-
gency detection technologies can make /has 
made informal caregivers feel more confi-
dent and less anxious about the safety of the 
person they care for 

5.36 1.09 18.20 54.50 27.30 0.00 0.00 

Telehealth and continuous monitoring ena-
ble early detection of health emergencies 
and quicker medical intervention 

5.73 1.08 18.20 63.60 13.60 4.50 0.00 
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The use of telehealth and continuous moni-
toring systems reduces the risk of severe 
consequences 

5.86 0.99 27.30 59.10 13.60 0.00 0.00 

Continuous movement data collection can 
help detect early signs of increased pressure 
ulcer risk by monitoring changes in patient 
mobility, and reduce such risk through bet-
ter targeted measures 

5.36 0.85 9.10 77.30 13.60 0.00 0.00 

Tailoring training programs to the physical 
condition of elderly individuals improves 
their willingness to participate and adhere 
to the program 

5.32 1.13 13.60 68.20 9.10 9.10 0.00 

Targeted movement programs can help slow 
muscle mass loss (progression of sarcopenia) 
in older adults and reduce the risk of falling 

5.82 0.96 22.70 63.60 13.60 0.00 0.00 

Digital health data collection and regular 
health data recording allow healthcare pro-
fessionals to monitor patients’ health re-
motely and make informed decisions with-
out requiring the patients to be on-site 

5.23 0.97 4.50 81.80 4.50 9.10 0.00 

Telehealth improves access to high-quality 
healthcare for elderly and care-dependent 
individuals in remote or underserved re-
gions/areas 

5.36 1.26 18.20 63.60 4.50 13.60 0.00 
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UC-CITIES-1 - Connected and Sensing City  

Key Performance Indicators’ Identification and Definition 
 

Table 76: UC-CITIES-1 KPI identification and definition 

Family KPI Name Description Target Measuring 
Methodology 

Edge 
compute 
 

container_memory_usage_bytes Container memory 
usage 

≥ minimum 
required for 

frame 
processing 

Edge, Prometheus75 

node_load1 

 

1-minute load average 
of the node 

≥ minimum 
required for 

frame 
processing 

Edge, Prometheus 

Edge 
performance 

num_processed_frames Number of frames 
processed 

≥ minimum 
required fps, 

else migrate 
the service 

Edge, Prometheus 

RAN 
performance 
 

cqi Channel Quality 
indicator76 

Target 15,  ≥ 
13 

RAN, gNB’s77 remote API 

 ri Rank Indicator Target 2 (no 
antenna 
correlation) 

RAN, gNB’s remote API 

Data 
rate/capacity 

dl_brate Downlink Bitrate ≥ required by 
the service 

RAN, gNB’s remote API 

ul_brate Uplink Bitrate ≥ required by 
the service 

RAN, gNB’s remote API 

Coverage dl_nof_nok Number of downlink 
transport blocks 
retransmitted 

Ideally 0, 
some 
acceptable 

 

RAN, gNB’s remote API 

ul_nof_nok Number of uplink 
transmitted transport 
blocks with CRC errors78 

Ideally 0, 
some 
acceptable 

 

RAN, gNB’s remote API 

 

dl_nof_ok Number of downlink 
transport blocks 
transmitted without 
retransmission 

> dl_nof_nok 

 

RAN, gNB’s remote API 

 

ul_nof_ok Number of uplink 
transmitted transport 
blocks without CRC 
errors 

> ul_nof_nok RAN, gNB’s remote API 

 

                                                     
75  Prometheus is an open-source systems monitoring and alerting toolkit. For further information see; 

https://prometheus.io/docs/introduction/overview/  
76  CQI is an indicator carrying the information on how good/bad the communication channel quality is. This aggregated data set provides 

the CQI statistics per Mobile Network Operator per selected tile size. 
77  gNB stands for “gNodeB”, which is the 5G base station that manages the radio access network for 5G devices. It is the core component 

for connecting mobile devices to the 5G network and handles radio resource allocation, scheduling, and user data. The “g” in gNB 
signifies “next-generation”, replacing the “eNB” (evolved NodeB) previously used in 4G networks. 

78  CRC errors (Cyclic Redundancy Check) mean data got corrupted during transfer or storage, detected when a calculated checksum 
doesn't match the original; they signal faulty cables, hardware issues (drives, NICs), network interference, or bad storage sectors, 
leading to dropped files, slow performance, or inaccessible data, often requiring cable checks, driver updates, or hardware 
replacement. 

https://prometheus.io/docs/introduction/overview/
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pusch_snr Last received PUSCH79 
Signal to Noise Ratio 

≥ 15 (good 
quality) 

RAN, gNB’s remote API 

 

Mobility 
 

cam_longitude Longitude of the vehicle Accurate 
position 
tracking 

 

Mobility Infrastructure, MQTT80 

 cam_latitude Latitude of the vehicle Accurate 
position 
tracking 

 

Mobility Infrastructure, MQTT 

Remote 
Control 

fps Frames per second > 80% of the 
original 
stream’s FPS 

Edge, MQTT 

Video 
performance 

bitrate Bitrate in bps 

 

> 80% of the 
original 
bitrate 

Edge, MQTT 

frames_dropped 

 

Percentage of frames 
out of sync 

< 20% of the 
original 
stream’s 
bitrate 

 

Edge, MQTT 

Remote 
Control 

vehicle_count Simulated vehicle count 
in ready and healthy 
state 

 

Equal to the 
number of 
vehicles 
inserted in 
the 
simulation 

Simulation platform, Prometheus 

 

Key Value Indicators’ Identification and Definition 
 

Table 77: UC-CITIES-1 KVI identification and definition 

KV Family KVI Key Value Enablers 
(KVEs) 

Refined Definition Related 
UN SDGs 

KV  Sustainability 

KV DomainEconomic KV 

Cost Efficiency 

EC-KVI1: Operational 
Cost Savings 

AI-based traffic 
optimisation, edge 
analytics, V2X sensing 

Reduction of citizen and city operational 
costs through lower fuel consumption, 
reduced vehicle wear, fewer accidents, 
and optimised infrastructure operations 
enabled by real-time 6G traffic 
management. 

SDG 9, 
SDG 11 

Productivity 

EC-KVI4: Productivity 
and Efficiency Gains 

Edge computing, real-
time analytics, dynamic 
routing 

Improved efficiency of urban mobility 
and city operations through faster 
responses to congestion, incidents, and 
dynamic road conditions. 

SDG 8, 
SDG 9 

Productivity 

EC-KVI5: Resource 
Efficiency Gains 

AI-driven monitoring, 
automated 
enforcement, sensor 
fusion 

More efficient use of human, digital, and 
physical resources by automating 
monitoring tasks (e.g. parking, traffic 
violations) and optimising infrastructure 
utilisation. 

SDG 9, 
SDG 12 

                                                     
79  PUSCH is a resource block, channel used in LTE (Long-Term Evolution) networks. It allows multiple devices to share the same uplink 

resources, enabling efficient data transmission back to the network. Uplink refers to the process of sending data from a device to the 
base station or network. 

80  MQTT stands for Message Queuing Telemetry Transport. It is a lightweight messaging protocol for use in cases where clients need a 
small code footprint and are connected to unreliable networks or networks with limited bandwidth resources. It is primarily used for 
machine-to-machine (M2M) communication or Internet of Things types of connections. 
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Economic 
Performance & 
Growth 

EC-KVI3: New Revenue 
Streams 

Dynamic pricing 
engines, data 
monetisation platforms 

Generation of new revenues via dynamic 
parking pricing, congestion charging, 
smart mobility services, and 
monetisation of anonymised city mobility 
data. 

SDG 8, 
SDG 11 

Economic 
Performance & 
Growth 

EC-KVI2: Profit Increase Smart city ecosystems, 
PPP models 

Increased attractiveness of the city for 
businesses and investors due to efficient 
mobility and digital services, supporting 
economic growth and local profitability. 

SDG 8, 
SDG 11 

KV DomainSocial KV 

Health & Wellbeing 
SS-KVI1: Improved 
Public Health & Safety 

AI-based incident 
detection, V2X, real-
time alerts 

Reduction of traffic accidents, injuries, 
and pollution-related health risks 
through proactive traffic control and 
faster emergency response. 

SDG 3, 
SDG 11 

Community 
Wellbeing & 
Resilience 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Real-time data 
streams, predictive 
analytics 

Faster emergency response times 
enabled by live traffic data, prioritised 
routing, and predictive congestion 
management. 

SDG 3, 
SDG 11 

Health & Wellbeing 
SS-KVI2: Enhanced 
Quality of Life 

Congestion mitigation, 
smart mobility services 

Improved daily life for citizens through 
reduced congestion, lower stress, 
smoother travel, and better urban living 
conditions. 

SDG 3, 
SDG 11 

Social Inclusion & 
Equity 

SS-KVI3: Digital 
Inclusion & Accessibility 

Ubiquitous 6G 
connectivity, smart 
public services 

Broader access to digital city services for 
all citizens, including people with 
disabilities and underserved 
communities. 

