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Executive Summary

CKAd RSETAOSNIOfSsT Scnggmdt$NEAQINSE SY i WS NIK Bengaliand 2 Y S &
third-party trials and pilots (T&Ps) within the TH project. Building upon the reference architecture and
testbed infrastructure described in D2.1 and D3.1, this report provides a comprehensive overview of the imple-
mentation and validatiorof a representative set of vertical use cases across agriculture, education, health, and
smart cities. Each vertical scenario has been systematically validated through controlled lab settlibes fieddl

trials, and showcasing events, ensuring alignmeith the technical goals of the project and the targeted Key
Performance Indicators (KPIs) and Key Value Indicators (KVIs).

The internal experimentation activities involved detailed setup and deployment of communication infrastruc-
tures, edge platforms, rad domainspecific sensors and applications. Across use cases such as remote drone
assisted irrigationeXtended RealitfXR)based classroom learning, remote health training via immersive media,
and smart city logistics and coordination, dedicated testbptbvided by partners like FOKUS, UMA, KAU, and
ORO enabled entb-end experimentation. Each trial was followed by a structured evaluation phase including
technical metrics (e.g., throughput, latenagdjitter) and qualitative feedback from enasers andtakeholders,
underlining both the technological readiness and societal relevance of the envisioned 6G services. This will feed
directly into WP6, where a thorough assessment of the results will be performed.

In addition to internal pilots, this reportlso covers the integration of thirdarty projects selected through the

first open call of the 6@ATH program. Ten projects, spanning domains such as agriculture, public safety, and
advanced network management, were-boarded and aligned with the 6BATHexperimentation framework.

Each thirdparty initiative was supported through interfacing design, experimentation planning, and kPI/KVI
driven validation, contributing valuable external feedback to the platform and reinforcing the project's open
innovationmodel.

Altogether, this deliverable captures critical lessons learned from the first experimentation cycle and offers con-
crete recommendations for evolving the technical components described in WP2 and WP3. It sets the stage for
the second phase of experentation and for further refinement of the 68ATH architecture toward largeeale
validation of 6G verticals across Europe.
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1 Introduction

The 6GPATH project has the goal to validate and evaluate 6G innovations on testbeds running internal trials and
pilots from different domains: smart cities, education, health and farming. The project involves also 3rd party
Open Call projects for extending the list of initial testbeds, extensions and use cases-{f§iEs)lprovides an
overview of the interfaces bateen the vertical use cases, testbeds and 3rd party joining projects from the open
calls. The current deliverable reports on the activities related to the performed internal use case laboratory test-
ing, trials and pilots as well as the results and les$sarsit from these activities. As the projects from the Open

Call #1 (OC#1) have already started, this report includes also the ongoing activities inside the Open Call #1 win-

ners.

~
6G-PATH Use Cases Open Calls
Connected and XR rural 3D hydrogel Water
sensing city schools patches saving
Automated Classroom of Elderly Smart . )
logistics the Future monitoring vineyards Third-party Third-party Third-party
experiments Testbeds Testbeds
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coordination training OC#2 oC#1
-
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Figurel: 6GPATH use cases and testbeds distion

Both the initial (or internal) experiments (trials and pilots), as well as those from the joining projects are designed
G2 OFtARIFI(GS GKS LINRP2SOGQa RS@St2LISyda FyR NBaSlkND
sults to enable quarily the performance of the use cases under test. For this purpose, tHe/6KB experimen-

tation framework defined in WP2 and implemented in WP3 has been used for the execution of the trials and

pilots in WP4.
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1.1 Relation with other 6GPATH Reports

A % 4 A x

TheD4.X + SNI A OF f &LYRIVENK ¥SWHBAR NI A& Otz2aSte O02yySOGSR
in 6GPATH. It builds on the Data Management Plan (DMP), documented in the initial version in D1.2 and the
midterm version in D1.4, which defines thardling of datasets used in the experiments. The use cases intro-
RdzOSR Ay 5H®m at I 7F 2NNy AL NGHeE e BaBid dzNde intergaRand2iBmidiyA O £ &
SELISNAYSyiia NBLRNISR Ay 5nomd ¢ KBGRATH ekmedhieitatidn ¢riti- A Y 2
ronmentcL Y A4sérve hiséthe experimentation environment where these trials are executed. In parallel, D5.1

G/ Fal0lF RS Cdzy RA Y 3paitigsd® yHRNIAA yf %53 SEZ I iV RENIR yparly Ex@ensions @2 t & ¢
that complement the vertical experiments. The dissemination and communication activities captured in D7.3
G5A3aSYAYFGA2YZT [/ 2YYSNOAFfA&AFOGA2Y FYR {dFYyRFNRAALI (.
experiments reported in D4.1. Furthermgomailestones MS6.1 and MS6.2 provide the first validation framework

and preliminary evaluation of internal experiments, ensuring alignment with WP6 activities. Together, these re-
ports establish a consistent flow from use case design, to testbed integraticexperimental execution and
validation. D4.1 therefore acts as the pivotal link between architecture definition, experimentation, external en-
gagement, and communication.

