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Glossary of terms and abbreviations used

Abbreviation / Term  |Description

ADR Adoption Rate

CCPR Co-Creation Participation Rate
CP Control Plane

CRR Cost Reduction Rate

CSR Connection Stability Rate

DIR Data Integrity Rate

EGR Employment Growth Rate

EKT EKTACOM (consortium partner)
EU EURECOM (consortium partner)
Fps Frames per second

HLS HTTP Live Streaming

IAC Inclusive Access Coverage

IAR Innovation Adoption Rate

KPI Key Performance Indicator

KUL KU Leuven (consortium partner)
KVI Key Value Indicator

LOS Line-of-Sight

Mbps Megabits per second

MCU Multipoint Control Units

MQE Message Queue Efficiency

NDI Network Device Interface

NLOS Non-Line-of-Sight

NRS Network Responsiveness Score
NTS Navigation Trust Score

OElI Operation Efficiency Improvement
Ol Objective Indicators

OIT Object Identification Tool

PIR Productivity Improvement Rate
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/Abbreviation [ Term

Description

PoCs Proofs of Concept

POI Point of Interest

PSIS Percentage of Safe Immersive Sessions
REI Representation Equity Index

RGR Revenue Growth Rate

RIS Reconfigurable Intelligent Surfaces
RLS Reliability Score

RUL Resource Usage Load

SDR SLAM Data Retention

SDR Safety Downtime Rate

SFU Selective Forwarding Unit

SIR Safety Incident Reduction

SIR System Integrity Rate

SLAM Simultaneous Localizations and Mapping
SPA Sensor Position Accuracy

SRE Security Response Efficiency

SSl Stakeholder Satisfaction Index

ucC Use Cases

up User Plane

VR Virtual Reality

XR Extended Reality
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1 Executive Summary

Deliverable D6.3 provides a comprehensive overview of the infrastructure setup and readiness status of vertical use case
(UC) validations carried out on two advanced 6G testbeds: KUL (KU Leuven) and EUR (EURECOM). Each site hosted and
successfully prepared two Proofs of Concept (PoCs) addressing key 6G-enabled verticals, showcasing the potential of next-
generation 6G networks to support emerging applications in immersive media, industrial automation, and remote
collaboration.

At KUL, the testbed prepared two PoCs under Use Case 1 (UC#1) focusing on immersive communications in the media and
broadcasting domain:

PoC#1 — Holoconferencing in Broadcasting (BRAIN): This PoC demonstrates how 6G networks and volumetric
capture can enable immersive telepresence within a broadcast studio. Remote guests, represented as real-time
3D holograms, are integrated into a virtual production using Brainstorm’s InfinitySet [1], creating a novel,
interactive holoconference experience.

PoC#2 — Multiuser Team-Building Activities (i2CAT): This scenario explores collaborative immersive experiences
leveraging extended reality and multi-user interactions, aiming to enhance team building and training activities
across distributed environments.

At EUR, two PoCs were developed under Use Case 2 (UC#2), highlighting the role of 6G in Industry 4.0 settings:

PoC#1 — Autonomous Robots in Industry (SPACE): This PoC showcases a mobile robot performing object
transportation tasks in a factory, coordinated through a central server over a 6G network. The setup highlights
the role of low-latency communications and edge/cloud intelligence in enabling autonomous, safe, and adaptive
robotic operations.

PoC#2 — AR Inspection using Digital Twins (SATWAYS): Aimed at remote equipment inspection, this PoC integrates
AR visualization and digital twin technology to support field personnel with remote expert guidance. This reduces
the need for physical presence of experts while maintaining operational efficiency and precision.

This deliverable outlines, for each PoC, the preparation work carried out prior to the trials, including the deployment
architecture, deployment and testing timeline, KPls target definition and KVIs elicitation.

© 6G-BRICKS 2023 Page |9




D6.3 Report on Infrastructure setup and readiness vertical tests BR ECKS

2 Introduction

The aim of this deliverable is to provide the complete infrastructure Setup of the 6G-BRICKS Experimentation facility and
the readiness of the vertical tests. This deliverable will thus serve as an input to D6.4 — “Report on vertical executions in
KUL testbed” and D6.5 — “Report on vertical execution in Eurecom testbed”, which will demonstrate and showcase the
the two UCs experimental scenarios at KUL and EUR testbeds.

After reviewing this document, the reader should be able to be informed about:
¢ the modules formulating the experimentation plane of the 6G facility;
e the overall status of the UC components for each PoC;
e the target KPIs which will be evaluated during the pilots;

e elicitation of the KVIs by providing complete templates for the descriptions of the exact procedure of how
each KVI will be evaluated

2.1  Mapping 6G-BRICKS Outputs

Purpose of this section is to map 6G-BRICKS Grant Agreement commitments as shown in Table 1, both within the formal
Deliverable Task description, against the project’s respective outputs and work performed.

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

6G-BRICKS .
GA Respective
6G-BRICKS GA Component Outline Document Justification
Component Chapter(s)
Title P
DELIVERABLE
Deliverable 6.3 - Report on Infrastructure setup and readiness vertical tests
TASKS
Task T6.1 - | Inthistask, the experimentation Section 3.1.2, 3.2.2 - | The first two Sections involve the
Infrastructure | platforms at KUL and EUR will be 6G Testbed KUL testbed’s infrastructure
setup and | prepared for the execution of the lab- Deployment considerations whereas the next
readiness for | scale trials. Considerations for two involve the EUR testbed’s
vertical tests UCH1 considerations.

Section 4.1.2,4.2.2 -

6G Testbed
Deployment
Considerations for
UC#H#2

This includes appropriately setting-up the | 3.1.3,3.2.3 - The first two Sections involve the
infrastructure, deploying sensors (e.g., XR KUL testbed’s UC component
cameras) and appropriately configuring status whereas the next two
devices as per the PoC requirements, thus
© 6G-BRICKS 2023 Page | 10
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ensuring their readiness for trials | 4.1.3,4.2.3 - involve the EUR testbed’s UC
execution. UCH2 Component component status.

Status
Moreover, this task will prepare the 3.1.2,3.2.2 The first two Sections involve the

overall planning as of the setup activities
for the deployment and testing and PoC
execution.

- Deployment and
Testing Plan for UC#1

4.1.2,4.2.2

-Deployment and
Testing Plan for UC#2

overall planning of activities
under UCH1, whereas the next
two Sections involve the
planning of activities for UCH#2.

Prepare the evaluation of the results,
including indications on the baseline
conditions (in terms of criteria for defining
the sample), relevant assumptions to be
considered (if any), workflow, checklists
and templates, reference/target KPIs and
KVIs to be met/benchmarked, and key

3.14,3.24

- Target KPIs for
Uct1

4.1.4,4.2.4 - Target
KPls for UCH2

3.1.5,3.25

Correspondingly, the first two
Sections involve the target KPls
and the complete templates for
KVIs for the PoCs under UC#1,
whereas the next two Sections
for the PoCs under UC#2.

roles and interactions
— Elicitation of KVIs

for UCH#1

4,1.5,4.2.5-
Elicitation of KVIs for
Uc#2

2.2 Deliverable Overview and Report Structure

Information in this deliverable is adequate to get the readiness status of the experimentation facilities and vertical tests.
Additionally, the target KPIs are clearly identified as well as the detailed templates of the KVIs under evaluation. In what
follows,

Section 3 contributes the overall readiness of the KUL Experimentation Platform. It introduces the overall concept and
objectives of the PoCs under UC#1. Furthermore, a description of the 6G deployment considerations and integration is
provided. In this Section a summarization of the status of the developed components is provided and a corresponding
testing plan leading to full demonstration readiness. Here, detailed Key Performance Indicators (KPIs) and Key Value
Indicators (KVIs) are defined , together with their measurement methodologies and relevance to the project’s objectives.
Overall, this Section captures both the technical maturity and the societal impact dimensions within UC#1.

Section 4 contributes the overall readiness of the EUR Experimentation Platform, respectively to Section 3.

Section 5 concludes the deliverable.

© 6G-BRICKS 2023 Page | 11
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2.3 KVI Evaluation Framework for 6G-BRICKS

Table 2 illustrates the KVI Framework template developed in the context of 6G-BRICKS in order to describe in detail the
definition of each KVI, in terms of: (i) Aim, (ii) Target Groups involved, (iii) associated Societal Impact, (iv) the Relevance
to the project and (v) finally the Objective and Subjective means of measurement for each indicator. This template is the
output of: (i) a collaborative effort between consortium partners and (ii) the experience gained through participation of
6G-BRICKS representatives at the relevant Working Groups such as Societal Needs and Value Creation SubGroup (SNVC
SG) while working with other SNS-JU projects. The relevant fields and their explanations are displayed in the following
table.

Table 2: KVI Evaluation Framework Template

KV Framework — <Indicator Name> — UCX-PoC#Y

Definition | A general definition of the KVI is given here, in terms of how the 6G technologies will impact
and support the societal needs.

Aim | Target benefit for the society in the context of each UC.

The relevant Stakeholders who will potentially evaluate the indicator will be identified in this

Target Groups
part.

Societal Impact | A general description of how the UC impacts society.

Relevance to 6G-BRICKS

How is 6G-BRICKS aligned with the particular KVis goals?

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective | Olx : An objective metric is a | An example could be measured incidents obtained from the logs.
measurement that is based on
observable, quantifiable data, not
on personal feelings, opinions, or
interpretations.

Subjective | A subjective  metric is a | Surveys or Questionnaires of relevant stakeholders.
measurement based on personal
opinions, perceptions, feelings, or
judgments rather than strictly
quantifiable data.

Why good evidence

Reasoning must be given here on why the UC serves the specific indicator.

Objective Measures

© 6G-BRICKS 2023 Page | 12
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Definition of the quantifiable means of measurement for the indicator.

Subjective Measures

Definition of the objective means of measurement for the indicator.

Survey Questions

If the Stakeholders are to be given questionnaires, the format of the questionnaires is provided here.

Subjective Measures Notes

This section is left for particular notes that the leaders of the UC may need to include details on challenges foreseen
during the handling of the questionnaires.

© 6G-BRICKS 2023 Page | 13
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3 KUL Experimentation Platform Readiness

The KUL Experimentation has been extended to support PoC#1 and PoC#2 demonstrations, where the holographic clients
are connected through the KUL testbed 6G radio infrastructure that includes the Cell-Free ORAN integration from ISW.

3.1 UC#1-PoC#1: Holoconferencing: Telepresence in a Broadcasting environment

This section provides a comprehensive overview of the UC#1-PoC#1: Holoconferencing — Telepresence in a Broadcasting
Environment, detailing the experimentation activities conducted within the KUL testbed. It outlines the technical,
operational, and evaluative aspects of the demonstration, from system architecture to performance validation.

3.1.1  Overview

PoC#1 of UC#1 demonstrates how holoconferencing technologies, supported by 6G networks and immersive media
solutions, can enhance telepresence within a broadcasting environment. The objective is to integrate holographic
communication into a virtual production workflow, enabling remote participants to appear and interact as 3D holograms
within a TV program. This approach enables new forms of remote collaboration and audience engagement, without the
logistical and budgetary constraints of traditional in-person production.

In this PoC, remote guests equipped with VR headsets are captured volumetrically. Their 3D representations are
transmitted over reliable, low latency 6G networks to a centralized processing unit (subject to the available 6G connection
endpoint at the target testbed), where they are reconstructed in real time. These holographic representations are then
seamlessly integrated into a virtual production environment powered by Brainstorm’s InfinitySet, a state-of-the-art tool
for real-time XR, virtual sets, and broadcast graphics. As shown in Figure 1 the system includes three main groups of actors:
HoloMIT clients, the audience, and the presenter. Each HoloMIT client is equipped with an RGB-D sensor that captures
the user’s volumetric video. These video streams are transmitted to the Holo Orchestrator, a cloud-based service that
manages session logic, synchronization, and stream allocation. Video data is routed through a Selective Forwarding Unit
(SFU), responsible for managing and optimizing stream distribution between clients, the production engine, and the
audience.
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Figure 1: UC#1-PoC#1 System Pipeline

The Holo Client + Streamer (BRAIN) receives video streams from the SFU and forwards them via NDI (Network Device
Interface) to InfinitySet, where they are composed into the virtual scene. In parallel, the Holo Client + Streamer (EKT)
handles rendering and streaming operations oriented towards the immersive VR experience for the audience, delivered
via the Distribution Engine deployed at the network edge. This setup ensures minimal latency for end users connected
through 6G access, maximizing the feeling of (co-)presence and immersion. InfinitySet acts as the core production hub,
combining volumetric inputs, green screen video capture of the host, real-time 3D graphics, and broadcast elements into
a virtual scenario. This integration enables remote participants to be visualized —by both the audience and them— as life-
sized, spatially accurate holograms in a virtual roundtable setting, interacting naturally with the host. The resulting
holoconference allows for immersive, real-time discussions between remote guests and the in-studio host, blending XR
technologies with traditional broadcast elements.

The experience is further enhanced by deploying 6G communications and distributed cell-free network technologies to
ensure low latency and high-speed data transfer, which are crucial for real-time interaction and synchronization. The
remote participants using VR headsets can view and interact with others around a virtual table in the scenario, while
feedback devices enable collaborative manipulation of shared 3D virtual objects.

This PoC showcases how holoconferencing can revolutionize the broadcasting industry, transforming remote
contributions into engaging, immersive segments that significantly enhance audience interest. By demonstrating this use
case, the project highlights the potential of immersive communications powered by next-generation networks to reshape
media production and consumption, making content more dynamic, flexible, and appealing to a broader audience.
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3.1.2 6G Testbed Deployment Considerations

The deployment architecture of the UC#1-PoC#1 Holoconferencing: Telepresence in a Broadcasting environment builds
on the integration between HoloMIT [2],[3], an immersive multi-user holographic communication system developed by
i2CAT, and InfinitySet, Brainstorm’s advanced virtual production engine. This architecture is designed to enable seamless
communication and holographic presence of remote users in a shared virtual space, while simultaneously embedding
them within a high-fidelity, broadcast-quality virtual TV production environment.

To support this integrated workflow, two specific applications have been developed: the Client Application, used by
HoloMIT participants to join the holoconference and select their visual representation; and the Streamer Application,
which acts as a bridge between InfinitySet and Unity.
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Figure 2. Deployment diagram for UC#1-PoC#1 in the KUL testbed

Figure 2 shows how the different UC components are deployed in the KUL testbed by their respective UC participants. The
6G link is deployed with the IS-wireless ORAN Cell-Free implementation and it is divided into three main units:

- The Radio Units (O-RUs):
Two O-RUs are deployed in this scenario. Each RU runs the Low-PHY and it is composed by an NI USRP x410 and a
local machine (PC) that is considered as a mini server. The USRP x410 is connected to the mini server over high-
speed optical cable. The USRP x410 radios are synchronized using a 10MHz reference clock, which is generated by
the PTP grandmaster and distributed via an NI Octoclock clock distributor. The PTP grandmaster generates its
clock using a GPS receiver. The multi-RU functionality is implemented with 2 RUs that are connected to a single
DU. Both RUs have the same PCl and center frequency, so they appear to the UEs as a single cell. The multi-RU
deployment provides wider coverage compared to the single RU setup.

- The CF distributed unit (O-DU):
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The CF DU runs the High-PHY layer on the Base Station Testbed server (HP ProLiant). It communicates with the
RUs over the fronthaul interface using PCI.