SDG 10, 
SDG 11 

Social Inclusion & 
Equity 

SS-KVI4: Reduced 
Digital Divide 

City-wide broadband, 
interoperable 
platforms 

Reduction of inequalities in access to 
high-quality connectivity and smart city 
services across different urban areas. 

SDG 10 

Social Inclusion & 
Equity 

SS-KVI5: Inclusiveness & 
Equity of Access to 
Services 

Smart transport 
systems, accessible 
interfaces 

Ensuring equitable access to transport, 
parking, and city services regardless of 
physical ability or socio-economic 
background. 

SDG 10, 
SDG 11 

Community 
Wellbeing & 
Resilience 

SS-KVI9: Increased 
Community 
Engagement & Trust 

Transparent data 
platforms, 
participatory 
dashboards 

Increased trust in city governance 
through transparent, data-driven 
mobility management and visible service 
improvements. 

SDG 16 

Social Cohesion & 
QoL 

SS-KVI10: Improved 
Social Connectivity & 
Participation 

Integrated transport & 
urban platforms 

Enhanced participation in urban life 
through easier access to workplaces, 
education, and social activities enabled 
by reliable mobility. 

SDG 11 

Social Cohesion & 
QoL 

SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

User-centric service 
design, real-time 
feedback 

Increased citizen satisfaction with city 
services due to responsiveness, 
reliability, and relevance of smart 
mobility solutions. 

SDG 11 

KV Domain Environmental KV 

Environmental 
ENV-KVI4: Carbon 
Emissions Reduction 

Traffic optimisation, EV 
support, route planning 

Reduction of CO₂ emissions by 
minimising congestion, idling, and 
promoting cleaner transport modes. 

SDG 13 

Environmental 
ENV-KVI2: Energy 
Efficiency 

Smart lighting, 
adaptive signals 

Optimised energy consumption across 
traffic lights, street infrastructure, and 
transport systems using real-time data. 

SDG 7, 
SDG 13 

Environmental 
ENV-KVI5: Improved Air 
Quality 

Environmental sensors, 
dynamic rerouting 

Improved urban air quality through 
pollution-aware traffic control and 
reduced vehicle emissions. 

SDG 3, 
SDG 11 
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Environmental 
ENV-KVI6: Sustainable 
Mobility 

Public transport 
optimisation, MaaS81 
platforms 

Promotion of public transport, cycling, 
and shared mobility through reliable, 
data-driven transport services. 

SDG 11, 
SDG 13 

Environmental 
ENV-KVI7: Biodiversity 
& Green Space 
Management 

IoT environmental 
sensing, AI 
optimisation 

Improved management of green spaces 
and urban biodiversity by integrating 
environmental data into city planning. 

SDG 15 

KV  User Experience 

KV Domain Service Quality KV 

Service Quality 
SQ-KVI1: User 
Satisfaction 

User-centric design, 
real-time services 

Overall satisfaction of citizens with smart 
mobility and city services in terms of 
usability, relevance, and convenience. 

SDG 11 

Service Quality 
SQ-KVI4: Perceived Ease 
of Use 

Intuitive dashboards, 
multimodal interfaces 

Ease with which users interact with 
traffic, parking, and city mobility services. 

SDG 9 

Service Quality 
SQ-KVI6: Perceived 
System Reliability 

Resilient 6G 
connectivity, 
redundancy 

Reliability and uninterrupted availability 
of smart city services across vehicles, 
sensors, and platforms. 

SDG 9 

Service Quality 
SQ-KVI7: Perceived 
Responsiveness 

Low-latency 
networking, edge 
processing 

Ability of the system to respond rapidly 
to incidents, congestion, and user 
requests. 

SDG 11 

Service Quality 
SQ-KVI8: Perceived 
Scalability 

Cloud-edge 
orchestration, 
microservices 

Capacity of the platform to scale with 
increasing numbers of vehicles, users, 
and services. 

SDG 9 

Service Quality 
SQ-KVI2: System 
Trustworthiness 

Secure architectures, 
transparency 

Trust in system behaviour, data accuracy, 
and decision-making processes. 

SDG 16 

Service Quality 
SQ-KVI3: Perceived 
Data Security & Privacy 

Privacy-by-design, 
encryption, GDPR 
compliance 

Protection of personal and mobility data 
collected within smart city platforms. 

SDG 16 

Service Quality 
SQ-KVI9: Interactive 
Experience Quality 

Real-time visualisation, 
immersive dashboards 

Quality of real-time traffic and city 
visualisations supporting user 
understanding and engagement. 

SDG 11 

Service Quality 
SQ-KVI10: Content 
Quality 

Accurate sensor data, 
AI analytics 

Accuracy, relevance, and usefulness of 
information provided to users and 
authorities. 

SDG 9 

Evaluation 
Table 78: UC-CITIES-1 Interview’s results 

KVI Theme Summary of Findings / 
Key Insight 

Positive 
/ 
Negative 

Key 
Stakeholder 

Stakeholder Quotes 

EC-KVI1: 
Operational 
Cost Savings 

Cost 
efficiency 
through 
smart 
mobility 

Interviewees associate 
potential cost savings 
mainly with reduced fuel 
consumption, travel time, 
and stress enabled by 
traffic optimisation and 
adaptive routing. 
However, scepticism exists 
regarding whether such 
benefits are uniquely 
attributable to 6G rather 
than earlier mobile 
generations. 

Mixed Researchers, 
Engineers, 
Directors, 
Executives 

“Yes, by planning trips ahead of 
time and avoiding high-traffic zones, 
citizens can save fuel, time and have 
a less-stressful experience while 
driving”. (Researcher) 
“Yes, mainly in the form of path 
optimization, congestion control 
and paving the way for autonomous 
driving”. (Software Engineer) 
“I'm highly sceptical that 6G will 
deliver meaningful cost savings for 
citizens”. (Researcher) 
“I don't know if it's because it's 6G 
that it will reduce costs for citizens. 

                                                     
81  Mobility as a Service (MaaS) integrates various transport options (public transit, ride-sharing, bike/car shares, taxis) into one digital 

platform, usually an app, allowing users to plan, book, pay, and manage journeys seamlessly with a single account, aiming to reduce 
private car dependence, cut congestion, and promote sustainable travel through a unified, user-centric experience. 
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5G could also reduce them in the 
same amount”. (Director) 

EC-KVI4: 
Productivity 
and Efficiency 
Gains 

Adaptive and 
responsive 
urban 
infrastructure 

6G is perceived as an 
enabler of adaptive 
infrastructure capable of 
responding dynamically to 
user needs, improving 
overall efficiency of urban 
mobility and service 
delivery. 

Positive Senior 
Consultant 

“6G enables enhanced scenarios 
where the infrastructure can adapt 
to the user needs”. 

SS-KVI11: 
Enhanced User 
Satisfaction & 
Perceived Value 

Technology 
serving 
societal well-
being 

Stakeholders emphasise 
that the primary value of 
6G lies in its ability to 
holistically improve 
citizens’ daily lives, beyond 
purely economic gains, 
including time savings and 
well-being. 

Positive Executive 
Manager 

“Technology must always serve 
society and citizens. Everything we 
can do to improve citizens' lives in a 
more holistic way, whether in terms 
of time, well-being, or economics. 
That is what technology is for”. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Digital 
accessibility 
enabled by 
connectivity 

Many interviewees believe 
6G can improve 
accessibility via real-time 
communication, assistive 
services, and smarter 
infrastructure. However, 
some highlight that 
accessibility barriers are 
often physical and cannot 
be fully resolved through 
connectivity alone. 

Mixed Engineers, 
Professors, 
Researchers, 
Directors 

“6G solutions can help improve 
accessibility by enabling real-time 
communication, advanced assistive 
technologies, and smarter 
infrastructure”. (RDI Engineer) 
 “No, accessibility issues are often 
physical. 6G won't solve those in the 
context of smart cities”. 
(Researcher) 
“I believe it won't make a big 
difference”.(Researcher) 

SS-KVI5: 
Inclusiveness & 
Equity of Access 
to Services 

Inclusive and 
personalised 
mobility 
services 

6G-enabled personalised 
and context-aware 
services are perceived as 
supporting inclusion, 
particularly for people 
with disabilities, by 
enabling independent 
mobility and tailored 
routing within accessible 
environments. 

Positive Professor, 
Director, 
Executive 
Manager 

“With autonomous and connected 
vehicles, a disabled person would 
benefit having the opportunity to 
get a ride more independently”. 
(Professor) 
“6G can provide services such as 
indicating the location of 
accessibility ramps or allowing 
routes to be defined within 
accessible areas”. (Director) 
“The more customised the 
responses are… the more efficient 
and economical they are”. 
(Executive Manager) 

ENV-KVI4: 
Carbon 
Emissions 
Reduction 

Emissions 
reduction via 
traffic 
optimisation 

Interviewees consistently 
link 6G-enabled traffic 
optimisation, adaptive 
routing, and reduced 
congestion to lower 
emissions and improved 
sustainability, while noting 
that regulatory and policy 
readiness is critical. 