1.2 Mapping 6GPATH Outputs

A2Y | -RATH Grarg AgeafrietmkdmitingatS withibthe formal Deliverable and Task
2y F3FAyad GKS LINRP2SOGQa NBALISOO A BeBle 2 dzii LIdzl

Tablel: Adherence to 6?ATH GA Deliverable & Tasks Descriptions
6GPATH GA Com 6GPATH GA Componen| Respective Document Justification
ponent Title Outline Chapter(s)
DELIVERABLE

D4.1Verticals Experimentdnitial
Reports on the internal and third parties first phase experiments.

TASKS
Task # & Title Respectivextract from Respective Chapters o Briefly outline how addressed
formal Task/Subtask De- Sectionsiwumbers the respective document sec-
scription within this document  tion(s) cover the described GA
addressing GA de- Task activities
scribed Task/Subtask
T4.lIinternal trials  The purpose of this task is Section 2 Section 2 provides an-tepth
and pilots to deploy and execute the description of each internal ver:
project internal experi- tical use case, detailing the de-
YSylGdaXxsz dzAy ployment environments, inte-
PATH testbeds and plat- gration of 6GPATH technolo-
form. The trials and pilots gies, lab and field testing activi-
X gAft Syl of ties, and the associated Key Pc
idation and evaluation of formance Indicators (KPIs) and
the project's objectives, Key Value Indicators (KVIS). Fc
architecture, platform, each use case, lessons learnec

1 6GPATH D2.1 reporhttps://6gpath.eu/wp-content/uploads/2024/12/6 GPATHD2. 1-Platformarchitectureand-verticalsv1.0.pdf
2 6GPATH D3.1 reporhttps://6gpath.eu/wp-content/uploads/2025/03/6GPATH_D3-BGPATHexperimentatiorenvironment
initial_V1.0.pdf
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T4.2Third-party
open calls
testbeds interfac-
ing and extensions

PATH

testbeds, and innovations
with a focus on the four
project verticals and their
respective use cases.
¢KAAa GFail I 7 Section3
with 2 additional third
party testbeds and 10
third-party testbed exten-
arz2zyax ogAfft
configured, and tested
during the first phase ex-
periments, and made
available to the second
phase experiments, in-
cluding the required sup-
port to the running experi-
mentations.

and practical insights are high-
lighted to inform the future re-
finement ofthe platform and
testing methodology.

Section 3 presents the onboarc
ing and experimentation pro-
gress of thirdparty projects se-
lected through the first Open
Call. It outlines the technical in-
terfacing efforts, validation
planning, and approach in aligr
ment with the 6GPATH experi-
mentation framework.
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1.3 Deliverable Overview and Report Structure

The structure of the deliverable reflectsaimulti-layered nature of the experimentation process.

Section 2 presents the activities from each internal vertical use case as well as lessons learned.

Section 3 covers the high level description of the Open Call #1 winning projects and the appiogdrating,
validating and evaluating their resulting extensions. Section 4 provides consolidated conclusions anttoss

package feedback and section 5 provides the references.

The Annex provides a short description of theB&TH experimentatioframework that is in more detail de-
AONAOSR Ay GKS LINP2SOiOa RStADBSNIOGfSEA 5HDPM | YR 50 D

Taken together, the deliverable aims to demonstrate the versatility, usability, and openness of PATHG
platform, while providing concrete input for the next itéi@n of technical enhancements and experimentation
LX FyyAy3 | ONRP&aa GKS LINR2SOiQa tATFTSOeOfSo
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2 Internal Trials and Pilots

This section provides an-@epth description of the internal trials and pilot (T&P) activities conducted across the
LINE 2 S O Q &es,isggayhing a&r8ss fbur verticals, namely Farming, Education, Health, and Smart Cities. By
GF RRNBaaay3d¢é¢ GKSasS @GSNIAOFftaz GKS LINRP2SOO FAYa G2
cases and technological solutions while enablingdbiéection of a richer set of KPIs and KVIs. This comprehen-
sive coverage supports a more refined and holistic definition of requirements for the transition toward future
6G networks.