The central unit (O-CU):

The CU runs on the same physical server as the DU and communicates with the Core Network through standard
N2/N3 interfaces.

The Metaverse Services: The i2CAT Holo Orchestrator and SFU services are deployed at the KUL Edge server 1, as
show in the Figure 2. Service management is performed by the ICOM Cognitive Compute continuum solution, that
integrates the piEdge service with the xHaul solution.

The Holo clients (panellists and audience) are connected to the CF infrastructure, which interfaces with the edge servers.
Data is streamed wirelessly over a 6G link from a mobile phone (audience) or PC connected to a mobile phone (panellists)
to the RU, both mobile phones are equipped with the ISW SIM card that allows the connectivity to the 6G link. The data
is then forwarded from the CU through the core network to Edge Servers 1 and 2.

The hardware where each component of Figure 2 is deployed is included in Table 5. All components are interconnected
through the core network via a central switch.

The CF testbed also provides Key Performance Metrics (KPM) that allows the validation of KPI 06.3 (Improve the spectral
efficiency for the 5% worst users by a factor of 2 compared to the cellular case via the improved reliability of multi-band
processing and CF networking). Figure 3 shows a screenshot of the Grafana dashboard where the following metrics can
be seen:

DL Total PRB Usage: this measurement provides the total usage (in percentage) of PRB on the downlink

UL Total PRB Usage: this measurement provides the total usage (in percentage) of PRB on the uplink

Average DL data rate per UE: the throughput measured per UE in downlink direction

Average UL data rate per UE: the throughput measured per UE in uplink direction

DL Available PRB: this measurement provides the total number of PRBs in average available downlink (Average
per TTI)

UL Available PRB: this measurement provides the total number of PRBs in average available uplink (Average per
TTI)

DRB.UEThpDI @ RRU.PrbAvailDl @

g

RRU.PrbTotUl @ DRB.UEThpUI @ RRU.PrbAvailll @

Figure 3. KPMs exposition from KUL testbed

34
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This architecture components allows remote users to appear as volumetric holograms around a virtual roundtable,
interact with each other and the presenter in real time, and be visualized by the audience in both, immersive VR headsets
and broadcast TV outputs. It exemplifies a fully integrated pipeline where immersive telepresence meets professional-
grade virtual production, aligning technical requirements with user experience expectations across platforms and roles.

3.1.3 UC Components

The PoC#1 integrates several distributed components to enable real-time volumetric telepresence within a broadcasting
pipeline. These components are developed and managed by partners including i2CAT, BRAIN, and EKT. Together, they
support the capture, transmission, rendering, and broadcast of remote participants in holographic form. Table 3 below

reports the pipeline components status.

Table 3: UC#1-PoC#1 Components Status.

Component Component | Responsible | Cloud Native | Exposed ports (associated | Status /
Role (yes/no) - | component, protocol) Completion
Specify if it can Date
be deployed as a
container
VR-Ready laptops (with | Hardware i2CAT, No TCP websocket and APl | Done
GPU) BRAIN REST (configurable ports)
VR Headsets (Quest 2 & | Hardware i2CAT, No N/A Done
Quest 2) BRAIN, EKT
RGB-D Cameras for | Hardware i2CAT, BRA No N/A Done
volumetric cap
Mini-PC for | Hardware i2CAT No TCP websockets and APl | Done
Holographic Comm REST (configurable ports)
Server
Stereo Cam  with | Hardware BRAIN No NDI protocol (configurable | Done
tracking (IPAD) ports)
Portable Chroma Key Hardware BRAIN No N/A Done
Two smartphones Hardware KUL No Smartphones connected | Done
to the testbed, in
connection sharing, for
enabling VR headsets to
be connected to the
Distribution Engine, (see
Lightweight player for
audience)
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Two NI USRPs x410 Hardware KUL No Part of the low-PHY of the | Done
O-RU
Two PCs (mini servers) | Hardware KUL No The other part of the low- | Done

PHY of the O-RU (each one
is connected to one USRP
x410)

NI Octoclok Hardware KUL No Distributes the clock signal | Done
to the USRPs for
synchronization

PTP Grandmaster with | Hardware KUL No Provides the clock signal to | Done
GPS receiver the Octoclok

Base Station Testbed | Hardware KUL No O-DU and O-CU | Done
server (HP ProLiant) functionalities (IP address:

192.168.1.11)

Testbed controller | Hardware KUL No Runs the Holo | Done
server (HP Enterprise Horchestrator, Holo
Edge server) Comm server and
Prometheus (Edge server
1in Figure 2
Three PCs with an | Hardware KUL No Each PCruns: Done

NVIDIA RTX 4090 GPU e Edge Server 2:

Runs the
Distribution
Engine (EKT).

e Client PC (EKT):
Runs the EKT Holo
Native client.

e Client PC (BRAIN):
Runs the BRAIN
Holo Native client

and virtual

production

engine.
Holo Client SDK (with | Software i2CAT N/A N/A Done
single-sensor capture
setup) + 2D/VR
consumption
Holo Orchestrator + | Software i2CAT Yes TCP websockets and APl | Done (local or
Holo Comm Server REST (configurable ports) | cloud
(SFU) deployment,
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virtualization:
Docker or

Helm Chart)

Virtual Production | Software BRAIN No NDI protocol (configurable | Done

Engine (InfinitySet) ports)

Holo Client Str. Software BRAIN No NDI protocol (configurable | Done
ports), TCP websockets
and API REST (configurable
ports)

Holo Client Str. Software EKT No NDI protocol (configurable | Capturing
ports), TCP websockets | Unity scene
and API REST (configurable | and
ports), RTP for output to | streaming it
Distribution Engine to

Distribution
Engine: Done

Distribution Engine Software EKT Yes TCP websockets, REST API | Video
(configurable ports), RTP | Gateway in
(predefine port), HTTP for | Docker: Done
streaming video using HLS Video
protocol. Transcoder

GPU Hw
based
encoding:
Done

Lightweight player for | Software EKT No HTTP (using HLS protocol | Using video

audience to get access to video from | player of
the Distribution Engine). Internet

browser in
the VR
headset:
Done

VR Environment Software BRAIN No N/A Done
(Planning for
an improved
version).

Interaction to VR | Software BRAIN / | No TCP websockets and APl | Done

Environment i2CAT REST (configurable ports) | (Planning for

an improved
version).
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piEdge Software ICOM yes REST APIs Done

xHaul Hardware ICOM N/A Integrates with piEdge Done

The Holo Client SDK, developed by i2CAT, is already completed. It supports single-sensor volumetric video capture and
allows for both 2D and VR-based content consumption. The Holo Orchestrator and Communication Server (SFU) is also
complete and can be deployed in both local and cloud environments using containerization technologies such as Docker
or Helm charts.

On the production side, Brainstorm has finalized its own Holo Client Streamer and its integration with the virtual
production engine InfinitySet, ensuring seamless integration of volumetric streams into the virtual production workflow.

EKT has developed two main components: its version of the Holo Client Streamer and a Distribution Engine. The Holo
Client includes GPU-based video encoding for dealing with high images resolutions and low latency streaming, in
destination to the Distribution Engine. The Distribution Engine is completed: the Video Gateway is operational within a
Docker container, and GPU-based video transcoding in the Distribution Engine is operational. Additionally, to these two
main components, a Lightweight Player for audience-side playback as an alternative to using an HLS player in an Internet
browser, is currently under exploration, with the aim of achieving low latency streaming for the Audience

Finally, the VR environment designed by Brainstorm is functional and integrated, though an improved version is being
planned and developed. Additionally, the interaction layer with the VR environment—jointly handled by Brainstorm and
i2CAT—is also complete, with ongoing plans for enhancement to enrich user experience through more dynamic and
collaborative features.

3.1.4 Target KPIs

This section outlines the Key Performance Indicators (KPIs) defined to assess the technical performance and user impact
of the UC#1-PoC#1: Holoconferencing Telepresence in a Broadcasting environment. The KPIs cover both network-level
metrics—such as latency, bandwidth usage, and system resource consumption—and higher-level indicators related to
user experience, operational efficiency, and adoption potential.

Table 4 details each Ol along with its description, units of measurement, monitoring tools, and required metrics from the
testbed.

Table 4: UC#1-PoC#1 - Target KPls.

KPI Name Description Units of | Tools of | Required
Measurement | Measuremen | metrics
t
KPI1 End-to-end delay (ms) Time for data to travel from | Miliseconds Prometheus Timestamps
capture to rendering (ms)
KPI2 Transmission delay (s) Time spent on data transmission | Miliseconds (s) | Prometheus Timestamps

over the network.

KPI3 Improve the spectral | 2x improvement of 5th-percentile | bit/s/Hz  (per | KPMs Average
efficiency for the 5% | per-UE spectral efficiency (CF vs | UE) streamed DL/UL
worst users by a factor of | cellular). throughput
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2 compared to the from KUL | per UE;
cellular case via testbed DL/UL Total
the improved reliability PRB  Usage
. . (%); DL/UL
of multi-band processing ]
and CF networking Available
PRB; Total
DL
transport
blocks.
KPI14 | X-Haul end-to-end | End-to-end latency over the | Miliseconds Blackbox
latency mmWave link. The measured | (ms) Exporter,
latency includes the time for the Prometheus
packets to traverse the
embedded switch operating
system’s network stack until they
reach the application service, the
latency introduced by the
forwarding fabric, and the
propagation and  processing
delays of the mmWave link
connecting them.
3.1.5 Elicitation of KVIs

The KVIs considered during the experimentation activities carried out for PoC1 are listed and described in Table 5.

Table 5: KVIs considered for UC#1-PoC#1

KVI Name Description Measurement / Validation Method | Target (Ol)
D3-KV | Digital Inclusion Tech and platform Questionnaires to end-users (live | # Answers to
for under-served / demo) and to stakeholders (demo | questionnaires (Likert:
represented video) 4/5)
audiences
D4-KV | Trustworthiness Interaction with real- | Questionnaires to end-users (live | # Answers to
time captured demo) and to stakeholders (demo | questionnaires (Likert:
holograms, not video) 4/5)
avatars
I5-KV | Energy Efficiency Allows saving costs, Questionnaires to end-users (live | # Travels & kms saved /
travel, time... demo) and to stakeholders (demo | year
video)

3.1.5.1 Digital Inclusion KVI

© 6G-BRICKS 2023

Table 6: UC#1-PoC#1 - Digital Inclusion KVI.
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D3-KV Framework — Democracy — Digital Inclusion — UC1 PoC#1 Virtual TV Debate

Definition | The Digital Inclusion KVI is a measurable indicator that assesses the extent to which

6G-enabled Metaverse applications provide equitable access, participation, and
benefit to all users—regardless of socioeconomic status, geographical location, age,
ability, or digital literacy. It measures how effectively the metaverse reduces barriers
to connectivity, interaction, and digital agencies for underserved or marginalized
populations.

Aim

The aim of the Digital Inclusion KVI is to ensure that Metaverse does not become an
exclusive or stratified digital environment, but rather a platform for:

e Universal accessibility: Ensuring that all users, including those with
disabilities or low digital literacy, can navigate and interact with metaverse
applications through inclusive design.

e Affordable participation: Supporting business models and infrastructure
that enable low-income or rural users to access high-bandwidth XR
experiences.

e Geographical coverage: Guaranteeing that immersive services are not
limited to urban centers by leveraging 6G’s ubiquitous coverage and edge
computing.

e Digital empowerment: Promoting literacy, skills, and cultural competence
so that diverse user groups can actively engage, not just consume,
metaverse content.

e Closing gaps in representation and contribution: Allowing users from
diverse backgrounds to create, contribute, and influence content and
experiences within the metaverse.

Target Groups

End users (citizens including subjects limited by cognitive/motor impairment),
professional users (XR developers, XR service providers, organizations providing
Metaverse services...), stakeholders (telco operators, XR manufacturers)

Societal Impact

Building systems that bring value to society by means of bringing value to: (i) citizens;
(ii) network operators, industry players, and organizations providing Metaverse
services.

Relevance to 6G-BRICKS

Deploy technologies that serve the historically under-served populations.

KV Indicators - Methods of measurement — Target Values

Metric

Metric Evidence

Objective

OI14: Inclusive Access Coverage | Ol14: Subjective Feedback from different
(1AC) expertise levels.

0OI13: Adoption Rate (ADR)

© 6G-BRICKS 2023
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OI13: Subjective Feedback from different
expertise levels.

Subjective | Questionnaires on : # Survey for end-users
(i) Experience # Survey for professional users

(ii) Accessibility

Why good evidence

Because it demonstrates that the metaverse application can be accessed and meaningfully used by all target users,
regardless of their location, resources, or abilities, proving its real-world reach and equity.

Objective Measures

0114 - Inclusive Access Coverage (IAC)
Definition:

Percentage of users from underserved demographics (e.g., rural areas, low-income households,
elderly, people with disabilities) who can access and use metaverse applications under realistic
conditions.

Measurement Method:

e Surveys disaggregated by region, income level, age group, or accessibility needs.

Formula:
o % of Metaverse sessions successfully initiated with standard 6G access.
Thresholds:

A satisfaction index of 4 out of 5 or higher is considered acceptable.
0I113 - Adoption Rate (ADR)
Definition

Rate at which level participants want to employ an application/service for their professional/life
needs.

Measurement Method:

e Surveys confirm usefulness and usability of features.

Formula:

% of users satisfied with immersive experience (satisfied_users / total_users).

Thresholds:
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A satisfaction index of 3 out of 5 or higher is considered acceptable.

Subjective Measures

Users’ surveys from trials

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on digital inclusion.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence, togetherness)
4. Digital Inclusion Questionnaire (on KVIs and associated KPIs)

Digital Inclusion Questionnaire

A Metaverse platform like the one presented can guarantee equal opportunities to access services or information of
interest to consumers, regardless of their physical location, economic situation and ability to commute.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The system includes inclusive options for users with visible and non-visible disabilities (e.g., prosthetics, assistive
gestures, screen readers).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

A Metaverse platform like the one presented can contribute to mitigating the digital divide and increase the chances to
access services and information of interest.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| can access the Metaverse application using affordable and available devices.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The service works reliably in my geographic area (e.g., rural or remote location).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| do not need expensive or specialized hardware to participate meaningfully in the metaverse.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| find the Metaverse interface intuitive and easy to learn, even with limited technical skills.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agre e]

| received enough guidance or support to understand how to use the system.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The platform helps users with different levels of digital experience navigate the environment confidently.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
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Open Question: Do you have any other comment regarding the relevance of a Metaverse service like the one presented
in terms of ‘fairness’ or ‘digital inclusion’?

3.1.5.2 Trustworthiness KVI

Table 7: UC#1-PoC#1 - Trustworthiness KVI

D4-KV Framework — Democracy - Trustworthiness — UC#1-PoC#1 Virtual TV Debate

Definition

The Democracy — Trustworthiness KVI is a measurable indicator that estimates
the degree to which 6G technologies support democratic participation,
political equality, and institutional transparency. It reflects how trustworthy,
secure, and inclusive digital systems are in enabling citizens to access, engage
with, and influence political and administrative processes. This includes the
ability of 6G systems to preserve integrity, prevent external interference, and
foster confidence in digital governance tools.