Positive / 
Moderate 

Engineers, 
Commanders, 
CEOs 

“Better management of energy 
resources, adaptability to cell load, 
alternative and more straight 
forward paths”. (Software Engineer) 
“The time lost in urban traffic is one 
of the major advantages that 
technology can leverage”. 
(Commander) 
“The difficulties lie in our slowness 
in Europe as a whole when it comes 
to implementing these technological 
changes”. (CEO) 

ENV-KVI5: 
Improved Air 
Quality 

Healthier 
urban 
environments 

6G-enabled safer mobility 
and promotion of walking 
and cycling are perceived 
as contributing to better 
air quality and reduced 
urban pollution. 

Positive Professor “Walking and cycling is promoted, 
and air quality could be improved 
and less vehicle emissions, thus 
reducing carbon footprint”. 
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ENV-KVI6: 
Sustainable 
Mobility 

Shift toward 
public and 
collective 
transport 

Sustainable mobility 
outcomes depend not only 
on technology but also on 
urban planning decisions 
that promote public and 
collective transport over 
private car usage. 

Positive Director “Cities must create the conditions 
for this to happen… allowing people 
to avoid using cars”. 

SS-KVI8: 
Improved 
Emergency 
Response & 
Preparedness 

Ultra-fast 
emergency 
and disaster 
response 

There is strong consensus 
that 6G’s low latency, high 
bandwidth, and real-time 
sensing can significantly 
enhance emergency and 
disaster response, 
enabling faster reactions, 
autonomous systems, and 
higher success rates. 

Positive Data 
Scientists, 
Engineers, 
Public 
Authorities 

“It is very important to invest in 6G 
solutions for a faster response in 
emergency and disaster situations”. 
(Data Scientist) 
“Real-time building of maps and 
heat detection powered by 6G can 
greatly help improve fire response”. 
(RDI Engineer) 
“An ambulance without a driver 
would reach the hospital faster”. 
(Senior Engineer) 

SQ-KVI3: 
Perceived Data 
Security & 
Privacy 

Data 
protection 
and privacy 
assurance 

Strong security and privacy 
safeguards are viewed as 
essential for trust in 6G-
enabled smart city 
services. While some 
argue risks arise mainly at 
the application layer, 
security-by-design remains 
a critical requirement. 

Mixed Researchers, 
Engineers, 
Directors 

“If security and anonymously is not 
guaranteed, city constituents won't 
feel safe in the city”. (Researcher)  
“Improving security measures is 
essential to protect data from 
unauthorized access”. (RDI 
Engineer) 
“That has nothing to do with 6G… it 
has to do with the application 
layer”. (Director) 

SQ-KVI2: 
System 
Trustworthiness 

Trust and risk 
perception 

Trust in 6G systems 
depends on balanced risk 
communication, 
organisational 
cybersecurity culture, and 
demonstrated reliability, 
rather than fear-driven 
narratives. 

Positive / 
Moderate 

CEOs, 
Executives 

“Sometimes security issues are 
exaggerated… people act out of 
fear”. (CEO)  
“Organizations must work toward 
this goal… in this culture of 
cybersecurity”. (Executive Manager) 

 

Table 79: UC-CITIES-1 Focus Group Discussions' results 

KVI Theme Summary of Findings / 
Key Insight 

Stakeholder Participant / Group Quotes 

EC-KVI4: 
Productivity 
and Efficiency 
Gains 

Operational 
efficiency 

Interviewees largely 
perceive 6G as a potential 
enabler of more efficient 
city operations through 
ultra-low latency, massive 
device connectivity, and 
improved IoT-driven 
optimisation. These 
capabilities are seen as 
beneficial for traffic 
management, predictive 
maintenance, and 
automated city services. 
However, some participants 
express scepticism, 
questioning whether 6G will 
provide substantial 
efficiency gains beyond 

Professor / 
Software 
Developer / 
Senior 
Consultant / 
Researcher 

Q1 -“6G technologies could significantly improve 
city operations by enabling ultra-fast and low-
latency communications between millions of 
devices”. 
Q2 - “6G technologies promise ultra-low latency 
and massive data throughput, which can 
drastically enhance real-time traffic management 
and predictive maintenance systems”. 
Q3 - “They can improve a lot in the vast and 
complete IoT coverage of a city, providing 
information about everything that can be used 
for optimized and automated operations inside 
the city. The extensive open availability of this 
information will allow enterprises and people to 
optimize their "relationship" with the city”. 
Q4 - “The promising values of 6G […] will not be 
as important as the current 5G in the 
management of a city…”. 
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those already achievable 
with 5G. 

SS-KVI1: 
Improved 
Public Health 
& Safety 

Public safety Participants associate 6G 
with enhanced public safety 
through faster data sharing, 
AI-driven surveillance, and 
real-time analytics that 
could support crime 
prevention and rapid 
response. At the same time, 
concerns are raised 
regarding privacy risks, over-
surveillance, and whether 
improvements stem from 
the technology itself or from 
specific services built on top 
of existing networks. Some 
interviewees doubt that 6G 
will significantly outperform 
5G in this area. 

Project 
Manager / 
Professor / 
Software 
Developer / 
Researcher / 
Senior 
Consultant 

Q1 - “6G could impact public safety […] For 
example, 6G-enabled smart cameras could 
instantly alert authorities to suspicious behaviour 
or emergencies”. 
Q2 - “Yes, 6G will enhance public safety by 
enabling faster, smarter surveillance and real-
time data sharing for crime prevention…”. 
Q3 -“High-definition surveillance cameras 
connected via 6G can stream real-time footage 
with advanced AI detection, allowing authorities 
to respond instantly to criminal activities”. 
Q4 - “With sensors connected via 6G and high-
definition cameras, artificial intelligence systems 
will be able to detect suspicious behaviour, 
identify crime patterns, and predict possible 
occurrences based on historical and real-time 
data”. 
 Q5- “It may, but I struggle with situations where 
public intimacy is being put at risk, so don't look 
into this area as the most in the front line.” 
Q6 - “It depends on developed and adopted 
services, not directly on the technology.…”. 
Q7 - “I don't agree that 6G will further enhance 
the capabilities of public safety and crime 
prevention, more than what 5G already offers”. 

SS-KVI6: 
Improved 
Digital Skills 
& 
Competency 

Educational 
and career 
opportunities 

Interviewees highlight that 
6G could improve access to 
digital education by 
enhancing connectivity, 
transmission quality, and 
immersive learning tools, 
particularly in remote or 
underserved areas. 
Nevertheless, many stress 
that education should 
remain blended, combining 
digital tools with physical 
interaction. Several 
participants question 
whether 6G will 
fundamentally transform 
remote education compared 
to existing technologies. 

Project 
Manager / 
Professor / 
Software 
Developer / 
Senior 
Consultant 

Q1 - “6G could enable high-speed connections, 
especially in remote areas, which could improve 
access to education resources…”. 
Q2 - “With early access to 6G technologies […] 
the quality of transmission and video 
conferencing for remote learning will be 
significantly enhanced”. 
Q3 - “While full 6G deployment is still in the 
future, its capabilities will likely improve access to 
immersive learning technologies, such as VR 
classrooms and real-time tutoring. I see remote 
learning as a valuable tool for inclusivity, 
especially for people in rural areas”. 
Q4 - “A balance must be established as imagining 
students only in remote learning without human 
contact at least in parts of their learning process, 
will produce people that may under develop 
other parts of their personality”. 
Q5 - “Not really. Remote learning could be great 
but for acquiring almost all skills you may need 
blend learning”. 
Q6 - “Remote learning is useful, but I don't think 
it will take advantage from 6G technologies”. 
Q7 - “It is not expected that 6G would increase 
it”. 

SS-KVI8: 
Improved 
Emergency 
Response & 
Preparedness 

Emergency 
response 

Participants generally agree 
that 6G could strengthen 
emergency response 
through ultra-low latency, 
high reliability, and 
integration of real-time data 
from multiple sources such 
as sensors, drones, and 
body-worn cameras. These 

Researcher / 
Data Scientist 
/ Software 
Developer / 
Project 
Manager 

Q1 - “6G can help with more widespread network 
access and dedicated service profiles for first 
responders…”. 
Q2 - “6G offers ultra-low latency and high 
reliability, which can enhance real-time 
communication”. 
Q3 - “6G can offer real-time high-resolution video 
from drones or bodycams during emergencies, 
giving responders critical situational awareness. 
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capabilities are perceived to 
support faster decision-
making and preventive 
action. However, concerns 
remain about coverage in 
disaster zones, privacy 
implications, legal 
constraints, and uncertainty 
regarding the actual 
performance levels that 6G 
will deliver. 