The T&Ps followed a phased and systematic approach across all Use B&sdadluding ihab validations,

small and largescale trials, showcase demonstrations, and-$akle pilots. These activities were carried out in
close collaboration with the relevant testbeds and partners, and each was deeply integrated with-BAer6iG
platform mainly via the Experiment Lifecycle Management (ELCM) toolkit, directly via IrffuxéBer inter-

faces, as described in Annex 1. This integration enabled an automated and standardized approach to metric
collection and aggregation, ensuringherent performance evaluation across diverse verticals and deployment
contexts.

.S82yR GKS UGSOKYyAOIt @It ARIFIGAZ2Y 2F GSOKyAOFf O2YLRY
ination and exploitation milestones. They provided opportuniie8 LINS &Sy d 'y R RSY2yaidNI
novations to a wide audience, including public authorities, end users, industry stakeholders, and the research
community. Several activities also supported cresdical synergies, for example, HEDU3 addresseboth the

Health and Education verticals, while the Smart Cities vertical includes varied subdomains such as industry, mo-
bility, and public safety.

As summarized in Sectidnthe insights and results gathered through thestivities provide valuable feedback

to other work packages, most notably WP2 (Architecture and requirements),WP3 (Testbeds, Platform and Inte-
gration) and WP6 (Validation, Impact and Sustainability), further reinforcing the project's iterative development
and validation methodology.

Table 2provides a summary of the activities performed in each UC, including not only T&Ps, but also, demos,
showcases, Hhab tests. The T&Ps are classified as either sorathedium/largescale. This classification is ap-
pliedper UC, rather than following a broad definition, since each UC has very specific requirements. For example,
in a Smart Cities UC, the scale may refer to the number of devices deployed or the size of the trial area, whereas
in eHealth UCs it could relate the number of patients involved.

The following subsections provide a comprehensive overview of the activities carried out in each Use Case during
the first phase of T&Ps, highlighting their specific focus, scope, and contribution to the overall eljeftikie
6GPATH project.

Table2: Use Case activities overview

Use Case Demos and In-Lab Tests Smaltscale Medium/Largescale

Showcases Trials and Pilots Trials and Pilots

N

UGFARM1
UGFARM?2
UGEDU1
UGEDU2
UGEDU3
UCGHEALTH
UGHEALTE2
UGCITIES
UGCITIER
UGCCITIES

[EEN

RlRrIRIMNWN R RPRlW
o|lo|o|r|r oo o|o

NINNWW WP, O
RIOINFININIO|IFLIO

3 InfluxDB https://www.influxdata.com
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2.1 UGFARML ¢ Water saving

The UGFARMM

I 2 OF R2 2 NOKFNR |

G2 GSNI {F BAyTE
0KS

dzaS OF &S ¥ 2 Odza-sakingiy an opers

[ al@&@2N} SELSNARYSyGlt

technology, the use case integrates réale acquisition, transmission, and processing of large volumes of phe-
nological, environrantal, and visual data to enable immediate and informed irrigation control. A network of
battery-powered sensors and actuators will capture information across thepailt¢atmosphere continuum,
while drones equipped with agriculturgtade imaging systesnwill periodically monitor crop phenology. By

O2YOoAYAYI [/ {L/ Q&

SELISNIAAS Ay

LI I y i

A0ASYCRARMIA U K

aims to build a reatime information database that supports efficient, precise, and intelligentatiégn manage-

ment.

2.1.1 Setup and Validation Tools

Figure 2presents the deployment of the UEARML pilot and the tools used for its validation. The setup inte-
grates aerial, ground, and network components to enable-tiea¢ monitoring and control of crop igation.

Monitoring scripts

Edge servers
g Mission planner

MAVproxy

ffmpeg

Mediamtx

Wireshark

5GCore (Main building)

Location:
(La Mayora)

GRAFANA
INFLUX ELCM
-

Site 1

({Il) Ll ((ll) Micro n70 +nd0

(Water tank )

Drone control
Video trangmission

Nemo Handy

|

Kb T
==

€

IR

= BBU

BBU

Site 2

s1(c)

Figure2 UGFARML: Testbed setup

Fiber connection

Macro nd0
(Telco tower)

Drone Equipped with Cameras The drone conducts periodic flights over the crops, capturing-téfmition
video and imagery to assess plant health, water stress, and growthrpait¥ideo streaming is handled using
the FFmepgtoolkit over the 5G network, which also enables remote drone control. The drone carries a Nemo

Handy (see Figure J)robe

4 FFmpeg is a powerful, opamurce software suite that consists of libraries and tools designed to handle multimedia files, including
video, audio, and images. It is widely used in digital media production and broadcasting, as well as in applicatiorts dditivige

transcoding, andtseaming.

5 Nemo Handys an Android application that enables measuring wireless diagnostics information of air interface and mobile application

quality-of-service (QoS).