Aim

To ensure that 6G technologies foster democratic values by enabling secure,
transparent, and inclusive participation in societal decision-making processes.
It seeks to guide the development of 6G infrastructure and services in ways
that uphold political equality, protect against misinformation and external
interference, and build public confidence in digital systems.

This KVI supports a human-centric 6G vision by:

e Ensuring that citizens can safely access and trust digital platforms used
in governance and public services.

e Promoting explainable and accountable Al that underpins automated
decisions affecting civic life.

e Strengthening institutional integrity by embedding safeguards like
privacy, auditability, and data control.

Ultimately, it provides a framework for validating whether 6G contributes to
more resilient, fair, and participatory democracies

Target Groups

End users (citizens), professional users (XR developers, XR service providers,
organizations providing Metaverse services...), stakeholders (telco operators,
XR manufacturers)

Societal Impact

Building systems that bring value to society by means of bringing value to: (i)
citizens; (ii) network operators, industry players, and organizations providing
Metaverse services.

Relevance to 6G-BRICKS
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Trustworthiness is relevant for 6GBRICKS because UCH1-PoC#1 involves real-time immersive interactions where
users must rely on the system’s security, privacy, and reliable performance to confidently engage and share
sensitive data without fear of misuse or malfunction.

KV Indicators - Methods of measurement — Target Values

Metric Metric Evidence

Objective | OI9: Reliability Score 0OI19 to be measured on the system, and provided as
numerical statistics and as graphs

0OI12: Feedback on usability and effectiveness from

Ol12: Stakeholder Satisfaction | . .
different expertise levels.

Rate (SSI)
Subjective | Questionnaires on: # Survey for end-users
(i) Experience # Survey for professional-users

(ii) Trustworthiness

Why good evidence

Trustworthiness is good evidence for UC#1-PoC#1 because it proves that the system can securely, reliably, and
transparently handle critical interactions, building user confidence in both the technology and its outcomes.

Objective Measures

019 — Reliability Score (RLS)
Definition:

Evaluates the Metaverse’s reliability in providing their target features in an effective and
accurate manner.

Goal:

To ensure the system's effectiveness and accuracy in real-world scenarios.

Measurement Method:

Analyze the percentage of features provided, and tasks completed successfully with
minimal interruptions or errors.

Formula:

Successful Tasks
Total Tasks

Reliability Score (%) = ( ) x 100
Thresholds:

A reliability score of 95% or higher is the target.
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0Ol112 - Stakeholder Satisfaction Index (SSl)
Definition:

Stakeholder Satisfaction Index (SSI): Valuates user satisfaction levels across different
expertise levels.

Goal:

To ensure the Metaverse service is perceived as valuable, effective and user-friendly.

Measurement Method:

Collect and average user ratings on factors like usability, accuracy, effectiveness and

relevance.
Formula:
) ] YN . Stakeholders Ratings
Stakeholder Satisfaction Index = -
Where:
N = Number of Stakeholders
i = Stakeholder rating
Thresholds:

A satisfaction index of 4 out of 5 or higher is considered acceptable.

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs.
The responses collected from the survey can provide valuable qualitative insights into the perceived value,
usability, and impact of the system on operational efficiency and collaboration.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence,
togetherness)

4. Trustworthiness Questionnaire (on KVIs and associated KPIs)

Trustworthiness Questionnaire

The Metaverse platform has been able to perform consistently and with satisfactory performance, providing
confidence in its usage

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The Metaverse platform has been able to identify the real people we were communicating and interacting with,
thus providing ‘trustworthiness’ and ‘reliability’ in its usage
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[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
Metaverse platforms shall be aligned with Ethical and Privacy aspects

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

I understand the privacy settings and policies of the Metaverse Platform | tested.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| feel confident that my personal data is securely transmitted and stored when using The Metaverse platform
services.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
| trust that The Metaverse Platform will work reliably even in critical situations (e.g., emergencies).
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Open Question: Do you have any other comment regarding the relevance of a Metaverse service like the one
presented in terms of ‘trustworthiness’?

3.1.5.3 Energy Efficiency KVI

Table 8: UC#1-PoC#1 - Energy Efficiency KVI

I15-KV Framework — Innovation — Energy Efficiency — UC#1-PoC#1 Virtual TV Debate

Definition | Evaluates the extent to which 6G-enabled metaverse applications minimize
energy consumption across devices, network infrastructure, and compute
resources—while maintaining performance and quality of experience. It
reflects the ability of immersive systems to deliver rich, persistent, and
distributed XR experiences with minimal environmental footprint. Reduced
energy consumption in the operation of the 6G system end-to-end as per
the long-term goals in mind for a sustainable and carbon-neutral world in
United Nations Sustainable Development Goals (UN SDGs) at 2030s.

Aim | The aim of the Energy Efficiency KVI is to ensure that the design,
deployment, and operation of 6G-powered metaverse services contribute
to a sustainable digital ecosystem by:

e Reducing the total energy per immersive interaction, including
data transport, rendering, and sensing.

e Promoting green-by-design architectures, such as low-power edge
computing and adaptive rendering.

e Encouraging lightweight user-side devices, reducing the need for
heavy processing on personal hardware.
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e Increasing system transparency, so users and providers can
understand and act upon energy consumption metrics.

Target Groups | End users (citizens), professional users (XR developers, XR service providers,
organizations providing Metaverse services...), stakeholders (telco
operators, XR manufacturers)

Societal Impact | Building systems that bring value to society by means of bringing value to:
(i) citizens; (ii) network operators, industry players, and organizations
providing Metaverse services.

Relevance to 6G-BRICKS

Energy Efficiency is crucial because immersive, real-time metaverse experiences require intensive computation,
high data throughput, and continuous connectivity. Efficient use of processing, networking, and rendering
resources reduces the environmental footprint while maintaining quality of experience. Demonstrating high
energy efficiency in the PoC validates that the solution is sustainable and suitable for widespread adoption.

KV Indicators - Methods of measurement — Target Values

Metric Metric Evidence

Objective | OI8: Resources Usage Load, including | OI8 to be measured on the system, and

CPU (%), GPU (%) and RAM (MB) provided as numerical statistics and as graphs.
Ol10: Operational Efficiency | O110 Estimations through surveys of: (i) time
Improvement (OElI) and cost saved due to the service offering

compared to traditional face-to-face methods.

OI11 Reduction in overall maintenance costs

Ol11: Cost Reduction Rate (CRR) (labor, resources, downtime)

Subjective | Questionnaires on: # Survey for end-users
(i) Experience # Survey for professional-users

(i) Energy efficiency

Why good evidence

The metaverse solution can deliver high-quality immersive experiences while minimizing power consumption,
proving its sustainability, scalability, and suitability for real-world, long-duration use.

Objective Measures

0OI8 — Resources Usage Load

Definition
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Resources Usage Load quantifies the proportion of available system resources—such as processing power,
memory, bandwidth, and energy—that are consumed during the operation of a metaverse application. It reflects
the intensity and efficiency of system resource utilization, relative to the functional outcome (e.g., session
duration, number of users, or visual fidelity).

Goal:

To ensure optimal usage of compute, network, and energy resources during metaverse
operation by:

1. Identifying overprovisioned or underutilized resources.

2. Promoting load balancing between edge, cloud, and user devices.

3. Guiding energy-aware system design and sustainability optimization.

Measurement Method:

The RUL indicator will be assessed through real-time monitoring or post-session analysis of:

1. Compute usage: CPU/GPU utilization (%) on user and edge/cloud nodes

2. Memory usage: RAM and VRAM occupancy relative to total available .

3. Network usage: Bandwidth (Mbps) used vs allocated per user/session.

4. Energy usage: Power draw (Watts) from device-level sensors or estimators.

Instruments:

1. OS-level telemetry (e.g., Windows/Linux performance counters)
2. Cloud/edge orchestration logs (e.g., Kubernetes)

Formula:
u used = Used resource amount (e.g., CPU cycles, memory GB, Mbps. watts)
u available = Total available resource amount
U used
RUL=|———) X100
U available
Thresholds:

Ideal load range:

1. CPU30-70 %
2. Memory 40-75%
3. Network 20-60%

0110 - Operational Efficiency Improvement (OEl)
Goal:
To quantify the efficiency gains achieved through Metaverse service offering.
Measurement Method:
Surveys confirm usefulness and usability of features.

Formula:
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% of users who satisfied with efficiency Improvement of the immersive experience.

Thresholds:

A satisfaction index of 3 out of 5 or higher is considered acceptable.

OI11 - Cost Reduction Rate (CRR)

Definition:

Cost Reduction Rate (CRR): Measures the percentage reduction in activity completion costs.
Goal:

To demonstrate the economic benefit of using the Metaverse.

Measurement Method:
As it highly depends on the target use case, ask for examples to end and professional users.
Formula:

Cost before — Cost After
Cost Before

Cost Reduction Rate = ( ) x 100

Thresholds:

At least 15% reduction in costs is desirable

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs.
The responses collected from the survey can provide valuable qualitative insights into the perceived value,
usability, and impact of the system on operational efficiency and collaboration.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence,
togetherness)

4. Energy Efficiency / Sustainability Questionnaire (on KVIs and associated KPIs)

Energy efficiency / Sustainability Questionnaire

A Metaverse service like the one presented is beneficial to reduce the number of travels to physical locations to
perform specific activities.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

A Metaverse platform like the one presented can guarantee the replicability, scalability and sustainability of
specific services (e.g., education, culture, tourism) compared to physical counterparts
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[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

An efficient usage of technologies (e.g., network infrastructure, computing infrastructure, end-users’ devices)
allows for interoperability and energy efficiency in services like the one presented

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Open Question: Do you have any other comment regarding the relevance of a Metaverse service like the one
presented in terms of ‘energy efficiency’ or ‘sustainability’?

3.2 UC#1-PoC#2 Multiuser Team Building Activities

This section provides a comprehensive overview of the UC#1-PoC#2: Multiuser Team Building Activities, detailing the
experimentation activities to be conducted within the KUL testbed. It outlines the technical, operational, and evaluative
aspects of the demonstration, from system architecture to performance validation.

Subsection 3.2.1 introduces the overall concept and objectives of the PoC, while 3.2.2 describes the deployment
considerations and integration of the 6G testbed infrastructure. Section 3.2.3 summarizes the developed components to
build this PoC, and 3.2.4 presents the deployment and testing plan leading to full demonstration readiness. The following
subsections—3.2.5 and 3.2.6—detail the defined KPIs and KVIs, together with their measurement methodologies and
relevance to the project’s objectives. Overall, this section captures both the technical maturity and the societal impact
dimensions of this PoC of the Collaborative Metaverse use case within the 6G-BRICKS project.

3.2.1 Overview

Similarly to PoC#1, PoC#2 of UC1 will also rely on immersive holographic communication and 6G technologies in order to
demonstrate their potential for enabling Metaverse-like services. In this context, independent groups of teleported users
will conduct collaborative team-building activities in shared sessions, while optimized in-cloud processing ensures team
isolation, enhances scalability, and reduces client-side requirements. PoC#2 includes a VR environment, composed of two
connected rooms, each one including a set of interactive and collaborative activities to be performed in teams (see Figure
4):

e Room A: It includes a table, with screens to interactively share and present media content (e.g., videos, slides
presentations). It also includes multiple distributed pieces to collaboratively assemble a 3D digital twin of an
object.

e Room B: It includes a wall with a board on which to share drawings / annotations, as well as some environment’s
elements to unlock certain gamified team missions.

Immersive technological components from PoC#2 are developed by i2CAT, with collaboration from Brainstorm in the
design and production of the virtual scenario.
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Figure 4: Conceptual Layout of of UC#1-PoC#2.

3.2.2 6G Testbed Deployment Considerations

As for PoC#1 of UC#1, PoC#2 also integrates diverse components of the HoloMIT platform by i2CAT but it incorporates
new specific innovations, which are depicted next:

Holographic communication Clients (i.e. Holo Clients): the Holo Clients will run on a desktop PC / laptop
with GPU capabilities connected to a VR headset (e.g., Meta Quest 3) as in PoC#1, but in PoC#2 they will
support volumetric capture setups with N RGB-D cameras (e.g., N=3 Orbbec Femto Bolt cameras) to
capture a full human-size volume of the participants in real time. In addition, the Holo Client application
has been evolved to be able to: (i) send and receive volumetric video streams with dynamic changing
quality (data rate) levels, based on the available resources and session’s dynamics; (ii) send and receive
interaction (meta-)data to participate in group-based collaborative experiences, in a synchronized
manner.

Holo Orchestrator: it is a Control Plane (CP) server component, deployed on the cloud or edge, which is in
charge of group-based session management, and it has been extended to incorporate resources
management capabilities when more than one communication, transcoding and/or content server are
involved in specific group-shared sessions

Holo Comm Servers: PoC#2 provides new state-of-the-art innovation for an optimized management of
cluster-based holographic communications via dynamic and strategic group formation, server selection
and activation of advance in-cloud transcoding features. It evolves from recent contributions based on
static monolithic instantiations of Multipoint Control Units (MCUs) [1] toward dynamic instantiation of
virtualized media functions on most the appropriate Edge / Cloud servers with the goal of maximizing
performance and minimizing resources usage, with the ability to isolate communications for different
logical and dynamic groups of clients (e.g., belonging to the same team, sharing the same geographical
area in the real or virtual environments...). The new modular and virtualized MCU component is based on
the extension of a traditional SFU component, as for PoC#1, with two new modules for: (i) exchanging and
analyzing position and viewport patterns from Holo Clients; (ii) transcoding the required volumetric video
streams from clients, based on their positions and viewport patterns (or also potentially, to the a logical
group they belong to).

With all such adopted and new components, it will be possible to allow the co-existence of independent teams of
holoported users, each conducting shared activities and being served by dedicated network and in-cloud resources, while
being connected to a shared collaborative Metaverse experience. Figure 5 provides an overview of the deployment
architecture and key building blocks for UC#1-PoC#2.
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Figure 5: Deployment diagram for UC#1-PoC#2 in the KUL testbed.

3.2.3 UC Components

The PoC#2 integrates several distributed components to enable real-time volumetric telepresence within a broadcasting
pipeline. Table 9 extends Table 3 with the new or extended components from UCH#1-PoC#1 to build UCH#1-PoC#2.

Table 9: UC#1-PoC#2 Components Status.

Component Responsible Status / Completion Date

Holo Client SDK (with multi-sensor capture | i2CAT Done
setup, rate adaptation and multimodal
interaction capabilities) + 2D/VR
consumption

Lightweight headless web client (only used | i2CAT Done
to ease testing)

UP Cloud / Edge Servers (SFU (Media and | i2CAT Done (local or cloud deployment, virtualization:
Events Managers), Positions and Viewport Docker or Helm Chart)

Managers)

UP Cloud / Edge Servers (Transcoding) i2CAT Done

VR Environment i2CAT Done

Group-based Human-to-Human and | i2CAT Done

Human-to-Environment Interaction
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On the client side, the Holo Client SDK developed by i2CAT has been extended to support multi-sensor volumetric video
capture and for both 2D and VR-based content consumption. It also incorporates two new features to enable: (i) in-sync
multi-user multimodal interaction; and (ii) dynamic rate adaptation. A new lightweight web-based headless client has
been also developed to ease scalability and remote testing, without requiring GPU-enabled client PCs.