However, one challenge will be ensuring robust 
coverage in disaster zones, where infrastructure 
may be damaged or overloaded”. 
Q4 - “Integrate different sources of information 
(body cams, city surveillance, drones, ...) to 
support better decision making, at local level or 
at central management/decision level”. 
Q5 - “Benefits on quick actions and preventive 
procedures. Challenges on legal definitions to 
allow those preventive reactions by having access 
to public data such as recording public and 
private areas which may compromise privacy 
from citizens”. 
Q6- “It is not clear what will be the real values 
achieved by 6G…”. 

ENV-KVI5: 
Improved Air 
Quality 

Environmental 
sustainability 

Interviewees link 6G 
indirectly to environmental 
sustainability, particularly 
through improved air quality 
enabled by real-time 
monitoring, predictive 
analytics, and more efficient 
traffic and mobility 
management. While several 
participants see value in 
combining 6G with AI for 
proactive environmental 
control, others argue that 
current 5G technologies 
may already be sufficient, 
and that 6G’s environmental 
benefits will largely depend 
on how it is applied rather 
than on the technology 
itself. 

Researcher / 
Software 
Developer / 
Project 
Manager / 
Data Scientist 
/ Senior 
Consultant 

Q1 - “These technologies can improve air quality 
by enabling real-time monitoring of air 
conditions…”. 
Q2 - “Smarter traffic systems can reduce 
congestion and emissions, directly improving 
urban air quality”. 
Q3 - “With the combination of 6G and artificial 
intelligence, it is possible to predict critical 
pollution episodes and activate preventive 
actions”. 
Q4 - “Not much impact. Eventually only the 
impact that comes from a more efficient urban 
mobility powered by 6G & AI solutions”. 
Q5 - “I would say that it would be indirectly, for 
example, if they are used to improve traffic 
management, disaster recovery, or providing 
more access to education online…”. 
Q6 - “I think current 5G technology is enough for 
air quality improvement don't see any advantage 
on using 6G technologies”. 

SQ-KVI3: 
Perceived 
Data Security 
& Privacy 

Security and 
privacy 

Participants recognise 
security and privacy as 
critical requirements for 
future 6G-enabled smart 
city services. Faster 
networks, higher capacity, 
and embedded AI are seen 
as enablers of stronger 
encryption and real-time 
threat detection. At the 
same time, several 
interviewees stress that 
security outcomes depend 
on implementation choices 
and governance, and that 
increased data collection 
may introduce new privacy 
risks if not carefully 
managed. 

Senior 
Consultant / 
Researcher / 
Software 
Developer / 
Product 
Manager / 
Professor 

Q1 - “I believe it can contribute to strong security 
measures, given the latency and bit rate provided 
by 6G network.”. 
Q2 - “6G will improve security and protect privacy 
in smart cities by enabling real-time AI-powered 
anomaly detection and reliable encrypted 
communications across connected devices and 
infrastructure”. 
Q3 - “6G will bring stronger encryption, 
decentralized identity systems, and AI-based 
threat detection. These technologies can help 
secure data while maintaining transparency and 
accountability. It can certainly support stronger, 
more adaptive security frameworks, but must be 
implemented with clear privacy protections”. 
Q4 - “The potential embedded AI in 6G will bring 
better and more rapid operations in this area, 
making use of the massive possible distribution of 
sensors in the community”. 
Q5 - “It depends, it can improve security and 
privacy, but also raises questions on data 
privacy…”. 
Q6 - “Only indirectly and not on specific 6G 
approaches: if 6G is able to provide more 
capacity and faster services, so that strong 
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security approaches do not compromise the 
network performance”. 

 

Table 80: UC-CITIES-1 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree 
(%) 

Improved 6G solutions help citizens save money by 
reducing fuel use and car wear through optimized 
traffic flow. 

3.90 0.80 19.15 57.45 17.02 6.38 0.00 

 Optimised traffic flow and minimized idling times 
reduce costs associated with traffic accidents and 
insurance. 

4.30 0.80 44.68 48.94 2.13 2.13 2.13 

 Improved 6G solutions contribute to reducing labor 
costs through AI-driven systems that automate the 
monitoring of urban spaces. 

4.00 0.80 27.66 48.94 19.15 4.26 0.00 

The automation of urban spaces monitoring 
minimises the need for manual patrols and optimises 
infrastructure use, such as better car park 
management. 

4.20 0.80 38.30 48.94 8.51 4.26 0.00 

6G-enabled systems improve operational efficiency 
by enabling real-time responses to dynamic road 
conditions, reducing accident risks and optimising 
travel routes. 

4.40 0.70 44.68 48.94 4.26 2.13 0.00 

Optimised travel routes contribute to smoother 
traffic flow and reduced travel times. 

4.60 0.70 63.83 31.91 2.13 2.13 0.00 

The use of 6G solutions enables dynamic object 
detection and real-time updates to online maps. 

4.40 0.80 53.19 34.04 10.64 2.13 0.00 

Dynamic pricing for parking, congestion zones, and 
public transport, based on real-time demand, 
generates new revenue streams for cities. 

3.80 1.00 23.40 51.06 12.77 10.64 2.13 

 The implementation of real-time demand-based 
pricing for urban services optimizes revenue 
generation while managing congestion and service 
availability. 

3.80 0.90 21.28 48.94 23.40 4.26 2.13 

Monetising data generated by smart city sensors and 
services gives valuable insights to businesses and 
service providers. 

4.30 0.80 42.55 46.81 6.38 4.26 0.00 

The implementation of 6G solutions in traffic 
management and city services makes cities more 
efficient and attractive to businesses and investors. 

4.20 0.80 38.30 42.55 17.02 2.13 0.00 

Improved city connectivity and smart infrastructure 
powered by 6G technologies contribute to increased 
business opportunities and investment in urban 
areas. 

4.30 0.70 38.30 51.06 8.51 2.13 0.00 

The adoption of advanced 6G solutions creates new 
job opportunities in fields like tech development, 
data analysis, and infrastructure management. 

4.20 0.80 40.43 40.43 14.89 4.26 0.00 

 6G solutions contribute to decreased crime rates 
through enhanced surveillance and faster response 
times. 

3.60 0.80 10.64 44.68 36.17 8.51 0.00 

Real-time data from sensors and AI analytics 
improves services like stolen vehicle detection and 
parking enforcement. 

4.00 0.70 25.53 53.19 21.28 0.00 0.00 

Improved traffic management and autonomous 
vehicle technologies contribute to reducing traffic 
accidents and fatalities. 

4.30 0.70 42.55 48.94 6.38 2.13 0.00 
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6G solutions help reduce traffic congestion, providing 
smoother travel experiences. 

4.00 0.80 23.40 59.57 10.64 6.38 0.00 

 Enhanced travel convenience leads to lower stress 
levels and improved mental well-being. 

4.10 0.90 42.55 36.17 12.77 8.51 0.00 

Optimizing traffic flow and minimising vehicle 
emissions contribute to better air quality and 
reduced noise pollution. 

4.30 0.80 46.81 42.55 8.51 0.00 2.13 

Improved 6G solutions increase accessibility to city 
services for all residents, including those with 
disabilities. 

3.70 0.90 14.89 46.81 31.91 4.26 2.13 

 The accessibility to city services can be increased 
through the effective control of shared spaces, 
autonomous vehicles, and safer traffic condition 
monitoring. 

4.00 0.60 19.15 65.96 12.77 2.13 0.00 

 6G solutions bridge the digital divide by providing 
widespread access to high-speed internet and smart 
services across all communities. 

4.00 0.80 25.53 48.94% 21.28 4.26 0.00 

Improving air quality and facilitating access to 
healthcare services via smart technologies enhance 
health outcomes. 

4.20 0.70 34.04 57.45 6.38 2.13 0.00 

 6G solutions promote walking, cycling, and the use 
of public transport. 

3.40 1.20 21.28 21.28 38.30 10.64 8.51 

Improved 6G solutions enhance infrastructure and 
offer real-time traffic and environmental condition 
updates. 

4.30 0.70 40.43 44.68 14.89 0.00 0.00 

Improved 6G solutions contribute to better access to 
educational resources and remote learning. 

3.80 1.00 23.40 40.43 27.66 6.38 2.13 

Remote learning is possible through reliable high-
speed internet and smart technology integration. 

4.20 0.70 34.04 51.06 12.77 2.13 0.00 

As smart city technologies are implemented, new job 
opportunities in tech, infrastructure, and service 
sectors are created. 

4.10 0.70 31.91 53.19 12.77 2.13 0.00 

6G solutions enhance emergency service response 
times through real-time data and advanced analytics. 

4.50 0.70 55.32 40.43 2.13 2.13 0.00 

6G solutions improve disaster preparedness via 
predictive analytics and real-time environmental 
monitoring. 

4.30 0.70 42.55 48.94 4.26 4.26 0.00 

6G solutions enable better management of urban 
spaces and services, such as parking and public 
safety. 

4.20 0.60 31.91 57.45 10.64 0.00 0.00 

The usage of AI and real-time data contributes to 
better managing urban spaces and services. 

4.30 0.70 40.43 48.94 8.51 2.13 0.00 

 6G solutions enhance the quality and efficiency of 
public services, contributing to a higher standard of 
living in smart cities. 