PATH
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Figure3to measure 5G radio parameters, such as R@Rference i§nal Received Power) and RSAR@ference
Signal Received Quality).

Figure3: UGFARM1: Drone eqipped with a 5G router

Sensorg; Groundlevel measurements are collected using soil moisture, temperature, light, and nigganors
(see Figure ¥ These sensors are connected to a datalogger, which transmits data in real time via 5G, comple-
menting the aerial imagery with detailed environmental information.

>

Figuré: C—FARl: Sensors (left)Datalogger (right)

Edge Serverg Edge servers host the control and data processing environment, including the Mission Planner
Graphical User Interface (GUI), MAVProxy commieredGround Control Station (GCS), and theP#G'H frame-

work. MAVProxyis a caenmandline Ground Control Station (GCS) that uses MAVLink protocol to control the
drones. The MAVLIink protocol is a communication protocol designed for the control of unmanned vehicles and
other autonomous systenisMAVProxy supports precise drone navigatand data retrieval. Custom scripts

6 RSRRAs a measure of the received power level in an LTE cell network. The aperageis a measure of the power received from a
single reference signal.

7 RSRQ serves as a key indicator of the quality of the received reference signal in relation to the interference lewasl imigetgiss
network. This metric, typically measureddecibels (dB), provides valuable insights into the overall health and performance of the
network, enabling operators to make informed decisions regarding signal optimization and resource allocation.

8 MAVProxyis afulf dzy OG A 2 Yy Ay 3 D /ndd asFa2niidimalist xporéatiie amkiS&endhble GCS for any autonomous system
supporting the MAVLink protocol. Also saeong othershttps://ardupilot.org/mavproxy/

9 For further information also se@mong others https://ardupilot.org/dev/docs/mavlinkbasics.html
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extract KPIs related to drone control, while Wireshark records all network traffic for analysis. Medmrtdxas
the video server, receiving streams from the drone for immediate processing.

5G Network¢ The entire gstem operates over a private 5G network deployed at La Mayora, with the 5G core
(5GC) hosted on the edge servers. This architecture reduces latency for drone control and accelerates image and
data analysis.

| Figure5: UCFARM-1: 5G Radio nodes' locations

DA@SyY (K Sectare $idé, v radioinode locations were selected to ensure coverage of key crop areas,
including avocado, mango, pitaya, and greenhouse zoned={gaee 3. The first site, EB1, is located on a water

tank, equipped with a micro antenna in band 77 and a macro antenna in band n40 to compare performance
across frequency bands. An outdoor cabinet houses the baseband processing system, connected via radio link to
0KS ySig2N] O2NB dewer iodtrS ThOsegbiidsite {EBX id#qhipgRed yith @& band 40 radio
nodes mounted on a tower, providing additional coverage and redundancy.

2.1.2 Lab Testing and Showcasing

Lab testing began in March on the 5G private network located at the University ogdl&@aring this phase, we
identified the toolchain required to remotely control the drone, stream video from it, and monitor the perfor-
mance of the remote control and the streaming. Once the toolchain was validated, we organized two small trials
andonesB g OF 84S S@Syid i GKS SELISNAYSydGlt FENY a[ al &2
lored digital questionnaire, which received a total of 21 responses.

2121 { K20 aS SELISNAYSyGEFt FIENY a[F al@&2Nré¢ aleée yikK

On May 8th a showcase was carried (ageFigure 6 and Figure).7The showcase event had a number of over
30 attendees, which included researchers, small growers, and representatives of larger companies.

10 MediaMTXs a readyto-use and zeralependency realime media server and media proxy that allows to publish, read,ypnecord
and playback video and audio streams. It has been conceived as a "media router" that routes media streams from oitleeend to
other. Also seenter-alia: https://github.com/bluenviron/medamtx
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SN, i e

"~ Figure7: UGFARML: Showcasing
2.1.3 Performed Trials and Pilots

During the T&Ps, activities focused on validating the remote control of the drone antinnealideo streaming

over a standalone (SA) 5®twork under norcongested conditions. The results of this validation establish the
baseline for the use case. In the next phase, more challenging scenarios will be tested, including the use of net-
work slicing to mitigate congestion effects. Twosmsaf S G NA I f & 6SNB O2y RdzOGSR I
al@2Nlé 2y al NODK mMpiK FyR al NOK omadIZ HAauHp®

2131 { YFEf GNRIE SELSNAYSyGrt FENY a[F al@2N}¥é al NO
Seven participants from UMA and CSIC took part in this first small trial. The objective wadaie the com-

plete toolchain in a real environment. The drone was operated manually, with data acquisition also manually
triggered (sed-igure §.