On the server side, the Holo Orchestrator has been extended to incorporate a new Resource Manager module, which is
able to allocate and indicate to clients their specific Edge / Cloud servers to manage media communication, processing
and interaction features. Likewise, the smart SFU component interfacing in-cloud transcoding components (i.e., the new
modular MCU) is already ready for the project’s validation activities.

3.2.4 Target KPIs

This section outlines the KPIs defined to assess the technical performance and impact on user experience of UC#1-PoCH#2.
The KPIs are aligned to those envisaged for UCH#1-PoC#1 and cover both XR service-related metrics—such as latency and
bandwidth usage— but incorporate new metrics related to Edge Computing like the transcoding delays. As for UCH#1-
PoC#1, higher-level indicators related to user experience and operational efficiency are considered, but those are omitted
due to full alignment with the ones indicated for UCH#1-PoC#1.

Table 10 list the extra service-level KPIs that are considered in UC#1-PoC#2 in addition to those indicated for UCH#1-PoC#1.

Table 10: UC#1-PoC#2 - Target KPIs

KPI Name Description Units of | Tools of | Required metrics
Measurement | Measurement

KPI1 | Encoding/decoding | Time taken for | Milliseconds Prometheus Timestamps

delay (s) encoding on | (s)
sender side,
decoding on

receiver side, or
performing  the
transcoding
process on the
server side.

KPI2 | fps (frames / s), | Frame rate at | Frames per | Prometheus Timestamps
including captured | which video is | second (fps)

fps and | captured,

received/rendered | transmitted,

fps transcoded and
rendered.

KPI3 | Downlink Amount of | Megabits per | Prometheus Bandwidth probes
Bandwidth (Mbps) | bandwidth second (Mbps)
per stream / per | consumed by each
client client for downlink

video data
consumption, with
or without

transcoding
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3.2.5 Elicitation of KVIs

The KVIs considered during the experimentation activities carried out for PoC#2 are listed and described in Table 11.

Table 11: KVIs considered for UC#1-PoC#2

KVI Name Description Measurement / Validation Method | Target (KPI)
D2-KVI Fairness Equal opportunities | Questionnaires to end-users (live | # Answers to
to access info, | demo) and to stakeholders (demo | questionnaires (Likert:
events, services video) 4/5)
E4-KVI Open How collaboration is | Questionnaires to end-users (live | # Answers to
Collaboration improved within | demo) and to stakeholders (demo | questionnaires (Likert:
geographically video) 4/5)
distributed
stakeholders and
party
11-KVI Safety Questionnaires to end-users (live | # Answers to
demo) and to stakeholders (demo | questionnaires (Likert:
video) 4/5)

3.2.5.1 Fairness KVI

Table 12: UC#1-PoC#2 - Fairness KVI

D2- KV Framework — Democracy - Fairness — UC#1 Metaverse, including PoC1 Virtual TV Debate and PoC2 Virtual
Team activities

Definition | Fairness in 6G-enabled metaverse applications refers to the measurable extent to which users
experience equal access, treatment, and opportunity in immersive digital environments, free
from bias, discrimination, or unjust outcomes caused by systems, interfaces, or social
dynamics. It encompasses algorithmic transparency, accessibility, non-discrimination in
avatars and interactions, and inclusion across socio-demographic backgrounds.

Aim | The aim of the Fairness KVI is to ensure that 6G-enabled metaverse environments are inclusive,
equitable, and just by design, empowering all users regardless of their identity, ability, or
location. Specifically, it seeks to:

e Prevent digital exclusion through equitable access to devices, bandwidth, and
interfaces for all user groups.

e Ensure algorithmic fairness, so that Al-driven content moderation, avatars, or
behaviour prediction do not reproduce or amplify societal bias.

e Foster inclusive representation of gender, race, culture, and identity in avatars,
interactions, and personalization features.

e Empower agency and autonomy, giving users equal voice and control in collaborative
or democratic processes within metaverse spaces.

e Enable adaptive accessibility, so that people with disabilities can participate
meaningfully via multimodal interfaces and assistive XR tech.
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Target Groups | End users (citizens), professional users (XR developers, XR service providers, organizations
providing Metaverse services...), stakeholders (telco operators, XR manufacturers)

Societal Impact | Building systems that bring value to society by means of bringing value to: (i) citizens; (ii)
network operators, industry players, and organizations providing Metaverse services.

Relevance to 6G-BRICKS

Fairness is essential to ensure that all users in the metaverse environment have equal access to features, visibility, and
opportunities to participate. It prevents bias in Al-driven functions such as moderation, matchmaking, or content
recommendation. Fairness supports inclusivity by allowing diverse identities, cultures, and abilities to be authentically
represented. It fosters trust and engagement, as users feel valued and respected regardless of their background or
resources. Demonstrating fairness in UC1 validates that the platform promotes equitable digital experiences aligned
with societal and ethical standards.

KV Indicators - Methods of measurement — Target Values

Metric Metric Evidence

Objective | Ol1: Representation Equity Index | Ol1: Feedback on usability and effectiveness from end users.

(REI)

Subjective | Questionnaires on: # Survey for end-users
(i) Experience # Survey for professional-users
(ii) Fairness

Why good evidence

It demonstrates that the platform treats all users equitably, avoids bias, and ensures inclusive participation, proving
the metaverse experience is socially responsible and trustworthy for diverse audiences.

Objective Measures

OIl1 — Representation Equity Index (REI)
Definition:

Measures the extent to which users of diverse genders, ethnicities, and abilities are equitably represented in holograms,
roles, and participation across the Metaverse platform.

Goal:

e Percentage of holographic avatars that offer inclusive gender, skin tone, ability, and
cultural features.

e Distribution of user roles (e.g., moderators, speakers, leaders) by demographic group.
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Measurement Method:

% of users from minority groups reports satisfaction with their representation options.

Thresholds:

A satisfaction index above 80% is considered acceptable.

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence, togetherness)
4. Fairness Questionnaire (on KVIs and associated KPIs)

Fairness Questionnaire

All users have the same access to tools, features, and functions within the environment.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Participation in collaborative activities is equally open to all, regardless of background or role.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Opportunities for leadership or high-visibility roles are distributed without favoritism.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| find that the avatar and interface options reflect a wide variety of users, not just a narrow ideal.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| feel the platform developers have considered diverse user needs in how avatars and environments are designed.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Users with diverse appearances and identities are treated fairly and respectfully in virtual interactions.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| have not felt that my appearance or identity limited my ability to participate or be visible in group activities.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| see people like me represented in leadership or high-visibility roles within the metaverse environment.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
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3.2.5.2 Open Collaborations KVI

Table 13: UC#1-PoC#2 - Open Collaboration KVI

E4-KV Framework — Ecosystem — Open Collaboration — UC#1-PoC#2 Collaborative TeamWork

Definition | The Open Collaboration Key Value Indicator (KVI) is a measurable indicator that assesses how
effectively 6G-enabled platforms support inclusive, participatory, and equitable co-creation of
knowledge, experiences, and services among diverse stakeholders’ individuals, communities,
institutions, and machines.

It reflects users’ ability to interact, create, share, and influence outcomes collectively in real
time, across distributed, immersive, and often asynchronous environments.

Aim | The aim of the Open Collaboration KVI is to ensure that 6G-based metaverse and extended
reality applications foster democratic, inclusive, and creative forms of participation. This
involves:

e Empowering users to co-create content, environments, and services collaboratively
within immersive digital spaces.

e Lowering technical and social barriers to collaboration, so diverse users can
meaningfully contribute regardless of skill level or location.

e Facilitating interoperability and openness across platforms, roles, and collaboration
across boundaries seamless and scalable.

Target Groups | End users (citizens), professional users (XR developers, XR service providers, organizations
providing Metaverse services...), stakeholders (telco operators, XR manufacturers)

Societal Impact | Building systems that bring value to society by means of bringing value to: (i) citizens; (ii)
network operators, industry players, and organizations providing Metaverse services.

Relevance to 6G-BRICKS

Open Collaboration is vital to enable seamless co-creation and knowledge sharing between participants in immersive
environments. It ensures that users can work together in real time, regardless of location, device, or technical expertise.
Open Collaboration fosters innovation by combining diverse perspectives and skills within shared virtual spaces. It
promotes transparency and shared ownership of outcomes, increasing engagement and trust among participants.
Demonstrating strong open collaboration in UC#1 proves the platform’s capacity to support inclusive, distributed
teamwork at scale.

KV Indicators - Methods of measurement — Target Values

Metric Metric Evidence

Objective | OI2: Co-Creation Participation Rate | OI2: Results from questionnaires and interviews with participants
(CCPR)
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Subjective | Questionnaires on: # Survey for end-users
(i) Experience # Survey for professional-users

(ii) Open Collaborations

Why good evidence

Open Collaboration is good evidence for UCH#1 because it shows that the platform can effectively support inclusive,
real-time teamwork and co-creation, proving its capability to connect diverse participants and generate shared value
in immersive environments.

Objective Measures

0I2 - Co-Creation Participation Rate (CCPR)
Definition

Percentage of users actively engaged in collaborative content creation, decision-making, or shared
experiences within a metaverse application.

Measurement Method:

e System logs tracking users who initiate or contribute to co-creation tools (e.g., shared
whiteboards, 3D modeling spaces, script editing).
e Number of unique contributors per collaborative session.

Formula:
% of active users who (can) participate in co-creation tasks during testing session.
Thresholds:

At least 50% active participant users.

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence, togetherness)
4. Open Collaborations Questionnaire (on KVIs and associated KPIs)

Open Collaborations Questionnaire
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The Metaverse application enables meaningful collaboration between diverse stakeholders (e.g. public institutions,
private companies, researchers, creatives).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
The platform simplifies communication and coordination among partners in different locations.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Using this Metaverse service has made it easier to initiate or sustain multi-party collaborations (e.g. joint pilots, co-
design sessions, live events).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The service encourages openness and transparency in project development (e.g. shared assets, documentation, co-
ownership).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
This platform helps reduce barriers to participation for smaller or less-resourced organizations in collaborative efforts.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

Collaboration via the Metaverse platform is more effective than traditional physical or digital alternatives (e.g. Zoom,
emails, in-person meetings).

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

3.2.5.3 Safety KVI

Table 14: UC#1-PoC#2 - Safety KVI

11-KV Framework — Innovation - Safety — UC#1 Metaverse, including PoC1 Virtual TV Debate and PoC2 Virtual Team
activities

Definition | The Safety KVI is a measurable indicator that evaluates how 6G-enabled metaverse
applications enhance the physical and psychological safety of users across immersive, remote,
and mixed-reality environments. It assesses the ability of the system to prevent, detect, and
mitigate harm in real time—whether it arises from malfunction, overload, human error, or
digital threats in extended-reality spaces.

Aim | The aim of the Safety KVI in the context of the metaverse is to ensure that 6G-powered
immersive and remote applications are designed and deployed in a way that guarantees user
safety and wellbeing across virtual and physical boundaries. This includes:

e Human-Digital Interaction Safety. Prevent physical injuries, psychological discomfort,
or disorientation during immersive experiences (e.g., XR fatigue, haptics malfunction,
sensory overload).

e QOperational Continuity and Resilience. Guarantee ultra-reliable communication for
time-critical use cases (e.g., remote surgery assistance, collaborative industrial
cobots).

e Edge Security for Personal Presence. Protect users’ identity, body movement data,
emotional cues, and biometric signals from misuse during live metaverse sessions.
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Target Groups | End users (citizens), professional users (XR developers, XR service providers, organizations
providing Metaverse services...), stakeholders (telco operators, XR manufacturers)

Societal Impact | Building systems that bring value to society by means of bringing value to: (i) citizens; (ii)
network operators, industry players, and organizations providing Metaverse services.

Relevance to 6G-BRICKS

Safety is essential to protect users from physical, digital, and psychological harm while engaging in immersive
interactions. It ensures that the system can detect and respond quickly to hazards, technical failures, or malicious
activities. Safety mechanisms build user confidence, enabling participation in critical or high-stakes metaverse scenarios.
It includes safeguards for data privacy, secure communication, and the prevention of misuse of avatars or biometric
information. Demonstrating strong safety in UC1 validates the platform’s readiness for reliable and responsible real-
world deployment.

KV Indicators - Methods of measurement — Target Values

Metric Metric Evidence

Objective | OI3: Reliability Score OI3 to be measured on the system, and provided as numerical

Ol4: Percentage of Safe Immersive statistics and as graphs

Sessions (PSIS) 0Ol4: Feedback on safety from different expertise levels.
Subjective | Questionnaires on: # Survey for end-users

(i) Experience # Survey for professional-users

(ii) Safety

Why good evidence

Safety is good evidence for UC#1 because it proves that the platform can reliably protect users and their data in
immersive interactions, ensuring trust, usability, and readiness for deployment in real-world, high-stakes scenarios.

Objective Measures

OI3 - Reliability Score (RLS)
Definition:

Reliability Score (RLS): Evaluates the Metaverse’s reliability in providing their target features in
an effective and accurate manner.

Goal:

To ensure the system's effectiveness and accuracy in real-world scenarios.

Measurement Method:
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Analyze the percentage of features provided, and tasks completed successfully with minimal
interruptions or errors.

Formula:

Successful Tasks
Total Tasks

Reliability Score (%) = ( ) x 100
Thresholds:

A reliability score of 95% or higher is the target.

0Ol4 - Percentage of Safe Immersive Sessions (PSIS)

Definition:
Percentage of metaverse user sessions in which no safety-critical incident (e.g., application crash,
loss of balance due to latency, unresponsiveness, biometric data loss) occurred during normal
operation.

Goal:

Provides a holistic indicator of the overall reliability and safety of the immersive application during
real-world use.

Measurement Method:

e Count the total number of immersive sessions over a given period.
e Record sessions with one or more logged safety incidents (as per predefined safety
criteria).

Formula:

Total Sessions — Sessions with safety incidents>

PSIS = (
Total sessions

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Metaverse PoCs. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

Survey: Questionnaires to be Administered

1. Consent Form

2. Demographic & Background Info Questionnaire

3. Standard Questionnaire on the Metaverse experience (quality of interaction, presence, togetherness)
4. Safety Questionnaire (on KVIs and associated KPIs)

Safety Questionnaire
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| feel physically safe when using immersive 6G applications (e.g., VR/AR headsets, haptics).
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| trust that the system will prevent situations that could cause me physical discomfort or injury.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The virtual environment reacts quickly enough to avoid collisions or unsafe actions.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| can comfortably perform tasks without fear of falling, tripping, or becoming disoriented.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| trust that the metaverse application will alert me if something goes wrong (e.g., tracking failure, device overheating).
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| believe the system is able to detect and prevent dangerous situations in real time.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| have never experienced an unexpected failure that made me feel unsafe.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

| feel confident that 6G connectivity ensures stable and responsive performance during use.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The reliability and robustness of the Metaverse service (including the XR platform and underlying network
infrastructure) is important to guarantee safety

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The availability of a Metaverse service like the one presented is beneficial to avoid risks related to travelling or to access
critical infrastructures

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]
| feel emotionally safe when engaging with others in the metaverse environment.
[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

The availability of a Metaverse service like the one presented is beneficial to avoid risks related to harming the
environment (e.g., due to carbon footprint, to damage real infrastructures when operating them...)

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

A Metaverse service like the one presented is beneficial for training purposes in tasks that may entail risks to perform
in real environments.