4.10 0.80 31.91 53.19 10.64 4.26 0.00 

Optimizing traffic management and increasing the 
use of autonomous and electric vehicles reduces 
greenhouse gas emissions. 

4.20 0.80 40.43 38.30 19.15 2.13 0.00 

6G enables real-time energy optimization for city 
infrastructure, including streetlights, traffic signals 
and public transportation systems. 

4.00 0.90 31.91 46.81 17.02 2.13 2.13 

 6G solutions deploy environmental sensors to 
monitor air quality and enable timely interventions 
to reduce pollution. 

3.80 0.90 25.53 40.43 25.53 8.51 0.00 

Providing real-time data, enhancing service 
reliability, and reducing congestion and emissions 
improve public transport. 

4.30 0.70 42.55 46.81 10.64 0.00 0.00 

6G solutions leverage sensors and AI to manage and 
maintain green spaces, promoting biodiversity and 
mitigating urban heat island effects. 

3.70 0.80 14.89 42.55 38.30 4.26 0.00 
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6G solutions provide users a smooth, uninterrupted 
experience of high-quality of high-distribution video 
on the move, without buffering or quality 
degradation. 

4.30 0.80 51.06 31.91 14.89 2.13 0.00 

Users are satisfied with smart city services due to 
their ease of use, accessibility, and relevant 
information provided. 

3.90 0.80 21.28 48.94 23.40 6.38 0.00 

6G-enabled smart city services provide value and 
convenience, leading to higher overall user 
satisfaction. 

4.10 0.70 27.66 59.57 10.64 2.13 0.00 

Smart city services are consistently available without 
interruptions, ensuring users can rely on them at any 
time. 

3.80 0.90 21.28 48.94 19.15 10.64 0.00 

Network connections for vehicles, sensors, and 
devices are stable, minimising disconnections and 
data loss. 

3.90 0.90 25.53 40.43 27.66 6.38 0.00 

The system ensures smooth communication and 
service continuity by maintaining stable and reliable 
network connections. 

3.90 0.90 29.79 38.30 27.66 4.26 0.00 

Service requests, such as traffic updates, video 
streaming and emergency alerts, are handled with 
quick response times, ensuring timely information 
delivery. 

4.30 0.70 40.43 44.68 14.89 0.00 0.00 

Computational and network resources ensure that 
smart city services are delivered with optimal 
performance and minimal wastage of resources. 

4.20 0.70 34.04 51.06 14.89 0.00 0.00 

The high accuracy of data collected from sensors and 
vehicles ensure reliable and precise information for 
decision-making and service delivery. 

4.30 0.60 36.17 55.32 8.51 0.00 0.00 

Decision-making and service delivery are crucial for 
maintaining trust in the system's data-driven insights. 

4.20 0.70 31.91 59.57 6.38 0.00 2.13 

AI predictions for mobility paths, network quality, 
and service needs enhance the efficiency of proactive 
service orchestration and improve overall system 
performance. 

4.20 0.80 34.04 53.19 10.64 0.00 2.13 

Strong security measures ensure user trust and 
safeguarding sensitive information within the smart 
city platform. 

4.50 0.60 51.06 44.68 4.26 0.00 0.00 

Effective mechanisms to safeguard user privacy 
ensure compliance with privacy laws and build 
confidence among users in the platform’s operations 

4.40 0.70 46.81 46.81 4.26 2.13 0.00 

User privacy is particularly relevant in the collection 
and processing of personal data. 

4.60 0.60 65.96 27.66 6.38 0.00 0.00 

The smart city platform can scale up and 
accommodate increasing numbers of users, devices, 
and services without compromising performance. 

4.10 0.80 36.17 42.55 19.15 2.13 0.00 

The accommodation of several users, devices, and 
services without compromising performance shows 
the system’s adaptability to growing urban needs. 

4.30 0.60 36.17 53.19 10.64 0.00 0.00 

The flexibility of the system to adapt to changing 
conditions highlights its capacity for dynamic 
adjustments and sustained performance. 

4.30 0.60 38.30 51.06 10.64 0.00 0.00 

The seamless integration and interoperability 
between different systems, devices, and technologies 
within the smart city infrastructure, enables cohesive 
functionality and efficient service delivery. 

4.30 0.70 40.43 48.94 10.64 0.00 0.00 

The effective integration of data from various 
sources, such as vehicles, sensors, and infrastructure 
provide comprehensive and actionable insights. 

4.40 0.60 48.94 46.81 4.26 0.00 0.00 
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Comprehensive and actionable insights aid in better 
decision-making and smarter urban management. 

4.30 0.60 40.43 51.06 8.51 0.00 0.00 

The continuous innovation in the development of 
new services demonstrates the platform's approach 
to improving quality of life in the city. 

4.30 0.60 38.30 57.45 4.26 0.00 0.00 

The ability to customize services based on user 
preferences and specific requirements enhances user 
satisfaction and engagement. 

4.30 0.70 42.55 46.81 8.51 2.13 0.00 

User satisfaction and engagement are enhanced by 
making services more personal and relevant to 
individual needs. 

4.30 0.70 46.81 36.17 17.02 0.00 0.00 
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UC-CITIES-2 - Automated Logistics 

Key Performance Indicators’ Identification and Definition 
 

Table 81: UC-CITIES-2 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 
 

 Availability High availability required, so 
that the human AGV operator 
should be able to reach, and 
control AGV if necessary 

99.999% 99.99% 

 

Coverage & Downtime 

 Reliability High reliability required, so that 
the human AGV operator 
should be able to reach, and 
control AGV if necessary 

99.999% 99.99% 

 

Packet Loss 

 Performance Ingress (one way download) 
Latency 

<5ms 8.43ms 

Network monitoring. 

 

Radio segment introduces most. 
 Performance Throughput >1Gbps 

 

1Gbps on radio segment, limited by 
the Radio Antenna physical interface 
which is 1 Gbps. 

10Gbps on transmission (optical) 
segment. 

Key Value Indicators’ Identification and Definition 
 

Table 82: UC-CITIES-2 KVI identification and definition 

KV Family KVI Key Value Enablers 
(KVEs) 

Definition Related UN 
SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
AGVs, real-time fleet 
orchestration, predictive 
maintenance, B5G 
connectivity 

Reduction in operational costs 
(labour, energy, maintenance, 
downtime) enabled by AGV 
automation and reliable 6G 
connectivity compared to 5G-based 
logistics operations. 

SDG 8,  
SDG 9,  
SDG 12 

Productivity EC-KVI4: Productivity 
and Efficiency Gains 

Autonomous task 
execution, ultra-reliable 
low-latency communication 
(URLLC), AI-based 
scheduling 

Increased throughput of goods 
handled and reduced delivery times 
through continuous AGV operation 
and real-time coordination. 

SDG 8,  
SDG 9 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Real-time asset tracking, 
edge analytics, sensor 
fusion 

More efficient utilisation of human 
labour, AGVs, storage space, and 
energy through data-driven 
optimisation. 

SDG 8,  
SDG 12 

Economic 
Performance & 
Growth 

EC-KVI2: Profit Increase Higher throughput, reduced 
losses, operational 
optimisation 

Improved profitability resulting 
from cost reductions, higher 
productivity, and scalable AGV 
operations. 

SDG 8,  
SDG 9 

Economic 
Performance & 
Growth 

EC-KVI3: New Revenue 
Streams 

Data monetisation, 
logistics-as-a-service 
models 

Creation of new revenue 
opportunities through advanced 
logistics services and data-driven 
optimisation offerings. 

SDG 8,  
SDG 9 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 145  

KV DomainSocial KV 

Health & Wellbeing 
SS-KVI1: Improved 
Public Health & Safety 

AGVs replacing manual 
handling, collision 
avoidance systems, real-
time monitoring 

Reduction in workplace injuries and 
accidents by removing manual 
transport of heavy goods and 
enabling safer warehouse 
operations. 

SDG 3,  
SDG 8 

Health & Wellbeing 
SS-KVI2: Enhanced 
Quality of Life 

Reduced physical strain, 
safer work environment 

Improved physical and mental well-
being of workers through safer, less 
strenuous working conditions 
enabled by automation. 

SDG 3,  
SDG 8 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

AGV operation dashboards, 
network monitoring tools, 
AI-assisted systems 

Enhancement of employee skills 
through exposure to advanced 
AGV, AI, and B5G system operation 
and supervision. 

SDG 4,  
SDG 8 

Education & Skills 
SS-KVI7: Increased 
Technology Adoption & 
Digital Uptake 

AGV integration, IoT 
sensors, edge-cloud 
platforms 

Increased adoption of advanced 
digital technologies within logistics 
operations, accelerating workforce 
digital transformation. 

SDG 4,  
SDG 9 

Community 
Wellbeing & 
Resilience 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Real-time monitoring, 
remote intervention 
capabilities 

Improved response to emergencies 
within warehouses through real-
time visibility and remote control of 
AGVs. 