Figureé: Ui:rne on|gtn‘
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The drone platform used was a Drongdgn Xshaped quadcopter equipped with:

1 Raspberry Pi + Navio 2 (Linux navio 5 ilid-v7I+)

1 Two 10,000 mAh batteries.

1 Global Navigation Satellite System (GNSS), Light Detection and Ranging (LIDAR), and camera module.
1 Netgear 5G SA routér

While the done was initially operated successfully, high communication latency was observed, which ultimately
led to a crash. Investigation revealed the cause to be routing configuration errors in the edge servers. These
issues were fixed, but abnormal communicatidelays were still recordedf; Figure 9 providing valuable in-

sights for subsequent trials.

MAVijitter IETF (ms) MAVCurrent_Delay (ms)
80 800
70 700
60 600
0 500
40 400
30 300
20 200
10 100

R R R R R = R R R = - =]

[EEpE Bl R e = e e R

Figure9: UGFARMZL: Drone control measurements for: (left) jitter and (right) delay

2132 { Yl ftt GNRIt SELISNXYSyh3ist, 203 NY a[ | al @2NIF ¢ al NJ

The second trial aimed to validate improvements made after the first test and to evaluate automated opera-
tions. The 66°ATH framework was used to collect KPIs related to video quality and drone control, while the
drone followed predefined fjht routes (sed-igure 10.

Fig”L:lreiO'lUGFARMl: Usage of predefined routes for the drone

The drone platform used was a DroneTools Hexacopter MiniCqotidfigure 11)
Figurellequipped with:

1 Raspberry Pi Pixhawk V6X
1 One 18,000 mAh battery
1 GNSS, LIDAR, and camera module

11 A Netgear 5G SA router acts as a portable hotggminected to 5G networks, allowing the establishment of aFiMietwork for
serving multiple devices.
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Figure11 UGFARML1: Drone teleoperation during second trial

During this trial, communication performance, specifically delay and jitter, was significaptiyvied (sed-igure
12 andFigure 13, with results closely matching those obtained in laboratory conditions. This confirmed that the
corrective measures implemented after the first trial were effective.

MAVIink jitter
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Figure12 UCFARMZI1:Second trial- MAVIink jitter measured during the teleoperation of the drone
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MAVlink delay
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Figure1l3 UCFARML: Second trial / MavLink delay measured during the teleoperation of the drone
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2.

1.3.3KPIs and KVIs validation results summary

Key Peformance Indicators
Table 3shows the average of the measurements collected during the trials and the showcase. In total 25 flights
were executed successfully.

Table3: UGFARML: KPI summary

KPI Name Targeted Device/connec- Measured | Comments
Value tion Details Value
Video Resolution | 4K video | Ffmepg based 1980x1080 | Resolution of the video delivered b
transmis- | metrics the drone camera using a 5G con-
sions nection
Frame rate 20-30 fps | Ffmepg based 30 Number of frames per secd
metrics
Video bit rate 1530 Traffic is captured| 0.897 Mbps | Transmission rate of the encoded
Mbps via Tshark and video. Represents the amount of
analysed / ffmepg data transmitted per second for the
metrics video stream from the drone to me
dia server.
Dropped frames 1%3% Ffmepg metrics | 0.2% Percentage of discarded frames
Total upload bitrate | Bps Ffmepg metrics | 1.2 Mbps Total bitrate of the RTS$Pstream
Jitter 10-20 ms | Mavlink protocol | 20.33 ms Jitter
Drone control >1Mbps | Traffic is captured| 67.74 kbps | Measures the data transmission ra
throughput via Tshark (drone specifically allocated for controlling
and analysed the drone remotely (Average)
Packet loss 1%2% MAVIink protocol | 0% Percentage of lost packets in com-
munication
Drone control la- 40ms¢ TIMESYNC com- | 44,74 ms Maximum latency in the communi-
tency 50ms mands over cation with the drone
MAVIlink protocol
Central Processing MAVIlink protocol | ~20% To monitor the processor usage of
Unit (CPU) load the flight controller to see the effecl
in the rest ofKPIs
Battery current MAVIlink protocol | 0,3 A To monitor the current consumptiot
to see the effect in the rest of the
KPIs
RSSI, SRSQ, RSRF Nemo Handy RSRP: Radio propagation conditions (aver
SINR 82dBm age)
RSRQ10dB
SINR: 33 dB
RSSH:
55dBm
Downlink peak user Iperfl4 267 Mbps | Max. achievable data rate for serv-
data rate ing a single user (downlink)