[Totally Disagree; Partially Disagree; Neutral; Partially Agree; Totally Agree]

© 6G-BRICKS 2023 Page | 45




D6.3 Report on Infrastructure setup and readiness vertical tests BR .CKS

4 EUR Experimentation Platform

The EUR Experimentation Platform offers a full stack testing infrastructure for advanced 6G technology trials in real
industrial contexts. This section describes some UCs designed and executed in the platform, with the description of
technical settings, deployment decisions, referring to corresponding PoCs. Each use case (UC#2-PoC#1 and UC#2-PoC#2)
will demonstrate various aspects of innovation enabled by 6G, focusing on robotic systems, augmented reality applications
and industrial automation.

4.1 UC#2-PoC#1: Autonomous robots in Industry 4.0

The UCH2-PoC#1 is related to autonomous mobile robots in a smart factory use-case environment. The use case also shows
how a 6G infrastructure can be used to realize low-latency, high-reliability communication needed for safe and
autonomous navigation. The main concept and the technical motivation of this PoC are presented in the next subsection.

4.1.1  Overview

The UCH#2-PoC#1 demonstrates how 6G technology can support autonomous robots in an Industry 4.0 setting. The goal of
this PoC is to show how 6G enables low-latency, reliable communication for robots performing industrial tasks. The
autonomous robot in this case navigates within a factory environment, moving objects between two designated positions
based on requests received from a central server. Figure 6 below visualizes the operational flow of the PoC, showcasing
the autonomous robot navigating the factory floor, exchanging data with the central server via a 6G network, and
responding to instructions in real time within a smart Industry 4.0 setup.

This UC highlights the value of 6G-enabled edge/cloud integration and network intelligence in enabling autonomous
robotic operation in dynamic environments. By combining real-time data processing, object recognition, and simultaneous
localization and mapping (SLAM), the system demonstrates how a mobile robot can operate safely and efficiently in a
smart factory.

UC: Autonomous Factory Robot

6G Connectivity
RIS Control Server
6GgNB
Autonomous
Factory Robot
6G Connectivity

Figure 6: Conceptual representation of UC#2-PoC#1 scenario

This UC highlights the value of 6G-enabled edge/cloud integration and network intelligence in enabling autonomous
robotic operation in dynamic environments. By combining real-time data processing, object recognition, and simultaneous
localization and mapping (SLAM), the system demonstrates how a mobile robot can operate safely and efficiently in a
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smart factory. In particular, the ability of the 6G infrastructure to adapt in both Line-of-Sight (LOS) and Non-Line-of-Sight
(NLOS) conditions, supported by Reconfigurable Intelligent Surfaces (RIS) ensures robust connectivity even in
environments with high obstacle density. Furthermore, the integration of edge computing allows computationally
intensive tasks to be offloaded from the robot, minimizing onboard load while maintaining near real-time responsiveness.
This PoC serves as a foundational step toward validating key technological enablers of future industrial automation, where
distributed intelligence, high-precision wireless control, and autonomous agents coexist in a tightly orchestrated
production ecosystem

4.1.2 6G Testbed Deployment Considerations

The deployment architecture of UC#2-PoC#1 is designed to validate the feasibility of 6G-based robotic autonomy in an
industrial environment. This architecture integrates robotic systems, network infrastructure, edge/cloud processing, and
a centralized control platform into a cohesive operational pipeline. It is specifically engineered to demonstrate ultra-low-
latency and high-reliability communication under both line-of-sight (LOS) and non-line-of-sight (NLOS) conditions.

6G-BRICKS Experimentation layer
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Figure 7: Overview of UC#2-PoC#1 architecture with 6G-enabled autonomous robot operation.

The diagram in Figure 7 illustrates the flow of data, tasks, and communication among key components of the deployment
architecture:

e The Turtlebot 4 is equipped with a Raspberry Pi, a LIDAR sensor for mapping and obstacle detection, and a camera
for object recognition. It operates using ROS for navigation and interacts in real-time with other elements in the
system.

e A 6G gNB handles dynamic wireless communication. The system utilizes RIS to maintain signal reflection in NLOS
conditions, ensuring uninterrupted connectivity, as shown in Figure 8.

e A RIS Control xApp running on the RAN Intelligent Controller (FLEXRIC) dynamically configures the RIS via E2
interface, enabling beam steering and reflection management in NLOS situations.
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e The Control Center visualizes the robot’s status and movement via RViz and dispatches commands via a task

Figure 8: 6G Testbed Deployment Considerations of UC#2-PoC#1 scenario

management interface.

e Edge/Cloud servers, managed through the Create@3 platform, offload compute-heavy tasks such as SLAM and

real-time analytics.

e Therobot collects and sends sensor data, which is processed in the edge/cloud layer and used for decision-making,

while the Control Center monitors all activities in real time.

This architecture provides a modular and scalable framework that supports the dynamic, low-latency requirements of
industrial robotics. It highlights the potential of 6G networks to handle complex orchestration tasks while enabling safe

and autonomous robot behavior in smart manufacturing environments.

4.1.3 UC Components

This section outlines the current status of the key components and technologies deployed in UC#2-PoC#1, all of which
have been successfully integrated to enable autonomous robotic navigation and coordination in an Industry 4.0 context.
Table 15 summarises the core components of the UCH2-PoC#1 deployment, indicating the responsible parties and the

integration status or completion date for each element.

Table 15: UC#2-PoC#1 Components Status.

Component

Responsible

Status / Completion Date

Robot (Turtlebot 4)

SPACE

Done
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Autonomous Controller SPACE Done
Create@3 Orchestration Platform SPACE Done
Control Center SPACE Done

Key Components and Technologies

¢ Robot Platform:
The Turtlebot 4 robot is equipped with a Raspberry Pi unit for onboard processing, a camera for visual object
recognition, and a LiDAR sensor for mapping and obstacle detection.

e Autonomous controller
It autonomously navigates between designated points (A and B) based on instructions from the Control Center.
Create3 Orchestration Software
e A cloud-based orchestration platform (e.g., Create@3) manages edge computing workloads.

e Tasks such as SLAM and heavy object detection are offloaded to edge servers to optimize the robot’s onboard
performance.

e The processed results are sent back via the 6G infrastructure, allowing the robot to act in near real-time.
Control Center

e The Control Center supervises the robot using interfaces such as RViz.

e Real-time data logs and task execution updates are monitored.

e A task management system coordinates instructions and synchronizes the actions of the robot with the global
execution plan.

All hardware and software components have been successfully integrated and are operational under both LOS and NLOS
scenarios. The communication architecture ensures resilient and real-time data exchange, while edge/cloud offloading
and network intelligence allows the robot to operate with minimal latency and high reliability.

4.1.4 Target KPIs

To validate the technical effectiveness of the UC#2—-PoC#1 scenario, a set of KPIs has been defined, targeting core network
capabilities that directly influence the robot’s ability to operate safely, autonomously, and in real time. These KPIs are
aligned with the overarching objectives of WP6, particularly focusing on the benefits of using RIS and mmWave
technologies. Specifically, KPIs such as latency, connectivity reliability, and SLA violation reduction are used to assess
deterministic behavior in both LOS and NLOS conditions, as well as system robustness under mobility and interference.
The selected KPIs are summarized in Table 16 along with their descriptions, target thresholds, measurement tools, and
required metrics for evaluation.

Table 16: UC#2-PoC#1 - Target KPIs

KPI Name Description Units of | Tools of | Required metrics
Measurement Measurement
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KPI1 Connection Reduction of | % reduction in | Connectivity logs, | Disconnection
Reliability mmWave disconnection RIS controller logs, | count
connection breaks | events robot movement | (with/without
caused by logs RIS), movement
obstacles and traces, RSSI
robot mobility, trends, packet
supported by RIS loss and
reflection throughput
results from
ping/iperf tests
KPI2 SLA Violation | Reduction of SLA | % SLA violation | Network Number of SLA
Reduction violationsin indoor | reduction performance logs, | violations
(eMBB) eMBB scenarios by QoS monitors (with/without
combining RIS and RIS), throughput,
mmWave latency, jitter logs
KPI3 Control Measure the delay | milliseconds EUR  monitoring | From testbed
Channel of data transfer system
Latency
KP14 Packet Error | Measure the ratio | % error rate EUR  monitoring | Number of
Rate of incorrectly system, ping/iperf | lost/corrupted
received packets tools packets, total
over the total transmitted
number of packets, packet
transmitted retransmissions
packets
KPI5 Coverage Measure the RSRP | dbm EUR  monitoring | From testbed
of the cell system

These KPIs serve as critical benchmarks to determine whether the UCH#2-PoC#1 deployment satisfies the demanding
requirements of autonomous robotic operation in Industry 4.0 environments. In particular, demonstrating low-latency
communication, high connectivity continuity, and reduced SLA violations through RIS and mmWave integration ensures
that the system not only performs technically, but also meets key service-level expectations. As such, these metrics
provide both a quantitative and qualitative foundation for validating the added value of 6G technologies in supporting
real-time, resilient, and intelligent robotic workflows.

4.1.5 Elicitation of KVIs

Beyond performance metrics such as latency and reliability, the 6G-BRICKS framework emphasizes the importance of
qualitative KVIs, which reflect broader dimensions like inclusion, trust, safety, and security. In the context of UCH2-PoC#1,
these KVIs help assess not only how well the system performs technically, but also how effectively it aligns with human-
centric values and operational resilience expected in Industry 4.0 environments. In the context of UCH2-PoC#1, a dedicated
set of KVIs has been identified as particularly relevant to the objectives of the use case. Table 17 below provides a brief
overview of these KVIs, while detailed descriptions and measurement methodologies are presented in the corresponding

subsections.
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Table 17: KVIs considered for UC#2-PoC#1

KVI Name Description

D3-KV Digital Inclusion Ensure consistent access and processing of sensor data across
all system components and users, especially under high-load or
dynamic conditions.

D4-KV Trustworthiness Guarantee accurate reflection of the robot’s sensory data and
motion state, ensuring trust in system behavior and decision-
making.

11-KV Safety Prevent harm to humans and the environment by detecting
failures and minimizing operational risks during unexpected
conditions.

12-KV Security Protect system communication from interference, message
loss, and cyberattacks, ensuring robust and stable operations.

The KVIs presented not only quantify the non-functional attributes of the system but also serve as guiding principles for
continuous refinement. By incorporating measurable aspects of inclusion, trust, safety, and security, the UC#2-PoC#1
scenario ensures that the deployment of 6G-enabled robotics is not only technically sound but also aligned with societal
and ethical expectations of Industry 4.0 environments.

4.1.5.1 Digital Inclusion KVI

Table 18: UC#2-PoC#1 - Digital Inclusion KVI.

D3-KV Framework — Democracy — Digital Inclusion — UC2-PoC#1 Autonomous Robots

Definition | Digital Inclusion in Autonomous Robots refers to ensuring seamless and equitable access to
robotic system functionalities, preventing data loss, and maintaining system effectiveness
regardless of user expertise or environmental conditions.

Aim | To assess and improve the inclusivity of autonomous robots by analyzing message queue
efficiency, impact on SLAM accuracy, and ensuring data accessibility across various user
groups.

e Factory workers operating robotic systems

Target Groups )
e Engineers and system developers

Societal Impact | Enhancing digital inclusion in robotics enables broader workforce accessibility, reduces
operational inefficiencies, and ensures that autonomous systems remain robust and effective
for diverse users, fostering technological equality in industrial automation.

Relevance to 6G-BRICKS
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Digital inclusion aligns with 6G-BRICKS by ensuring that networked autonomous robots maintain reliable
communication, prevent data loss, and function optimally under varying connectivity and user skill conditions,
ultimately enabling equitable adoption.

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective | Ol1: Message Queue Efficiency | Tracks percentage of operations completed without message
(MQE) gueue overflow, ensuring consistent system performance.

OI2: SLAM Data Retention Rate | Measures the proportion of data packets successfully processed

(SDR) by SLAM to maintain accurate navigation.
OI13: Network Responsiveness | Assesses system ability to process real-time commands with
Score (NRS) minimal delay, ensuring smooth operation.

Subjective | Digital Inclusion Feedback Surveys from factory operators on the accessibility and usability

of robotic navigation systems and SLAM functionality.

Why good evidence

Monitoring message queue efficiency, SLAM data retention, and network responsiveness ensures reliable robot
operation, reducing delays and data loss while enhancing navigation accuracy and real-time system effectiveness.

Objective Measures

1. Ol1 - Message Queue Efficiency (MQE)
1.1Definition:
Measures the percentage of message queue utilization without reaching full capacity, ensuring
smooth data processing and communication.

1.2 Goal:

Optimize message handling efficiency to prevent queue overflow and minimize data loss.

1.3 Measurement Method:
e Monitor the number of dropped messages in the queue.
e Track queue utilization percentage over time.
e Logevents where the queue reaches full capacity.

1.4 Formula:

Total Messages—Dropped Messages

MQE = X 100
( )

1.5 Thresholds:

Total Messages

Green: > 95% efficiency (Optimal performance)
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Yellow: 85% - 94% (Moderate performance, minor message loss)
Red: < 85% (Unacceptable, significant data loss)
2. 0I2 - SLAM Data Retention Rate (SDR)
2.1Definition:
Measures the percentage of successfully processed SLAM data packets to ensure accurate and
reliable map generation and navigation.

2.2 Goal:

Maintain a high SLAM data retention rate to improve mapping accuracy and obstacle detection.

2.3 Measurement Method:

e Compare the number of SLAM data packets received vs. successfully processed.
e Log dropped or corrupted SLAM messages in real-time.
2.4 Formula:

Processed SLAM Data
Total SLAM Data

SDR = ( ) x 100

2.5 Thresholds:

Green: 2 98% retention (Accurate mapping)
Yellow: 90% - 97% (Moderate accuracy, occasional mapping errors)
Red: < 90% (Unacceptable, navigation severely impacted)

3. OI3 - Network Responsiveness Score (NRS)
3.1Definition:

Assesses the robot’s ability to process and respond to commands in real-time under varying
network conditions, ensuring low-latency operations.

3.2 Goal:

Ensure timely execution of commands with minimal delay for uninterrupted robotic operations.

3.3 Measurement Method:

e Measure round-trip time (RTT) between command transmission and execution feedback.
e Track latency variations under different network conditions.
3.4 Formula:

Total Commands Executed Within Acceptable Latency

NRS = X 100
( )

Total Commands
3.5 Thresholds:
Green: £ 10ms latency (Real-time execution)
Yellow: 11ms - 20ms latency (Acceptable, minor delays)

Red: > 20ms latency (Unacceptable, significant lag in responses)

© 6G-BRICKS 2023 Page |53




D6.3 Report on Infrastructure setup and readiness vertical tests BR ECKS

Subjective Measures

Surveys and feedback from factory workers and robotics engineers on how well the system prevents message drops,
maintains accurate SLAM, and supports real-time network responsiveness.

Survey Questions

Section 1: Queue Full Status

1. How often do you observe the message queue reaching full capacity during robotic operations?

(Rarely, Occasionally, Frequently)

o Rarely
o Occasionally
o Frequently

2. What level of impact does a full queue have on the robot’s ability to process data and respond to network
commands?

(Scale: 1 - No Impact, 3 - Significant Impact)

1. No Impact
2. Moderate Impact
3. Significant Impact

3. Do you think the current message handling system adequately ensures inclusivity by preventing data loss
from key components like RPLIDAR?