SDG 11 

Social Cohesion & 
QoL 

SS-KVI11: Enhanced 
User Satisfaction & 
Perceived Value 

Reliable AGV operation, 
intuitive control interfaces 

Increased satisfaction of operators 
and managers due to reliable, 
efficient, and user-friendly logistics 
systems. 

SDG 8,  
SDG 9 

KV Domain Environmental KV 

Environmental 
Sustainability 

ENV-KVI2: Energy 
Efficiency 

Energy-aware routing, 
efficient AGV charging, 
edge optimisation 

Reduction in energy consumption 
of logistics operations compared to 
5G-based systems through 
optimised AGV usage. 

SDG 7,  
SDG 12 

Climate & 
Emissions 
Reduction 

ENV-KVI4: Carbon 
Emissions Reduction 

Reduced idle time, 
optimised routes, 
electrified AGVs 

Lower carbon emissions due to 
reduced energy waste, fewer 
errors, and optimised logistics 
flows. 

SDG 13 

Waste Reduction & 
Circularity 

ENV-KVI9: Waste 
Reduction 

Precision handling, 
automation, inventory 
accuracy 

Reduction in damaged goods, 
packaging waste, and process 
inefficiencies through automated 
AGV handling. 

SDG 12 

KVUser Experience 

KV Domain Service Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Stable connectivity, 
responsive systems, 
intuitive dashboards 

Overall satisfaction of operators 
and managers with AGV logistics 
enabled by reliable 6G connectivity. 

SDG 9 

User Satisfaction & 
Perception 

SQ-KVI2: System 
Trustworthiness 

Deterministic networking, 
predictable AGV behaviour 

Trust in the AGV and network 
system to perform logistics tasks 
reliably and safely. 

SDG 9 

Usability & 
Accessibility 

SQ-KVI4: Perceived 
Ease of Use 

Human-machine interfaces, 
simplified control tools 

Ease with which operators can 
interact with and manage AGVs 
compared to previous systems. 

SDG 8 

System Reliability 
& Performance 

SQ-KVI6: Perceived 
System Reliability 

URLLC, edge redundancy, 
network monitoring 

Consistency and dependability of 
AGV operations without network 
disruptions. 

SDG 9 

System Reliability 
& Performance 

SQ-KVI8: Perceived 
Scalability 

Large-scale IoT support, 
edge-cloud scalability 

Ability of the logistics system to 
scale AGV fleets and data volumes 
without degradation. 

SDG 9 

User Satisfaction & 
Perception 

SQ-KVI3: Perceived 
Data Security & Privacy 

Secure B5G networking, 
controlled data access 

Confidence that operational and 
sensor data from AGVs are securely 
transmitted and protected. 

SDG 9,  
SDG 16 
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Evaluation 
Table 83: UC-CITIES-2 Interview’s results 

KVI Theme Summary of Findings / Key 
Insight 

Positive / 
Negative 

Key 
Stakeholder 

Stakeholder Quotes 

SS-KVI1: Improved 
Public Health & 
Safety 

People safety Human safety is the top 
priority in robotic warehouse 
environments. AGVs are 
expected to reduce manual 
handling, heavy lifting, and 
exposure to hazardous 
situations, provided real-time 
supervision and emergency 
procedures are in place. 

Positive 
(Critical 
requirement) 

Warehouse 
expert 

“People and stock are 
the most important 
assets”. 

SQ-KVI7: Perceived 
Responsiveness 

Real-time 
system 
feedback 

Zero-latency visual and 
situational feedback to the 
control centre is essential for 
safe AGV operation and rapid 
intervention. 

Positive 
(Critical 
requirement) 

Warehouse 
expert 

“VERY VERY 
IMPORTANT is the 
camera and situation 
feedback with 0 
LATENCY …to the 
CONTROL CENTER”. 

SQ-KVI6: Perceived 
System Reliability 

Operational 
reliability 

Trust in AGV systems depends 
on uninterrupted connectivity, 
accurate sensor data, and 
reliable real-time monitoring 
of both people and stock 
movements. 

Positive 
(Critical 
requirement) 

Warehouse 
expert 

“STOCK and PEOPLE 
are the most 
important assets”. 

EC-KVI4: 
Productivity and 
Efficiency Gains 

Automation & 
throughput 

AGVs, combined with hybrid 
or robot-only shifts, can 
significantly improve 
operational efficiency, 
especially for inventory 
cataloguing and repetitive 
logistics tasks. 

Positive Warehouse 
expert 

“Shifts can be 
Humans Only… Hybrid 
- Humans and 
Robots… Robots Only 
(i.e. night shift)… for 
Inventory Cataloging”. 

EC-KVI5: Resource 
Efficiency Gains 

Space and 
asset 
optimisation 

Dynamic learning of stock 
locations and AI-driven 
demand prediction enable 
more efficient use of space, 
robots, and infrastructure in 
highly variable warehouse 
environments. 

Positive Warehouse 
expert 

“Dynamic Learning of 
Location of Stock 
since very frequently 
the Stock Space is 
Dynamically Allocated 
or changed”. 

ENV-KVI9: Waste 
Reduction 

Inventory 
precision 

Itemised packaging and 
standardised tracking are 
essential to reduce waste, 
losses, and inefficiencies 
caused by fragmented or non-
itemised stock handling. 

Positive 
(With 
constraints) 

Warehouse 
expert 

“If packaging is not 
Itemised… 
Fragmentation should 
be followed… how 
many were shipped… 
how many remain”. 

SS-KVI8: Improved 
Emergency 
Response & 
Preparedness 

Emergency 
readiness 

Robotic warehouse 
deployment must explicitly 
account for emergency 
scenarios such as fire or 
evacuation, integrating these 
into operational design and 
procedures. 

Positive 
(Design 
requirement) 

Warehouse 
expert 

“Emergency Response 
Procedures (in case of 
Fire, Evacuation)”. 

EC-KVI1: 
Operational Cost 
Savings 

Total cost of 
ownership 

Economic benefits depend on 
holistic cost evaluation, 
including training, process 
change, environmental 
conditions, and system 
adaptation-not just 
automation hardware. 

Mixed Warehouse 
expert 

“The TOTAL 
investment should 
take into account cost 
of material, time for 
training people… and 
COST of changing the 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 147  

procedures of the 
company”. 

 

Table 84: UC-CITIES-2 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 
 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree (%) 

Operational Cost: Expected change in energy and 
labor costs. 4.50 0.51 50.00 50.00 0.00 0.00 0.00 

Downtime Cost: Expected fewer network/system 
downtimes. 1.90 0.84 3.30 0.00 10.00 56.70 30.00 

Productivity: Expected change in volume of goods 
handled per shift. 4.33 0.55 36.70 60.00 3.30 0.00 0.00 

Asset Utilisation: Expected improvement in 
utilization of key assets. 4.50 0.51 50.00 50.00 0.00 0.00 0.00 

Scalability: System can handle peak loads without 
additional infrastructure costs. 4.40 0.50 40.00 60.00 0.00 0.00 0.00 

Readiness: How soon proposed services could be 
utilised. 2.00 0.00 0.00 0.00 0.00 100.00 0.00 

Success: Ranking of experiment success. 4.73 0.45 73.30 26.70 0.00 0.00 0.00 

Workplace Accidents: 6G systems reduced need 
for hazardous manual tasks. 4.60 0.50 60.00 40.00 0.00 0.00 0.00 

Working Conditions: 6G systems will reduce need 
for hazardous manual tasks. 4.67 0.48 66.70 33.30 0.00 0.00 0.00 

Job Creation: New tech-related roles expected in 
department. 4.40 0.50 40.00 60.00 0.00 0.00 0.00 

Skill Development: Team needs 6G-related 
upskilling or training. 4.40 0.50 40.00 60.00 0.00 0.00 0.00 

Energy Consumption: Noticeable reduction in 
energy usage on 6G adoption. 4.47 0.51 46.70 53.30 0.00 0.00 0.00 

Carbon Emissions: Optimised robot routing will 
lead to fuel savings/fewer emissions. 4.37 0.56 40.00 56.70 3.30 0.00 0.00 

Waste Reduction: Fewer damaged goods or 
packaging waste with 6G. 4.47 0.51 46.70 53.30 0.00 0.00 0.00 

User Satisfaction: Satisfied with performance and 
speed of 6G system. 4.60 0.50 60.00 40.00 0.00 0.00 0.00 

Ease of Use: The system is easy to learn and use. 
 4.53 0.51 53.30 46.70 0.00 0.00 0.00 

Network Reliability: 6G network is reliable and 
consistent with minimal disruption. 4.47 0.51 46.70 53.30 0.00 0.00 0.00 

Data Reliability: Data collected by 6G systems is 
accurate and consistent. 4.53 0.51 53.30 46.70 0.00 0.00 0.00 

Scalability: 6G system scales well during peak 
demand. 4.50 0.51 50.00 50.00 0.00 0.00 0.00 

Trust: Trust the 6G system to perform critical 
logistics operations reliably. 4.63 0.49 63.30 36.70 0.00 0.00 0.00 

Services Usefulness: Test area graphing, obstacle 
avoidance, route scenarios are useful. 4.63 0.49 63.30 36.70 0.00 0.00 0.00 

Automation Improvement: Implement more 
automation to reduce HR involvement. 4.70 0.47 70.00 30.00 0.00 0.00 0.00 

Network Capabilities: Expected to improve the 
final result. 4.57 0.50 56.7 43.30 0.00 0.00 0.00 

HR Qualifications: AGV robot users and 
warehouse operators’ qualifications needed. 4.53 0.51 53.30 46.70 0.00 0.00 0.00 
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UC-CITIES-3 - Security Coordination 

Key Performance Indicators’ Identification and Definition 
 

Table 85: UC-CITIES-3 KPI identification and definition 

Family KPI Name Description Target Measuring Methodology 
Data rate/capacity Throughput - DL Measurement of the 

throughput in downlink from 
end-to-end during data sharing 

> 100 
Mbps 

Tools inside the MCX application. 