12

13

14

TShark is a network protocol analyzer. It lets you capture packet data from a live netwoelad packets from a previously saved

capture file, either printing a decoded form of those packets to the standard output or writing the packets to a file.'ST Shidvk

capture file format is pcapng format, which is also the format used by Wireslmatkarious other tools. Also seemong others
https://www.wireshark.org/docs/marmpages/tshark.html

SchulzrinngH., Rao, ALanphier R. Westerlund, and Stiemerling [2016).Real¢ A YS { i NBI YAy 3 OMEI 203t cHS
https://datatracker.ietf.org/doc/html/rfc7826

Iperf is a tool for network performance measurement and tuning. It is a gutzdform tool that can produce standardised perfor-

mance measurements for any network. The Iperf has client and server functionality and can create data streams to measure the
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Uplink peak user Iperf 47 Mbps Max achievable user data rate for &
data rate single user in the uplink

Round Trip Time 30ms- Round tip time 39 ms Ping

(RTT) latency 40ms latency

Figurel4 and Figure 15compare the delay results obtained during laboratory testing and field trials. The field
results show greater variability, with occasional large spikes that are currently under investigation. Ftrel6 of
25 flights, overall performance remained consistent, reliable, and closely aligned with laboratory measurements.
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Figureld: UGFARML: Measurements collected during the lab testing
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Figurel5: UGFARML: Measurements collected during the field testing

Key Value Indicators

To assess perceptions and potential impact of 6G technology in agriculture, a total of 21 online questionnaires
and 10 stakeholder interviews were conducted. No Focus Graequgsions (FGDs) were possible at this stage,
but they are planned for the larger trial in October 2025.

throughput between the two ends in one or both directions. Typical Iperf output contaiimeastamped report of the amount of
data transferred and the throughput measured. For further information also sées://iperf.fr/iperf -download.php
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a. Questionnaires:
The demographic profile of respondents revealed that:

Age:Majority between 2635 years (66.7%), followed by @b years (14.3%).

Education:Most held a university degree (66.7%), and 28.6% had a doctorate.

Ethnicity: Predominantly White (66.7%), followed by Latino/Hispanic (16.7%).

Gender:Balanced distributiorm 52.4% female, 47.6% male.

Geography:Most respondents were from Spai{86.4%), with smaller proportions from American
countries and other nationalities.

=A =4 =4 =8 =4

Questionnaire items were rated on g3 scale (1 = lowest/worst; 5 = highest/best). Average scores ranged from
3.88 (Cost Savings in Phenology Monitoring) to 4.67 (Wateng&ensors), indicating generally positive percep-
tions of 6G technology in agriculture.
TheTop 5highestrated areaswere:
1 Water Saving Sensorst.67 (very high appreciation for 6&habled water efficiency)
Interest in Water Optimization 4.48
Automated Irrigation Importance 4.43
Remote Control 4.40
Interest in Implementing 6G 4.38

= =4 =4 =4

Areas related tonew job creation labour cost reductionimpact on small producersandbusiness expansion
receivedslightly lower, though still positive, scoresggesting these are perceived as secondary benefits com-
pared to water efficiency and automation.

b. Interviews
Interviews were conducted with key agricultural stakeholders, including:

President oASAJR),ANR 6 SNB Q | 34a20A1FGA2Y obBoZnnn YSYOSNRO
Director ofR&I, TROP, cooperative (largest subtropical fruit producer)

Director of InnovationCajamat’ bank

Manager,HuertaVallé® seed company

t NEBAARSY(O 2F FTNUzZAG INRPSSNBQ a3a20AFGA2Y ODNI Yyl R
Several smalland mediumscale growers

=A =4 =4 =8 -8 =9

Overall sentiment toward 6@ agriculture was highly positive. Key perceived benefits included:

Cost savingse.g., yield prediction).

Energy saving&educed manual labour).

High data processing capabilitiesross the production chain.

Attracting younger generation$o agriculture countering the current trend of ageing orchard managers.
Addressing connectivity gaps rural areas.

=A =4 =8 -8 -4

Two major concerns emerged:
1. Ease of usg systems must be simple to operate for ntethnical users.
2. Economic accessibility cost must be manageablerfesmall and medium producers.

See'https://www.asaja.cont

16 Seehttps://www.lei-lookup.com/record/959800SWB7ZWJH58CZ78/
See:https://www.cajamares/en/particulares/
See:https://www.huertadelvalle.org/
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2.1.4 Lessons Learnt

Early laboratory testing proved essential for validating the remote control toolchain, video streaming capabilities,
and performance monitoring. This preliminary phase significantly reduced technical issires luth the real

trials and the final showcase. Trials in real agricultural settings highlighted the influence of environmental factors
such as terrain, weather, and vegetation density, which can affect connectivity and sensor reliability. It became
evident that testing under actual field conditions is necessary to assess system robustness. One of the main
challenges encountered was integrating 5G connectivity into the drones, as the initial drone model used did not
support 5G.