(Yes/No) - If No, what improvements would you suggest?

o Yes
o No

Section 2: Impact on SLAM

4. How significant is the effect of dropped messages on map accuracy and robot navigation in real-time
scenarios?

(Scale: 1 - Not Significant, 3 - Very Significant)

1. Not Significant
2. Moderately Significant
3. Very Significant

5. Do you think the SLAM system is inclusive and accessible enough for factory workers with varying technical
skills to operate efficiently?

(Yes/No) - If No, what areas could be improved?
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O

O

O

Yes

No

Section 3: General Feedback

6. What additional features or parameters should be monitored to ensure better data handling and inclusivity in
autonomous robotic systems?

(Open-ended)

Subjective Measures Notes

Ensuring inclusivity in autonomous robots involves addressing queue management, data retention, and command
response efficiency. User feedback helps refine system accessibility and reliability, making autonomous robotics more
adaptable for diverse industrial environments.

4.1.5.2 Trustworthiness KVI

Table 19: UC#2-PoC#1 - Trustworthiness KVI

D4 - KV Framework - Democracy - Trustworthiness — UC2-PoC#1 Autonomous Robots

Definition | Measures the system’s ability to securely and reliably handle sensor positioning and
orientation data for precise movement in dynamic environments.
Aim | Ensure that autonomous robots operate with high reliability and trust by maintaining accurate
positional data, preventing navigation errors, and securing sensor data integrity.
Target Groups e Robotics engineers and developers

e Factory workers and supervisors

Societal Impact

Enhancing trust in autonomous robots improves safety and efficiency in industrial operations,
reduces human intervention in hazardous environments, and ensures seamless adoption of
autonomous robotic solutions.

Relevance to 6G-BRICKS

Trustworthiness is crucial for 6G-powered autonomous robots in Industry 4.0, as it ensures real-time, error-free data
processing. By leveraging 6G-enabled secure communication, this use case enhances the accuracy of sensor data and
minimizes navigation failures.

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective | Ol1: Sensor Position Accuracy | Measures the deviation of actual vs. expected sensor positioning
(SPA) to ensure precise robot navigation.
0I2: Data Integrity Rate (DIR) Evaluates the percentage of sensor data successfully transmitted

and received without corruption or tampering.
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OI3: Navigation Trust Score (NTS) | Assesses stakeholder confidence in the robot’s ability to navigate
accurately based on its sensor data.

Subjective | Trustworthiness Feedback Conduct surveys with operators, engineers, and supervisors to
assess their trust in the robot's navigation and data integrity.

Why good evidence

The measurement methods ensure that real-time tracking of positional accuracy, sensor reliability, and data security
are quantifiable. Using system logs and expert feedback, trustworthiness can be continuously monitored and improved.

Objective Measures

OI1 - Sensor Position Accuracy (SPA)
Definition:

Measures the deviation between the actual and expected sensor position data.

Goal:

Ensure accurate positional tracking to minimize navigation errors.
Measurement Method:

e Analyze deviation logs for sensor positioning.

e Track consistency between expected and actual robot movement.
Formula:

Expected Position—Actual Position
SPA = ( P ) x 100

Expected Position

Thresholds:

Green: < 5% deviation (Highly accurate)
Yellow: 6% - 10% deviation (Moderate accuracy)
Red: > 10% deviation (Unacceptable, risk of failure)

0OI12 — Data Integrity Rate (DIR)
Definition:

Measures the percentage of sensor data successfully received and processed without corruption.

Goal:

Ensure that all transmitted sensor data is accurate and unaltered.

Measurement Method:
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e Compare logged data values before and after transmission.
e Identify inconsistencies in real-time monitoring logs.
Formula:

Valid Data Packets
Total Data Packets

DIR = X 100
( )

Thresholds:

Green: 2 99% integrity (Highly secure and reliable)
Yellow: 95% - 98% integrity (Moderate security, minor discrepancies)
Red: < 95% integrity (Unacceptable, risk of data corruption)

OI3 — Navigation Trust Score (NTS)

Definition:
Assesses the confidence of stakeholders in the robot’s ability to navigate accurately.

Goal:

Ensure reliable navigation through continuous system monitoring and stakeholder feedback.

Measurement Method:

e Conduct periodic trust surveys among factory operators and robotics engineers.
e Analyze movement deviation trends in system logs.
Formula:

NTS =

Positive Survey Responses
( y Resp ) X 100

Total Survey Responses

Thresholds:

Green: 2 90% trust level (High confidence)
Yellow: 80% - 89% trust level (Moderate confidence)

Red: < 80% trust level (Low confidence, requires improvements)

Subjective Measures

Conduct surveys with operators, engineers, and supervisors to assess their trust in the robot's navigation and data
integrity.

Survey Questions

Section 1: System Reliability

1. How important is the accurate monitoring of sensor position and orientation (e.g., wheel_drop_right) for
ensuring reliable robot movement?

(Scale: 1 - Not Important, 3 — Very Important)

1. Not Important
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2. Slightly Important
3. Very Important

2. Have you ever observed discrepancies in the robot's movements due to incorrect sensor alignment or
positioning data?

(Yes/No) - If Yes, please describe the impact of such discrepancies.

o Yes
o No

Section 2: System Security

3. Do you trust the current system's ability to securely and accurately handle positional and orientation data for
navigation in dynamic environments?

(Scale: 1 - No Trust, 3 — High Trust)

1. No Trust
2. Moderate Trust
3. High Trust

4. What is your level of confidence in the system’s ability to maintain data integrity (e.g., preventing errors or
tampering) related to sensor measurements like translation and rotation?

(Scale: 1 - Very Low, 3 - High)

1. Low
2. Moderate
3. High

Section 3: General Feedback

5. What additional measures would you recommend to improve trust in the system's handling of sensor data for
precise movement and spatial awareness?

o (Open-ended)

Subjective Measures Notes

The survey collects qualitative insights on reliability concerns, sensor alignment discrepancies, and trust in data security,
contributing to an overall trustworthiness assessment.

4.1.5.3 Safety KVI

Table 20: UC#2-PoC#1 - Safety KVI

KV Framework — Innovation — Safety — UC2-PoC#1 Autonomous Robots
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Definition | 6G systems should demonstrate their commercial benefit in Industry 4.0 by enhancing safety,
efficiency, and reliability in autonomous robot operations. This PoC explores the use of 6G to
ensure low-latency communication

Aim | The PoC aims to validate how 6G technology can:

e Improve operational efficiency by reducing latency and ensuring continuous
connectivity.

e Reduce safety risks by monitoring connection integrity and node status in robotic
operations.

e Ensure high system reliability, addressing safety-critical disconnections in an
industrial setting.

e Industrial Operators & Manufacturers (for robotic safety monitoring).

e Technology Developers (to optimize connectivity solutions for autonomous robots).

Target Groups

Societal Impact | This use case enhances worker safety by minimizing incidents from communication failures,
improves operational efficiency through optimized robotic movements, and ensures reliability
by maintaining 99% connectivity uptime with RIS, even in NLOS conditions.

Relevance to 6G-BRICKS

The Safety in Autonomous Robots questionnaire directly aligns with 6G-BRICKS by ensuring real-time monitoring of
connectivity, node status, and disconnection events, which are critical for safe and uninterrupted robotic operations.
By leveraging 6G technology, the system minimizes communication failures, enhances operational safety, and prevents
downtime due to unexpected disconnections, ensuring reliable and secure robot navigation in industrial environments.

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective | Ol1: Safety Incident Reduction (SIR) | Number of safety-related incidents due to communication

OI2: Connection Stability Rate failures, tracked via incident logs.

(CSR) Percentage of time the robot maintains a stable connection,

0I3: Safety Downtime Rate (SDR) ensuring uninterrupted operation.

Total duration of downtime caused by safety-critical
disconnections, measured through console logs.

Subjective | Autonomous Robot Safety | Survey of operators and stakeholders regarding the effectiveness
Feedback of safety monitoring (e.g., connection stability, client state
tracking).

Why good evidence

The selected evidence ensures objective and measurable safety assessment by tracking incident logs, connection
stability, node activity, and downtime caused by disconnections. These metrics provide quantifiable insights into system
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reliability and failure recovery, while stakeholder feedback surveys validate the effectiveness of safety mechanisms in
real-world scenarios.

Objective Measures

OI1 - Safety Incident Reduction (SIR)
Definition:

Measures the reduction in safety-related incidents caused by communication failures in
autonomous robots.

Goal:

Ensure a decline in the number of reported safety incidents through enhanced monitoring and
robust connectivity solutions.

Measurement Method:

Compare incident logs before and after the implementation of 6G connectivity, RIS-assisted NLOS
solutions, and improved lifecycle management.

Formula:

Incidents Before—Incidents After

SIR = ( ) X 100

Incidents Before
Thresholds:
Green (Optimal): 2 30% reduction in incidents
Yellow (Acceptable): 15% - 29% reduction
Red (Failure): < 15% reduction

0OI2 - Connection Stability Rate (CSR)
Definition:

Measures the percentage of time the robot remains connected to the network without critical
disruptions.

Goal:

Ensure uninterrupted connectivity even in NLOS conditions through RIS-assisted beamforming and
6G networks.

Measurement Method:

Track network logs and disconnection events, calculating the uptime percentage.
Formula:

Total Connected Time

CSR = X 100
( )

Total Operational Time

Thresholds:

Green (Optimal): 2 99% uptime
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Yellow (Acceptable): 95% - 98% uptime
Red (Failure): < 95% uptime
OI3 - Safety Downtime Rate (SDR)
Definition:

Measures the total downtime due to safety-related disconnections, affecting robot operations.

Goal:

Minimize safety-related downtime through robust connectivity solutions, real-time monitoring,
and predictive failure detection.

Measurement Method:

Analyze console logs and track time lost due to safety-critical disconnections.
Formula:

Total Safety Downtime

SDR = ( ) x 100

Total Operation Time

Thresholds:

Green (Optimal): £ 1% downtime
Yellow (Acceptable): 2% - 5% downtime

Red (Failure): > 5% downtime

Subjective Measures

Operator-reported safety risks due to connectivity failures. Feedback on the effectiveness of real-time connection
tracking.

Survey Questions

Section 1: Connection and Destruction Parameter

1. How important is it to monitor the establishment and destruction of the robot’s connection to the lifecycle
manager for ensuring safety during operations?

(Scale: 1 - Not Important, 3 — Very Important)

1. Not Important
2. Slightly Important
3. Very Important

2. Have you observed any significant safety risks (e.g., communication failures) due to frequent connection
disruptions in robotic operations?

(Yes/No) - If Yes, please provide specific examples.

o Yes
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o No

Section 2: Client State and Node Status Parameter

3. How critical is it to monitor the state of the client and ensure all nodes are active during navigation bring-up
for avoiding safety incidents?

(Scale: 1 - Not Critical, 3 - Very Critical)

1. Not Critical
2. Slightly Critical
3. Very Critical

4. Based on your experience, how often do node failures (e.g., controller server issues) lead to operational
safety concerns in autonomous robots?

(Rarely, Occasionally, Frequently)

o Rarely
o Occasionally
o Frequently

Section 3: Safety-Related Disconnections

5. How effectively do you think downtime caused by safety-critical disconnections is tracked and analyzed in
current robotics systems?

(Scale: 1 - Ineffective, 3 — Very Effective)

1. Ineffective
2. Slightly Effective
3. Very Effective

6. What measures do you suggest to improve the monitoring of safety-related disconnections in autonomous
robotic systems?

o (Open-ended)

Section 4: General Feedback

7. Do you feel the parameters analyzed from the console logs (e.g., connection/destruction, client state) provide
sufficient insights to ensure safety in autonomous robots?

(Yes/No) - If No, what additional parameters or methods would you recommend?

o Yes

o No

Subjective Measures Notes
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The subjective measures ensure that operators’ real-world experiences validate the safety-related Ols. Collecting
structured feedback from robotics engineers, factory workers, and system administrators provides insights into safety
concerns, system effectiveness, and potential areas for improvement.

4.1.5.4 Security KVI

Table 21: UC#2-PoC#1 - Security KVI.

KV Framework — Innovation — Security — UC#2-PoC#1 Autonomous Robots

Definition | Security in autonomous robots focuses on ensuring resilience against cyber threats,
unauthorized access, and data integrity breaches. It involves robust authentication,
encryption, and real-time monitoring to safeguard the operational environment.

Aim | To enhance the security framework of autonomous robotic systems by minimizing
unauthorized access, mitigating cyber threats, and ensuring reliable data protection and
system integrity.

e Industrial robotics engineers

Target Groups
e Factory operators and IT managers

Societal Impact | Enhancing security in autonomous robots ensures trust in automation, preventing cyber
threats that could lead to financial loss, operational downtime, and compromised worker
safety.

Relevance to 6G-BRICKS

This questionnaire evaluates the role of secure communication, intrusion detection, and authentication in autonomous
robotic operations, ensuring alignment with 6G-BRICKS' goal of secure, resilient, and scalable 6G-enabled industrial
automation.

KV Indicators - Methods of measurement

Measurement Approach:

e Monitoring system logs to detect unauthorized access attempts and security incidents.
e Analyzing network activity for anomalies related to cyberattacks.
e Surveying system administrators on the effectiveness of current security mechanisms.

Key Data Points:

e Frequency of security incidents (logs)
e System response time to security threats
e Effectiveness of encryption and authentication methods

Metric Metric Evidence

Objective | OI1: Security Incident Reduction | Reduction in unauthorized access, data leaks, and cyber
(SIR) intrusions tracked via incident reports.

0I2: System Integrity Rate (SIR) Number of successful security transactions without unauthorized
modifications or breaches.
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OI3: Security Response Efficiency | System's ability to detect, respond, and mitigate cyber threats,
(SRE) measured through log data.

Subjective | Autonomous  Robot  Security | Surveying operators and security specialists on the perceived
Feedback effectiveness of security mechanisms, including encryption,
authentication, and intrusion detection.

Why good evidence

The security Ols relies on real-time system logs, anomaly detection, and cybersecurity monitoring, ensuring
quantifiable, reliable, and continuous data to assess and improve security in autonomous robots.

Objective Measures

OI1 - Security Incident Reduction (SIR)

Definition:

Measures the number of security-related incidents reported due to unauthorized access, data
leaks, or control takeovers.

Goal:

Reduce the occurrence of security breaches in robotic systems.

Measurement Method:

Incident logs tracking unauthorized access attempts, breach reports, and attack mitigations.

Formula:

Reported Security IncidentsBef—Reported Security IncidentsAfter

SIR = ( ) x 100

Reported Security Incidents Before

Thresholds:

Target at least a 30% reduction in reported security incidents.
0I2 — System Integrity Rate (SIR)
Definition:

Evaluates how often the system maintains integrity without unauthorized modifications or data
corruption.

Goal:

Maintain a high level of system security with minimal breaches.

Measurement Method:

e Monitoring unauthorized access attempts.
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e Tracking data modification logs.
e Validating encryption success rate.
Formula:

Total Secure Transactions

SIR = X 100
( )

Total Transactions

Thresholds:

Aim for 2 95% system integrity.

OI3 - Security Response Efficiency (SRE)

Definition:
Goal:

Measurement Method:

e Time taken to detect and respond to threats.
e Logs of incident resolution times.

Formula:
Average Time Taken to Mitigate Threat
SRE = (%272 nto Mitig ) x 100
Total Security Incidents
Thresholds:

Reduce incident response time by 25% compared to baseline.