Specific tool from user point of view, A 
specific tool allowing the throughput 
measurement through the exchange of 
known and controlled data. 

Throughput - UL Measurement of the 
throughput in uplink from end-
to-end during data sharing 

> 100 
Mbps 

Specific tool from user point of view, A 
specific tool allowing the throughput 
measurement through the exchange of 
known and controlled data. 

Video 
performance 

Latency Measurement of the latency < 20 ms Tools inside the MCX application. From 
user point of view, a specific function is 
available to measure latency by sharing 
a certain amount of data between the 
user and the server (end-to-end 
sharing). 

Reliability & 
Availability 

Reliability Error rate on the application 99% Logs (errors that occurred during the 
use of the application are logged in files. 
The occurrence of errors indicates the 
overall availability). 

Key Value Indicators’ Identification and Definition 
 

Table 86: UC-CITIES-3 KVI identification and definition 

KV Family KVI (Standardised) KVE (Key Value Enablers) Definition Related 
UN SDGs 

KV  Sustainability 

KV DomainEconomic KV 
Cost Efficiency EC-KVI1: Operational 

Cost Savings 
Ultra-low latency 
connectivity, real-time 
situational awareness, AI-
assisted incident assessment 

Reduction in total emergency 
response operational costs through 
faster coordination, fewer false 
alarms, and optimized deployment 
of resources enabled by 6G 
compared to 5G. 

SDG 9, 
SDG 11 

Cost Efficiency EC-KVI1: Operational 
Cost Savings 

AI-based threat detection, 
real-time video analytics, 
edge processing 

Reduction in crime-related 
economic losses (property damage, 
theft, service disruption) through 
faster detection and intervention 
enabled by 6G. 

SDG 8, 
SDG 11 

Cost Efficiency EC-KVI1: Operational 
Cost Savings 

Sensor fusion, AI-based 
incident verification, edge 
intelligence 

Reduction in false alarms and 
unnecessary dispatches by enabling 
accurate real-time emergency 
validation using 6G. 

SDG 9, 
SDG 11 

Productivity EC-KVI5: Resource 
Efficiency Gains 

Multi-agency data sharing, 
dynamic resource 
orchestration, network 
slicing 

Improved utilization of emergency 
response assets (vehicles, 
personnel, equipment) by reducing 
idle time and improving 
coordination through 6G. 

SDG 9, 
SDG 12 

KV DomainSocial KV 
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Health & Wellbeing 
SS-KVI1: Improved 
Public Health & Safety 

Real-time surveillance, AI-
assisted incident detection, 
ultra-reliable 
communications 

Enhanced public safety through 
faster, more effective emergency 
interventions enabled by 6G 
compared to 5G. 

SDG 3, 
SDG 11 

Health & Wellbeing 
SS-KVI1: Improved 
Public Health & Safety 

Wearable sensors, mission-
critical communications, 
situational awareness tools 

Improved safety of emergency 
responders (police, firefighters, 
paramedics) through real-time 
monitoring and reliable 6G 
connectivity. 

SDG 3, 
SDG 8 

Community 
Wellbeing & 
Resilience 

SS-KVI8: Improved 
Emergency Response & 
Preparedness 

Ultra-low latency networks, 
edge analytics, cross-agency 
coordination 

Reduction in emergency response 
times, increasing the likelihood of 
life-saving interventions and 
limiting incident impact. 

SDG 3, 
SDG 11 

Community 
Wellbeing & 
Resilience 

SS-KVI9: Increased 
Community 
Engagement & Trust 

Transparent information 
dissemination, real-time 
alerts, trusted 
communications 

Increased public confidence in 
emergency services due to 
improved effectiveness, 
transparency, and reliability 
enabled by 6G. 

SDG 16 

Social Inclusion & 
Equity 

SS-KVI10: Improved 
Social Connectivity & 
Participation 

Public alert systems, real-
time information platforms, 
inclusive communication 
channels 

Improved community engagement 
during crises through timely, 
accessible information sharing 
enabled by 6G. 

SDG 11, 
SDG 16 

Education & Skills 
SS-KVI6: Improved 
Digital Skills & 
Competency 

Data analytics dashboards, 
public awareness platforms, 
training tools 

Enhanced public awareness and 
education on safety trends and 
emergency preparedness 
supported by 6G-enabled 
information systems. 

SDG 4, 
SDG 11 

KV DomainEnvironmental KV 

Climate & Emissions 
Reduction 

ENV-KVI4: Carbon 
Emissions Reduction 

Optimized routing, real-time 
coordination, reduced 
dispatch redundancy 

Reduction in greenhouse gas 
emissions by minimizing 
unnecessary travel of emergency 
vehicles through optimized 6G-
enabled coordination. 

SDG 13 

Environmental 
Sustainability 

ENV-KVI8: Natural 
Resource Conservation 

Environmental sensors, 
situational awareness, rapid 
response coordination 

Conservation of natural resources 
(forests, water bodies, wildlife) 
through faster detection and 
response to environmental 
emergencies using 6G. 

SDG 13, 
SDG 15 

Environmental 
Sustainability 

ENV-KVI2: Energy 
Efficiency 

Energy-aware network 
operation, edge computing, 
adaptive resource use 

Reduction in energy consumption 
of emergency response operations 
enabled by efficient 6G 
communication and processing 
compared to 5G. 

SDG 7, 
SDG 12 

KV  User Experience 

KV DomainService Quality KV 

User Satisfaction & 
Perception 

SQ-KVI1: User 
Satisfaction 

Reliable services, intuitive 
interfaces, real-time decision 
support 

Higher satisfaction of emergency 
operators and coordinators with 
6G-enabled security coordination 
systems compared to 5G. 

SDG 9 

Usability & 
Accessibility 

SQ-KVI4: Perceived 
Ease of Use 

Unified control platforms, 
intuitive dashboards, 
automation support 

Improved ease of use of security 
coordination systems enabled by 
simplified, real-time 6G platforms. 

SDG 9 

System Reliability & 
Performance 

SQ-KVI6: Perceived 
System Reliability 

URLLC, network slicing, 
redundancy mechanisms 

Improved perceived reliability of 
emergency communication systems 
due to minimal disruptions and 
high availability of 6G networks. 

SDG 9 

System Reliability & 
Performance 

SQ-KVI8: Perceived 
Scalability 

Elastic network slicing, 
cloud-edge scalability 

Ability of the 6G-enabled system to 
handle large-scale incidents with 
many simultaneous users and data 

SDG 9 



D6.1- 6G trials and pilots validation and evaluation - Initial 

© 6G-PATH  Page | 150  

streams without performance 
degradation. 

User Satisfaction & 
Perception 

SQ-KVI2: System 
Trustworthiness 

Secure communications, 
data integrity, certified 
platforms 

Increased trust in security 
coordination systems due to 
reliable, secure, and transparent 
6G-enabled operations. 

SDG 16 

Integration & 
Interoperability 

SQ-KVI5: Data/Service 
Accessibility 

Cross-agency data 
integration, interoperable 
platforms 

Seamless interoperability between 
different emergency services and 
their systems enabled by 6G data 
sharing capabilities. 

SDG 16 

 

Evaluation 
Table 87: UC-CITIES-3 Interview’s results 

KVI Theme Summary of Findings / 
Key Insight 

Positive / 
Negative 

Key 
Stakeholder 

Stakeholder Quotes 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Technology 
gap 

Existing emergency 
communication 
infrastructure is largely 
based on legacy 
narrowband systems, 
which may not be 
compatible with advanced 
broadband and 6G-
enabled services, creating 
a technological gap. 

Negative Firefighter “We only get TETRAPOL 
system today” – 
Firefighter. 

SQ-KVI2: System 
Trustworthiness 

Trust in the 
system 

End users place strong 
emphasis on secure, 
encrypted 
communications and 
expect future systems to 
guarantee confidentiality 
and protection against 
cyber threats. 

Positive Firefighter “Our exchanges are 
precious and we don’t 
want to be hacked” - 
Firefighter 

SQ-KVI7: Perceived 
Responsiveness 

Perceived 
benefit 

Access to richer and 
higher-volume data 
streams is perceived as 
beneficial for operational 
awareness and supports 
more effective day-to-day 
decision-making. 