This required verifying 5@nnectivity prior to the trial and ensuring proper reachability between the Edge and
the drone. In parallel, feedback gathered through questionnaires provided valuable insights into usability, per-
ceived value, and potential improvements. Engaging@sels such as farmers and technicians early in the pro-
cess proved instrumental in tailoring the solution to their real operational needs.
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2.2 UGFARM2 ¢ Smart vineyards

CKS G{YFINI +AySelNRaAé dzad OFasS Aa T2 Odzdkedathnar2 RSN
ogies such as Edge computing, satellite imaging, private 5G/6G networks, and Artificial Intelligence (Al)/ Machine
Learning (ML) algorithms. The aim is to optimise key aspects of vineyard management, such as irrigation, crop
monitoring, andmachinery coordination, by enabling dadaiven decisiormaking, reducing manual labour, and
improving resource efficiency. This use case is aligned with broader goals of sustainable agriculture and climate
aware farming, targeting both productivity andw@ronmental impact.

YySe O02YLRyYySyida 2F GKS {YINI =+AySeél NRE&dgeé ddxthginddesi dzNBS
with private network connectivity, alongside a centralised management platform (Aqu&yieew) that deliv-

ers water usage optiisation and actionable insights. Complementing this setup are autonomous aerial and
ground vehicles (Autonomous Aerial Vehicles (AAVs) and Automated Guided Vehicles (AGVs)) integrated through
a machinery tracking and awareness solution provided by One8d¢@NE). This orchestrated ecosystem is de-
signed to function under varying connectivity conditions, fromgyitl deployments to fully interconnected sce-
narios, making it highly adaptable to different vineyard environments.

The use case was initially dgsed to include a range of realorld trial and pilot activities, conducted under
diverse deployment conditions to validate both the technological capabilities and operational benefits of the
proposed solution. These trials were expected to demonstratetpral performance in aspects such as autono-
mous monitoring, dynamic irrigation control, and machinery coordination, providing valuable insights for
broader adoption and refinement of the system.

However, due to internal organisational challenges withiRTit was not possible to carry out the planned field
trials and pilot activities during this phase. Instead, validation efforts were limited to a controlleddtahg
session, where the full solution was technically validated in agmarational envionment. While this reduced

the scope of insights compared to initial expectations, the underlying issues have been identified, and mitigation
actions are being implemented to ensure future reliability and readiness. As part of the ongoing planning for
Phag 2, significant adjustments are being made to not only address these challenges but also to reinforce and
expand the upcoming trial activities, with the goal of compensating for the limited results achieved so far and
ensuring stronger impact and demorahility in the next project phase. The-dlepth plan and updates to the

UC will be reported in D2.2.

2.2.1 Setup and Validation Tools
2.2.1.1Infrastructure setup

For this initial experiment, all systems were assembled and integrathduse. The systems used were:
1 TeraviewOS Edge device: image processing

hb9Q&d 9R3IS RSOAOSY RNRBYS AYlIISNE NBOSAOSNI

DJI Mavic 3M drort& source of images

Satellite modem (Starlink): connection to core cloud

OAIBO%5G SA: 5G network connectivity

=A =4 -4 =4

2.2.1.2Technical Setup

The integration and test we setup according to the diagram froRigure 16

19 Also seefor example https://www.linkedin.com/posts/terraviewos_edgedgesolution-activity-7104553716854202368gx|
Also seeinter-alia: https://www.aqua-view.eu/

Also seehttps://ag.dji.com/mavie3-m

Also seehttps://www.oaibox.com/
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Figurel6: UGFARM2: Technical setup

The drone on the far lefland side captured imagery and uploaded it to an object storage endpoint (MinlO)
K2aliSR 2y (KS chwas @Qrningiod thdir 8dg& devic& Once all images were successfully trans-
ferred, a notification was sent to the TER edge device. This notification was received by the Layer Manager (LM),
a component from ONE, operating on the TER device. Upon rectieingptification, the LM downloaded all
imagery, via 5G, from the object storage system and subsequently initiated the image processing workflow.

2.2.1.3Measurement and validation Tools

To ensure the effectiveness, reliability, and scalability of the smaglaid solution, TER employed a compre-
hensive validation approach combining automated testing frameworks and simulation environments. The vali-
dation process focused on e#id-end functionality, scenaribased assessments, performance benchmarks, and
robustress testing, covering a wide range of operational conditions relevant to precision agriculture and vineyard
irrigation.