Improve response speed and effectiveness of cybersecurity protocols.

Measures the system’s ability to detect and respond to security threats in real time.

Subjective Measures

encryption, authentication, and intrusion detection.

Surveying operators and security specialists on the perceived effectiveness of security mechanisms, including

Survey Questions

Section 1: Incident Reporting & Security Awareness

control takeover) while using the TurtleBot?

(Yes/No) - If Yes, please describe the incident briefly.

o Yes

o No

occur during TurtleBot operations?

(Rarely, Occasionally, Frequently)

1. Have you experienced or observed any security-related incidents (e.g., unauthorized access, data leaks,

2. How often do security-related issues (e.g., network attacks, data corruption, unauthorized control access)
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o Rarely
o Occasionally
o Frequently

Section 2: System Security Monitoring & Trust

3. How confident are you in the TurtleBot’s ability to prevent security threats and unauthorized access?

(Scale: 1 - Not Trust, 3 — High Trust)

1. No Trust
2. Moderate Trust
3. High Trust

4. How effective are the current security mechanisms (e.g., encryption, authentication, firewall protections) in
preventing unauthorized access to the TurtleBot system?

(Scale: 1 - Ineffective, 3 - Very Effective)

1. Ineffective
2. Moderately Effective
3. Very Effective

Section 3: Stakeholder Involvement in Security Improvements

5. Do you believe that additional security features (e.g., multi-factor authentication, real-time monitoring,
intrusion detection) should be integrated into the TurtleBot system?

(Yes/No) - If Yes, which security feature would you prioritize? (Open-ended)

o Yes

o No

Subjective Measures Notes

Stakeholder feedback will be collected through questionnaires and group discussions, focusing on real-world security
challenges, system vulnerabilities, and trust levels in autonomous robotic operations.

4.2 UC#2-PoC#2: AR inspection of Industry 4.0 digital twin on site

4.2.1 Overview

In this proof-of-concept, the goal is to provide a means for assisting inspections and maintenance of equipment on the
factory floor without having the need for skilled experts to be physically located there. To accomplish this, the PoC makes
use of digital-twin functionality to bring the factory floor to the expert and vice versa to bring the expert to the factory
floor to assist the field personnel. Both sites have a continuous link (data and video) whereby the field personnel can
report to the expert the status of the equipment and ask for assistance from the expert who is situated far away. The
expert understands the equipment and can aid knowing the current state of the equipment provided by the digital twin.
The expert can walk the field personnel through the maintenance procedure or troubleshooting a problem in the factory.
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Messages, files, video and audio are transmitted between the expert and the personnel on the factory floor. The
conceptual layout of UCH2-PoC#2 is depicted in Figure 9 which highlights the remote digital-twin functionality.

Remote Expert
Collaboration

Field Techiician
(On-Site)

AR Glasses

Industrial Machine

Figure 9: Conceptual Layout of UC#2-PoC#2

4.2.2 6G Testbed Deployment Considerations

The architecture for this PoC makes use of the EUR Experimentation Platform and the data flows are depicted in the
diagram below (blue and purple).
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6G BRICKS Platform

‘ 6G BRICKS portal

RIS control xApp

RAN Intelligent

Controller

=) ")

e
AN

Euu AR Glasses ( N

nuu (Android Native) ROUTER UE gNB Core Network —)
nuu Ethernst usec

nu - J

nuEcTEe OPENAIR, ~ OPENAIR
& — o o
MikroTik

ARTEMIS
WEB Server

2
Request - Response

HTTP / WebRTC)

Request - Response
(HTTP / WebRTC)

Cloud

6G BRICKS EUROCOM Testbed

ARTEMIS Workstation -
Expert

Figure 10: Deployment Architecture for UC#2-PoC#2

In Figure 10 the following components are depicted which are integrated into the EUR Experimentation Platform:

gNB
Router — This is a common COTS hardware

© 6G-BRICKS 2023

UC Components — The components (ARTEMIS) specific to the execution of the UC
UE - This consists of a Quectel RG530F EVB 5G Modem, as shown in Figure 11
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Figure 11: Quectel RG530F EVB 5G Modem with UC tablet

e Radio Unit (RU) and RIS: RU provides mmWave access network, and RIS reflects signal in NLOS conditions, as
shown in Figure 12.

Figure 12: 6G Testbed Deployment Considerations.
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4.2.3 UC Components

All the ARTEMIS components have been developed and the main aim until the vertical tests is to ensure we can capture
KPI metrics (field personnel and expert locations) and process the results. These include:

e ARTEMIS Tablet (for Field Personnel) — Figure 13 illustrates an Android-tablet which runs the ARTEMIS Mobile
application and provides the user-interface for the field personnel. It is connected to a router via Ethernet. The
main page of the mobile application is depicted in Figure 13.

&)

ARtemis Project 0

=w: ARTEMIS

ARtemis Ecosystem”

& Em®
. a
® F]

ARtemis™
{-/satwags

BRECKS

Figure 13: ARTEMIS mobile application

e ARTEMIS Workstation (for Experts) — This is a typical PC which uses a web browser for the interactions with the
ARTEMIS solution, as it can be seen in Figure 14. It is connected directly to a UE via USB-C cable.

<w: [GITEMIS

‘Content Management System

Figure 14: ARTEMIS Workstation - User-interface
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e ARTEMIS Server — This is main server of the ARTEMIS Solution. It consists of the following components:
o STUN/TURN Server — This server handles the WEBRTC calls and ensures parties in the conversation can

communicate between each other

Web Server - This server hosts the web application which the workstation communicates and the mobile application.

The factory equipment that will be used as the test subject is the Electrical Control Panel built and is shown below in Figure

15. It is a unit which can be powered, and the switches are functional.

4.2.4 Target KPIs

Figure 15: Electrical Control Panel

In Table 22 several KPIs have been identified which will be used to assess the effectiveness of the underlying networking

structure.
Table 22: UC#2 -PoC#2 - Target KPIs
KPI Name Description Units of | Tools of Measurement Required metrics
Measurement

Smooth visual | Measure the | Frames per | Metrics embedded inside | Metrics not

experience system's ability to | second the solution which report | required from the
deliver a smooth on the frames per second testbed
visual experience

Real-time Data Delivery | Measure the | Seconds Metrics embedded inside | Metrics not
system's ability to the solution which report | required from the
deliver  real-time on the latency testbed
data to managers
and supervisors

Latency Measure the delay | milliseconds EUR monitoring system From testbed

of data transfer
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Coverage Measure the RSRP | dbm EUR monitoring system From testbed
of the cell

Bandwidth Measure the | Gigabits  per | EUR monitoring system From testbed
bandwidth second
provided

4.2.5 Elicitation of KVIs

In the context of the PoC under consideration, a specific set of KVIs has been identified as the most relevant. A brief
description is provided in Table 23 below, with further details available in the comprehensive explanation provided in the
corresponding subsections.

Table 23: KVIs considered for UC#2-PoC#2

KVI Name Description

E2-KV Business Value Business Value is beneficial for operational efficiency, cost reduction, and
revenue generation. Digital Twin addresses the challenges lying in multiple
levels of complexity (say, maintenance activities) at the industrial sector,
while coordinating a multidisciplinary set of experts like technicians,
engineers and industry experts, to maximize its impact in innovation, cost
reduction and revenue all together.

E3-KV Economic Growth Economic Growth is beneficial as Digital Twin adaptation is expected to
contribute to the overall development and scaling of the industry due to
increased productivity, cost reductions, new jobs creation and industry
innovation promotion.

E5-KV New Value Chain The New Value Chain Indicator is considered to create collaborative
ecosystems, that can revolutionize traditional supply chains by integrating
stakeholders from diverse vertical industries. Digital Twin of this Use case is
an innovative solution that opens new revenue streams. New partnerships
can be established in sectors like oil and gas, telecommunications, and
constructions where interdepended and joined processes are required.

4.2.5.1 Business Value KVI

Table 24: UC#2-Po(#2 - Business Value KVI

E2-KV Framework - Ecosystem - Business Value - UCH#2 - PoC#2 — Digital Twin

Definition 6G systems should demonstrate their commercial benefit for vertical industries and telco
operators
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Aim Demonstration that 6G systems provide a real commercial value to vertical industries and
services of the future. Furthermore, quantification of the (macro)economic value of 6G-
leveraged business ecosystems need to be considered.

Target Groups Citizens, telco operators, industry players

Societal Impact Building systems that bring value to society by means of bringing value to operators and industry
players which invest in new technologies and citizens.

Relevance to 6G-BRICKS

Business Value is beneficial for operational efficiency, cost reduction, and revenue generation. Digital Twin addresses
the challenges lying in multiple levels of complexity (say, maintenance activities) at the industrial sector, while
coordinating a multidisciplinary set of experts like technicians, engineers and industry experts, to maximize its impact
in innovation, cost reduction and revenue all together. Digital Twin creates new opportunities for various stakeholders,
as it demonstrates the resulting economic benefits.

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective OI1: Operational Efficiency Improvement (OEl) | Time saved during innovative maintenance
activities compared to traditional methods.

Feedback on usability and effectiveness from

OI2: Stakeholder Satisfaction Rate (SSI) ) .
different expertise levels.

Subjective Digital Twin System Feedback Survey Survey of users regarding different features that
support dependability of a service.

Why good evidence

By focusing on these measurement processes and Objective Indicators (Ols), the Business Value KVI for the digital twin
can be rigorously analyzed to demonstrate its relevance, scalability, and impact. The methods ensure the alignment of
business value with practical outcomes, while the Objective Indicators (Ols) provide actionable insights for stakeholders.

Objective Measures

OI1 — Operational Efficiency Improvement (OEIl)
Definition:

Measures the improvement from both task completion times and error rates when
using the digital twin.

Goal:

To quantify the efficiency gains achieved through digital twin deployment.
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Measurement Method:

Compare average task completion times and error rates before and after digital twin
implementation. [See Survey Q1]

Formula:
Time me
2 Error Before — ErrorA ter
Oper. Efficiency Improvement = — X 100
Before
Error
Thresholds:

Minimum 20% improvement in efficiency.
0I2 - Stakeholder Satisfaction Index (SSl)
Definition:
Valuates user satisfaction levels across different expertise levels.
Goal:
To ensure the digital twin is perceived as valuable and user-friendly.
Measurement Method:
Collect and average user ratings on factors like usability, accuracy, and relevance. [See survey Q2]

Formula:

N | Stakeholders Ratings
Stakeholder Satisfaction Index = —

n
Where:
N = Number of Stakeholders
i = Stakeholder rating
Thresholds:

A satisfaction index of 4 out of 5 or higher is considered acceptable.

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Digital Twin system. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

Survey Questions

Completion of General Information of Participant to the Questionnaire — Name, Surname, Job Title, Years of
Experience working with Digital Twin

1. Perceived Value

o On a scale of 1 to 5, how would you rate the overall value of the Digital Twin system in improving
operational efficiency and decision-making?
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o) o) o) o) o
1 2 3 4 5
Score Low ! High

o In what specific ways could the Digital Twin system add value to your daily work or tasks?

o How has the Digital Twin system could potentially contribute to cost reduction or revenue generation
within your area of responsibility?

2. Usability and User Experience

o How would you rate the ease of use and user-friendliness of the Digital Twin system?

o o o) o) o
1 2 3 4 5

Score Very Difficult ! Very Easy to
to Use Use

o What are the most user-friendly aspects of the Digital Twin system?

o Are there any specific features or functionalities of the system that you find challenging or difficult to
use?

3. Impact on Collaboration

o Do you anticipate the Digital Twin system to facilitate collaboration and knowledge sharing among
different teams or departments?
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Yes No

O O provide details below

o In what ways has the system could potentially improve communication and collaboration among
multidisciplinary experts?

4. Suggestions for Improvement

o Are there any additional features or capabilities that you believe would enhance the value and usability
of the Digital Twin system?

o Whatimprovements or changes would you recommend making the system more effective in supporting
your daily tasks and responsibilities?

5. Overall Feedback

o Please share any additional comments, feedback, or suggestions regarding the Digital Twin system.

Subjective Measures Notes

This survey can be distributed to users and stakeholders who have direct experience with the Digital Twin system. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

4.2.5.2 Economic Growth KVI

Table 25: UC#2-PoC#2 - Economic Growth KVI

E3-KV Framework - Ecosystem - Economic Growth - UC#2 - PoC#2 - Digital Twin

Definition | 6G systems should demonstrate their economic benefit for vertical industries
and telco operators

Aim | Demonstration that 6G systems provide a real economic value to vertical
industries and services of the future. Furthermore, quantification of the
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considered.

(macro)economic value of 6G-leveraged business ecosystems needs to be

Target Groups

Citizens, telco operators, industry players

Societal Impact

Building systems that bring value to society by means of bringing value to
operators and industry players which invest in new technologies and citizens.

Relevance to 6G-BRICKS

Economic Growth is beneficial as Digital Twin adaptation is expected to contribute to the overall development and
scaling of the industry due to increased productivity, cost reductions, new jobs creation and industry innovation
promotion. Digital Twin can improve the efficiency of maintenance activities, reduce downtimes, and create new
business opportunities, enhance economic activity across its user ecosystem and drive revenue generation and cost
optimization for stakeholders.

KV Indicators - Methods of measurement

Survey

Metric Metric Evidence
Objective | OI1: Productivity Improvement Task efficiency improvement, by comparing
Rate (PIR) completion rates and times before and after
deployment.
0I2: Cost Reduction Rate (CRR) Reduction in overall maintenance and operational
costs (labor, resources, downtime) before and after
0I3: Revenue Growth Rate (RGR) adopting digital twin
Increase in revenue generated by deploying the
Ol4: Innovation Adoption Rate digital twin, focusing on operational efficiency,
(I1AR) asset longevity, and improved service quality.
Number of companies and individuals adopting the
OI15: Employment Growth Rate digital twin for maintenance purposes.
(EGR) New job opportunities created due to the digital
twin’s implementation
Subjective | Digital Twin System Feedback Survey of users regarding Digital impact on

economic growth, and uncovered opportunities for
innovation and optimization.

Why good evidence

By implementing this structure, the Economic Growth KVI is systematically linked to measurable outcomes, ensuring
that the digital twin's contribution is effectively captured and demonstrated. This analysis highlights the tangible and
intangible impacts of technology on industry economic growth and sustainability. A survey follows where valuable
feedback from technicians, managers, enablers and shifters can help us better understand Digital Twin impact on
business growth and uncover opportunities for innovation and optimization

Objective Measures

Definition:

OI1 - Productivity Improvement Rate (PIR)
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This Objective Indicator (Ol) measures how the digital twin improves task efficiency by comparing
completion rates and times before and after deployment. It highlights the technology’s ability to
optimize workflows, reduce repetitive tasks, and enhance overall output.

Goal:
To quantify the percentage increase in task efficiency enabled by the digital twin.

Measurement Method:

Measure task completion rates and time spent before and after deploying the digital twin. [See
Survey Section 1]

Formula:
Tasks Completed Before — Tasks Completed After
Tasks Completed Before

PIR = ( ) % 100

Thresholds:
Minimum 25% productivity improvement.

0OI2 - Cost Reduction Rate (CRR)

Definition:

The increase in revenue generated by deploying the digital twin (measuring the financial returns
and economic value before and after Digital twin implementation)
Goal:

To determine how much the digital twin helps reduce maintenance and operational expenses.