Positive Firefighter “With more information 
we can be more 
efficient” – Firefighter. 

SS-KVI9: Increased 
Community 
Engagement & Trust 

Cost Public acceptance and 
trust are seen as critical 
prerequisites for 
deployment; without trust, 
citizens may resist 
implementation regardless 
of technical benefits. 

Negative Firefighter “If people don’t trust in 
the system, they will not 
allow the deployment” – 
Firefighter. 

SQ-KVI7: Perceived 
Responsiveness 

Perceived 
benefit 

Reduced latency is 
expected to significantly 
improve coordination, 
communication clarity, 
and operational efficiency 
during emergency 
interventions. 

Positive Firefighter “Sometimes we need to 
switch to another device 
on another network to 
be able to hear clearly 
the voice” – Firefighter. 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

Improved 
emergency 
response 
times 

New data types, such as 
real-time positioning of 
vehicles and personnel, 
are seen as highly valuable 

Positive Firefighter “New data like position 
of every truck or 
colleague can be 
known” – Firefighter. 
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for improving situational 
awareness during 
interventions. 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

Improved 
emergency 
response 
times 

Enhanced information 
availability prior to 
dispatch is expected to 
reduce intervention times 
and improve the 
effectiveness of 
emergency response 
coordination. 

Positive Responsible for 
security 
coordination in a 
city 

“Security coordination 
needs a lot of useful 
information to better 
dispatch” - Responsible 
for security coordination 
in a city. 

SS-KVI3: Digital 
Inclusion & 
Accessibility 

Technology 
gap 

Transitioning from 
narrowband to broadband 
emergency 
communication systems 
requires major 
infrastructure changes and 
may face organisational 
resistance to change. 

Negative Manager of 
departmental fire 
and rescue 
service 

“Going from 
narrowband to 
broadband implies to 
change our 
infrastructure” - 
Manager of 
departmental fire and 
rescue service. 

SQ-KVI2: System 
Trustworthiness 

Trust in the 
system 

Transparency regarding 
data location, ownership, 
and security mechanisms 
is essential for building 
institutional trust in future 
communication systems. 

Positive Manager of 
departmental fire 
and rescue 
service 

“We need to know 
where our data are and 
how secured they are” - 
Manager of 
departmental fire and 
rescue service. 

SQ-KVI6: Perceived 
System Reliability 

Perceived 
benefit 

Highly resilient broadband 
networks capable of 
supporting multiple data 
types are expected to 
significantly improve 
coordination among 
emergency services. 

Positive Manager of 
departmental fire 
and rescue 
service 

“With more information 
we can be more 
efficient” - Manager of 
departmental fire and 
rescue service. 

SQ-KVI5: 
Data/Service 
Accessibility 

Perceived 
benefit 

Improved coverage and 
enhanced network 
features are expected to 
reduce reliance on 
personal devices and 
ensure consistent access 
to authorised 
communication services. 

Positive Manager of 
departmental fire 
and rescue 
service 

“When the coverage is 
not good enough some 
users are taking their 
personal phone, which is 
forbidden, in order to be 
able to communicate” - 
Manager of 
departmental fire and 
rescue service. 

EC-KVI1: Operational 
Cost Savings 

Cost Cost considerations are 
critical, as deployment 
relies on public funding; 
careful planning is 
required to balance 
benefits against financial 
constraints. 

Negative Manager of 
departmental fire 
and rescue 
service 

“The cost is an essential 
point for use because it 
implicates public 
money” - Manager of 
departmental fire and 
rescue service. 

 

Table 88: UC-CITIES-3 Focus Group Discussions' results 

KVI (Standardised) Theme Summary of Findings / Key 
Insight 

Stakeholder Participant / Group 
Quotes 

SQ-KVI6: Perceived 
System Reliability 

Perceived 
benefit 

System reliability is viewed as a 
fundamental prerequisite for 
adoption. Participants stressed that 
unreliable systems would directly 
hinder operational work and lead to 
resistance toward adopting new 

Firefighters “Without reliability the 
solution will not be 
adopted” - Firefighter. 
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technologies in emergency 
response contexts. 

SQ-KVI2: System 
Trustworthiness 

Trust As data volumes and data 
exchanges increase, users express 
concerns regarding data access, 
storage, and cybersecurity. Clear 
explanations of data flows and 
governance mechanisms are 
required to build and maintain trust 
in the system. 

Firefighters “Today there is a lot of data 
and cyberattacks may occur 
so it is important to fully 
trust the system” - 
Firefighter 

SQ-KVI7: Perceived 
Responsiveness 

Perceived 
benefit 

Real-time performance is 
considered critical for effective 
decision-making. In emergency 
situations, delays in communication 
or system response are 
unacceptable and could 
compromise operational 
effectiveness. 

Firefighters N/A 

SS-KVI8: Improved 
Emergency Response 
& Preparedness 

Improved 
emergency 
response times 

Interoperability among first 
responders is identified as essential 
during major incidents and 
disasters. 5G/B5G-enabled data 
sharing is expected to improve 
coordination, situational 
awareness, and task allocation 
across multiple response actors. 

Security 
coordinator 

“When a disaster occurred 
everything go fast and you 
have to react quickly with a 
lot of different people to 
coordinate” - Responsible 
for security coordination in 
a city 

EC-KVI1: Operational 
Cost Savings 

Cost Cost is perceived as a major barrier 
to adoption, particularly in 
hierarchical public institutions. 
Decisions are made at higher 
administrative levels, limiting end-
user influence and increasing 
sensitivity to investment and 
transition costs. 

Manager of 
departmental fire 
and rescue service 

“The decision level to buy 
or not is at a high level, far 
from end-users so the cost 
is very important” - 
Manager of departmental 
fire and rescue service 

 

Table 89: UC-CITIES-3 Survey results 

Question Mean Std 
Dev 

Strongly 
Agree 
(%) 

Agree 
(%) 

Neutral 
(%) 

Disagree 
(%) 

Strongly 
Disagree 
(%) 

User satisfaction. How are you satisfied with the new 
technologies presented (5G/B5G) applied to the mission 
critical context? 

12.5 0.78 0.00 3.00 22.00 49.00 25.00 

Ease of use. How are you satisfied with the use of the 
new technologies presented (5G/B5G) applied to the 
mission critical context? 

12.25 0.63 0.00 2.00 21.00 65.00 13.00 

Do you think it will be an obstacle if it is not easy to use? 
 

14.20 0.72 0.00 2.00 8.00 29.00 62.00 

 Network reliability. How do you rate the accuracy of 
new technologies solutions (5G/B5G) in security 
coordination compared to  previous ones (e.g. 
TETRAPOL/TETRA)? 

11.35 0.58 0.00 2.00 40.00 56.00 3.00 

Data reliability. How do you rate the accuracy and 
consistency of data collected using new solutions (based 
on 5G/B5G) in security coordination compared to 
previous solutions? 

11.8 0.57 0.00% 0.00% 32.00 62.00 6.00 

Trust. How do you rate the overall trustworthiness of 6G 
solutions in security coordination compared to 5G 
solutions? 

11.50 0.54 0.00 0.00 38.00 59.00 3.00 
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Is it simple to communicate and coordinate different 
emergency services and work together? 

9.45 0.80 0.00 32.00 37.00 32.00 0.00 

Do you think you will work better with this technology? 
 

13.85 0.49 0.00 0.00 0.00 60.00 40.00 

Is it difficult to have the same level of technology 
understanding to interoperate? 

14.20 0.62 0.00 2.00 2.00 41.00 56.00 

Do you think that these new technologies will have a 
negative impact on the dispatch costs? 

8.05 0.80 4.00 48.00 37.00 10.00 2.00 

Do you think that these new technologies will have a 
positive impact on the dispatch costs? 

10.05 0.72 1.00 11.00 56.00 30.00 2.00 

Is the cost an important factor regarding the decision to 
use or not a new technology? 

14.25 0.56 0.00 0.00 3.00 41.00 56.00 

How do you rate the impact of these new technologies 
on the population? 

9.95 0.68 0.00 14.00 57.00 27.00 2.00 

Do you think that the population can be afraid of these 
technological advances? 

11.75 0.92 0.00 13.00 21.00 48.00 19.00 

Do you think acceptance will be quick? 
 

9.20 1.13 3.00 48.00 13.00 27.00 10.00 

Is it difficult to have the same level of technology 
understanding to interoperate? 

14.20 0.62 0.00 2.00 2.00 41.00 56.00 

Do you think these new technologies can reduce the 
environmental impact of mission-critical services? 

8.65 0.62 0.00 35.00 56.00 10.00 0.00 

In your opinion, is replacing one communication system 
with another worth the cost? 

10.35 0.63 0.00 10.00 52.00 38.00 0.00 

Do you think that resistance, from environmental 
organizations for example, could appear? 

10.30 0.57 0.00 6.00 60.00 33.00 0.00 

 