Measurement Method:

Compare maintenance costs (labor, tools, downtime) before and after implementation. [See Survey
Section 2, Q1].

Formula:
Cost before — Cost After
Cost Before

Cost Reduction Rate = ( ) x 100

Thresholds:
At least 15% reduction in costs is desirable

OI3 — Revenue Growth Rate (RGR)
Definition:

The increase in revenue generated by deploying the digital twin (measuring the financial returns
and economic value before and after Digital Twin implementation).

Goal:
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To measure the increase in revenue due to improved operational efficiency (e.g. less time to
process, investigate, train, trial, execute, commute/travel, lower cost due to fewer experts who are
remotely connected to multiple locations at once) and extended asset lifespan.

Measurement Method:

Compare revenue figures from before and after deploying the digital twin. [See Survey Section 2,

Q2, Q3].
Formula:
Revenue After — Revenue Before
RGR = ( ) x 100
Revenue Before
Thresholds:

At least 15% reduction in costs is desirable.
0l4 - Innovation Adoption Rate (IAR)
Definition
Digital Twin wide adoption rate, across stakeholders and verticals. It evaluates the technology’s
acceptance and scalability, providing insights into its practicality and industry-wide impact.

Goal:

To monitor the market penetration and usage rate of the technology.

Measurement Method:

Count the number of stakeholders adopting the digital twin and compare it to the total target
group. [See Survey Section 4]

Formula:

Adopters

. ) —
Adoption Rate (%) (Targeted Stakeholders

>><100

Thresholds:

At least 30% adoption rate is a key indicator of success.

0I5 — Employment Growth Rate (EGR)

Definition:

Digital Twin new job opportunities linked to its implementation. Technology’s contribution to
workforce expansion and demand for new skill sets, showcasing its socioeconomic impact.

Goal:

To assess the creation of new jobs related to the deployment and maintenance of the digital
twin.

Measurement Method:
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Track the number of new roles created directly or indirectly due to the adoption of the digital
twin. [See Survey Section 3]

Formula:
New Roles Created
Total Employement Before

EGR (%) = ( ) x 100

Thresholds:
At least 5% growth in employment in relevant sectors.

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Digital Twin system. The
responses collected from the survey can provide valuable qualitative insights into the perceived value, usability, and
impact of the system on operational efficiency and collaboration.

Survey Questions

1. General Information

Name

Uob Title

Department/Division

Length of Experience with the Digital Twin System

Section 1: Organizational Impact
1. How much do you anticipate for the digital twin to improve operational efficiency in your organization?

o 0-25% O
o 26-40% O
o 41-50% O

o More than 50% [

2. What percentage reduction in downtime would you expect provided that you implement the digital twin?

o 0-10% O
o 11-20% O
o 21-30% O
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o More than 30% O
3. How much do you anticipate for the digital twin to lead to new jobs/roles and head count increase overall?
o No growth observed [
o 1-5% O
o 6-10% O
o More than 10% O

Section 2: Financial Outcomes
1. According to your experience, what percentage reduction in operational costs could the digital twin potentially

achieve?
o 0-15% O
o 16-20% O
o 21-30% O

o More than 30% O
2. Do you expect revenue growth due to the adoption of the digital twin? If yes, by what percentage?
o Nogrowth observed [
o 1-10% |
o 11-20% |
o More than 20% O
3. What additional revenue streams could emerge due to the digital twin’s capabilities?
o Extended service offerings O
o Enhanced product performance [
o New business models O

o Others (please specify):

Section 3: Competitiveness and Market Position
1. Could digital twin improve your organization’s competitive edge in the market?

o o o o o
1 2 3 4 5
Score Low High
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2. How much could digital twin influence customer satisfaction and retention?

o o o o o
1 5
Score Low High

3. What percentage of your product or service offerings now rely on digital twin technology?
o Lessthan25% [
o 26-50% O
o 51-75% O
o More than 75% [

Section 4: Scalability and Long-term Growth
1. Could potentially the digital twin enable your organization to scale operations or enter new markets?

o o o o o
1 2 3 4 5
Score Low High

2. What barriers, if any, do you expect you to face in scaling digital twin applications?
e High implementation costs O

e Lack of skilled personnel O

e Integration challenges [

e Others (please specify):

3. Do you anticipate continued investment in digital twin technology for long-term growth?

o o o o o
1 5
Score Low High
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4.2.5.3 New Value Chain KVI

Table 26: UC#2-PoC#2 - New Value Chain KVI.

E5-KV Framework - Ecosystem — New Value Chain - UC#2 - PoC#2 — Digital Twin

Definition 6G systems should demonstrate their commercial benefit for vertical industries
and telco operators

Aim Demonstration that 6G systems provide a real commercial value to vertical
industries and services of the future. Furthermore, quantification of the
(macro)economic value of 6G-leveraged business ecosystems need to be

considered.
Target Groups Citizens, telco operators, industry players
Societal Impact Building systems that bring value to society by means of bringing value to

operators and industry players which invest in new technologies and citizens.

Relevance to 6G-BRICKS

The New Value Chain Indicator is considered to create collaborative ecosystems, that can revolutionize traditional
supply chains by integrating stakeholders from diverse vertical industries. Digital Twin of this Use case is an innovative
solution that opens new revenue streams. New partnerships can be established in sectors like oil and gas,
telecommunications, and constructions where interdepended and joined processes are required. A well-integrated
value chain accelerates technology adoption and boosts the overall market impact.

KV Indicators - Methods of measurement

Metric Metric Evidence

Objective Ol1: Objective Indicator Targeted stakeholders actively participating in
Stakeholder Engagement Rate engagement activities.
(SER)

Relevant and actionable stakeholder feedback for
0OI2: Objective Indicator Feedback | meaningful possible improvements after adopting

Applicability Score (FAS) digital twin

OI3: Objective Indicator Collaborations or contracts initiated relative to
Partnership Opportunity Rate stakeholder engagements

(POR)

Targeted audience reached through awareness
Ol4: Objective Indicator campaigns.
Awareness Campaign Reach (ACR)
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New job opportunities created due to the digital

OI5: Objective Indicator twin’s implementation

Technology Accessibility Rate Stakeholders within a targeted group who can
(TAR) feasibly adopt and utilize digital twin technology.

Subjective

Digital Twin System Feedback | Survey of users regarding Digital impact on
Survey business growth, and uncovered opportunities for
innovation and optimization.

Why good evidence

solution.

New Value Chain KVI analysis, via the aforementioned methods and Ols, would conclude to measurable effectiveness
of stakeholder engagement, the potential for new partnerships, and the overall market impact of the digital twin

Objective Measures

OI1 - Stakeholder Engagement Rate (SER)

Definition:

Ol1 measures the percentage of targeted stakeholders actively participating in engagement
activities.

Goal:
To ensure significant industry representation and collaboration.
Measurement Method:

Track events attendance, sign-ups for pilot projects, and active contributions in workshops. [See
Survey Q2 and Q3]

Formula:

Engaged Staholders
Total Target Stakeholders

SER (%) = ( ) x 100

Thresholds:

Minimum 30% engagement for meaningful industry-wide input

0OI12 - Feedback Applicability Score (FAS)

Definition:

Evaluates how relevant and actionable stakeholder feedback is to the digital twin solution
Goal:

To derive actionable feedback that improves the digital twin and its adoption potential.

Measurement Method:
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Categorize feedback into actionable and non-actionable and calculate the percentage of actionable
feedback. [See Survey Q5, Q8]

Formula:

Actionable Feedback Items
Total Feedback Items

FAS (%) = ( ) x 100

Thresholds:
Target 50% or higher actionable feedback for meaningful possible improvements
OI3 - Partnership Opportunity Rate (POR)
Definition:
Number of collaborations or contracts are initiated relative to stakeholder engagements.
Goal:

To translate stakeholder interest into tangible business collaborations or pilot implementations.

Measurement Method:
Count the number of partnerships formed after engagement activities. [See Survey Q4]
Formula:

Partnership Formed

POR (%) = ( ) x 100

Engaged Stakeholders
Thresholds:
A minimum of 10% conversion rate is considered impactful.
0Ol4 — Awareness Campaign Reach (ACR)
Definition
The percentage of the targeted audience was reached through awareness campaigns.
Goal:
To maximize visibility of the digital twin among potential stakeholders.
Measurement Method:
Log and count website visits, downloads, and registrations for awareness events. [See Survey Q9]
Formula:

Actionable Individuals Reached

ACR (%) = ( ) x 100

Target Audience Size

Thresholds:
At least 70% of the target audience should be reached.
0I5 — Technology Accessibility Rate (TAR)

Definition:
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The percentage of stakeholders within a targeted group can feasibly adopt and utilize digital twin
technology. This Objective Indicator (Ol) evaluates the extent to which barriers such as cost,
infrastructure, and technical expertise impact the accessibility of technology. A higher accessibility
rate indicates that the technology is reaching a broader audience and meeting its inclusivity
objectives.

Goal:

To ensure the digital twin technology is accessible to a wide range of stakeholders, including small
and medium-sized enterprises (SMEs), underserved regions, and diverse user demographics,
thereby promoting inclusivity and equitable adoption.

Measurement Method:

The accessibility rate is determined by analyzing stakeholder readiness and capability to adopt the
digital twin. This includes examining infrastructure availability, affordability, technical skills, and
organizational preparedness. Data can be collected through surveys, interviews, and infrastructure
assessments. [See Survey Q5, Q6, Q7, Q8]

Formula:

Number of Stakeholders able to adopt Dig. Twin
Total Target Group

TAR (%) = ( ) x 100

Where:

Number of Stakeholders Able to Adopt Digital Twin solution: Stakeholders with the necessary
resources, infrastructure, and expertise to deploy and use the digital twin.

Total Target Group: The total number of stakeholders identified as potential users of the
technology.

Thresholds:
Low Accessibility: <50% (Significant barriers to adoption exist for most stakeholders).

Moderate Accessibility: 50%—75% (Some barriers exist, but a majority of stakeholders can
access the technology).

High Accessibility: >75% (The technology is broadly accessible, and adoption is widespread).

Subjective Measures

Survey of users from trial

This survey can be distributed to users and stakeholders who have direct experience with the Digital Twin system. The
responses collected from the survey can provide valuable qualitative insights into the engagement rate, partnership
opportunity, infrastructure readiness, adoption readiness, technical skills and training and awareness campaigns.

Survey Questions
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1. General Information

Name

lob Title

Department/Division

Length of Experience with the Digital Twin System

2. Stakeholder Interest

technologies?

o On a scale of 1 to 5, how interested is your organization in exploring and adopting digital twin

collaborative ecosystems and new value chains?

o o o) o) o)
1 2 3 4 5
Score Not interested ] Very
interested

o In which areas of your organization do you see the potential for digital twin technology to create

3. Stakeholder Engagement

o Have you been invited to a Digital Twin Demo or Workshop
o Yes O
o No O
o How many times in the last 12 months: _ _

o Have you been actively engaged in a Digital Twin Demo or Workshop
o Yes O
o No O

© 6G-BRICKS 2023

Page | 87




D6.3 Report on Infrastructure setup and readiness vertical tests BR ECKS

4. Partnership Opportunity

o On ascale of 1to 5, how strongly do you believe digital twin technology can open new revenue streams
and establish partnerships in sectors like oil and gas, telecommunications, and construction?

o o o o o
1 2 3 4 5
Score Not strongly 1 Very strongly

5. Infrastructure Readiness
o Do you currently have the necessary hardware or software to implement the digital twin?
o Yes O
o No O

o What percentage of your existing infrastructure (e.g., AR devices, connectivity, cloud systems) is
compatible with the digital twin solution?

o 0-25% O
o 26-50% O
o 51-75% Ol
o 76-100% 0O
o What upgrades or changes to your infrastructure would be required to adopt the digital twin?
o Additional AR/VR hardware O
o Network or connectivity improvements []
o Cloud computing capabilities O
o None required O
6. Readiness to Adopt

o Onascaleof 1to5, how prepared do you feel your organization is to adopt digital twin technologies in
interdependent and joined processes?

o o o) o) o
1 2 3 4 5
Score Not prepared 1 Very prepared

7. Cost Feasibility

o Isthe cost of implementing the digital twin within your organization’s budget?
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o Yes, it is affordable. O
o Somewhat affordable but would require additional funding. Il
o No, it is beyond our budget. ]

o What is your organization’s primary concern regarding the cost of the digital twin?

o Upfront investment (hardware, software, licenses). O
o Ongoing costs (maintenance, subscriptions). Il
o Lack of return on investment clarity. Il

8. Technical Skills and Training

o Do you or your team members have the necessary skills to operate and maintain the digital twin?

o Yes, we are fully trained. O
o Partially, but we would require additional training. ]
o No, we currently lack the skills. O

o What type of training or support would help improve your team’s readiness to use the digital twin?

o Workshops or hands-on training. [l
o Online resources and tutorials. ]
o Dedicated customer support. ]

o Pleaseindicate any specific challenges or barriers your organization foresees in the adoption of digital twin
technologies.?

o What level of support and resources is your organization willing to allocate for the adoption of digital twin
technologies?

9. Awareness Campaigns

o In what sort of Digital Campaigns have you been invited in the last 12 months and at what frequency?

o Newsletters O Times: __
o Landing Pages / Websites visited [ Num: _
o Events U Times: __
o Demos (Pilot Trials) O Times: __
o Whitepapers (sent / downloaded) U Times: __/__

10. Overall Feedback
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o Please share any additional comments, feedback, or suggestions regarding the potential adoption of
digital twin technologies within your organization.

11. Demographics

Department/Division

Years of Experience in the Industry

Role in the Organization Industry

Instructions for the Respondents

e Please answer each question based on your organization’s experience with digital twin deployment.

e Where applicable, provide examples or additional comments to elaborate on your responses.

e This survey is anonymous, and the results will be used to enhance the understanding of digital twin
technology’s impact on New Value chain.

This survey can be distributed to stakeholders across diverse vertical industries to gather both qualitative and
quantitative insights into their interest, perceived value, and readiness to adopt digital twin technologies. The
responses collected will provide valuable information for assessing stakeholder sentiment and readiness for the
adoption of digital twin technologies.
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5 Conclusions

The deliverable provided a detailed overview of the infrastructure setup and readiness status of vertical UCs under two
experimental testbeds at: (i) KUL and (ii) EUR. Under each site, there were two PoCs prepared addressing 6G-enabled
verticals, demonstrating the potential of next-generation 6G networks to support emerging applications in immersive
media, industrial automation and remote collaboration. More specifically, this document provided for each testbed the
6G Deployment considerations reporting the 6G technological enablers’ readiness status. Additionally, a detailed planning
of activities and deployments was provided for the two UCs; (i) Holoconferencing and (ii) Industry 4.0. Importantly, the
target KPIs for each PoC were clearly identified and presented. A template for the KVIs development was created, which
served as a basis for the detailed description of the relevant Indicators under each PoC. The KVIs consist of Objective
Indicators and Subjective Indicators according to our analysis. The latter mainly involves stakeholders who will observe
the lab demonstrations potentially through a video and fill in pre-created questionnaires. The target KPIs and KVIs will be
finally evaluated during the works of WP6 and reported at D6.4 — “Report on vertical executions in KUL testbed” and D6.5
— “Report on vertical execution in EUR testbed”.
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