Moreover, ONE employed a proprietary automated metric collection system that published all data through the
ELCM via InfluxBB

23 Influx DB is a time series database (TSDB) developed by the company InfluxData. It is used for storage and retrieseties tiate,
in fields such as operations monitoring, application metrics, Internet of Things (loT) sensor data, dindeealalytics. More infor-
mation can be foundnter-alia, at: https://en.wikipedia.org/wiki/InfuxDB
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2.2.2 Lab Esting

To validate the integration and functionality of the smart vineyard solution, ebkded testing session was car-

ried out in a controlled environment. The primary goal of this session was to verify thm el (E2E) work-

flow, from data acquisitio at the edge to image processing and analysis, under conditions simulating a real
62NI R RSLI28YSylid ¢KS aSidzl Ay Of dzFfiguRe 1§, ¢9wQa SR3S

Figurel7 UGFARM2: ONE's Edge Device (Left) with Satellite Uplink (Starlink, Right)

connected via a private 5G network based on the OAIBox platBigare 18, with Starlink providing backhaul
connectivity.

Figure18& UGFARM2: Private 5G network

As described in Sectidh2.1.2 a drone was used to capture a set of vineyard imadeigu¢e 19, which was
autonomously uploaded tol®9 Q& SRIFYuUraBDa i SY o

Figurel9: UGFARM2: Drone used during the lab tests
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processing pipeline. This inded image stitching, quality checks, and metadata extraction, for crop evaluation.
Lastly, the results were pushed to the TerraviewOS hosted in the dfoguré 2}

use_hybrid_bundle_adjustment: False
video_limit: 500
vid: ution: 4000

Running dataset stage
Loading dataset from: /data/code/images
Loading 18 images

Wrote images database: /data/code/images.json

Found 18 usable images
Finished dataset stage
Running split stage
Normal dataset, will process all at once.
Finished split stage
Running merge stage
Normal dataset, nothing to merge.
Finished merge stage
Running opensfm stage
Maximum photo dimensions: 4896px
Photo dimensions for feature extraction: 2448px
Altitude data detected, enabling it for GPS alignment
['use_exif_size: no"', 'flann_algorithm: KDTREE', 'feature_process_size: 2448', 'feature_min_frames
', 'processes: 4', 'matching_gps_neighbors: @', 'matching_gps_distance: @', 'matching_graph_rounds: 5
‘optimize_camera_parameters: yes', 'reconstruction_algorithm: incremental', 'undistorted_image_format: t
, 'bundle_outlier_filtering_type: AUTO', 'sift_peak_threshold: ©.266', 'align_orientation_prior: vertical
', 'triangulation_type: ROBUST', 'retriangulation_ratio: 2', 'matcher_type: FLANN', 'feature_type: DSPSIFT',
'use_altitude_tag: yes', 'align_method: auto', 'local_bundle_radius: 0']
Wrote reference_lla.json
running "/code/SuperBuild/install/bin/opensfm/bin/opensfm" detect_features "/data/code/opensfm"

Figure20: UGFARMH Y h b 9 Qa
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Figure21: UGFARM2: Processed imagery on TerraviewOS (cloud hosted)

The lab test successfully validated the interoperability of the system components and demtemshe stability

of the private 5G network and satellite backhaul in supporting-tiead data exchange. Despite being limited to

a lab environment, the testing provided important insights into system behaviour and confirmed the technical
readiness fofuture trials in real vineyard environments.

2.2.3 Lessons Learnt

While the lab testing successfully validated the technical functionality of the solution, several important lessons
emerged regarding the planning and execution of featld trials. One of thenain challenges encountered was

the identification and securing of a suitable vineyard environment that met both technical and operational re-
quirements. Finding a location with the right crop type, infrastructure, and stakeholder interest proved more
difficult than anticipated and significantly delayed the trial planning.

Additionally, aligning stakeholder availability, including landowners, local partners, and technical teams, posed
logistical hurdles. Organizing and coordinatingsite events required dastantial lead time and commitment,

which was complicated further by internal organizational issues that affected resource allocation and eecision
YE{Ay3ad ¢KSaS RStlrea dA GAYFGiSte tAYAGSR (K SionedNe 2SO
during this phase.
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To address these challenges going forward, several mitigation measures are being implemented. These include
earlier engagement with external stakeholders, including vineyard owners and local authorities, to secure com-
mitments wel in advance. Contingency plans are also being developed to allow for alternative locations and
more flexible scheduling. Internally, improved planning procedures, clearer timelines, and dedicated personnel
for trial coordination will be put in place to @vent similar disruptions. These steps aim to ensure that Phase 2
activities can fully compensate for the limited field validation performed so far, while building on the technical
readiness achieved in the lab tests.
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2.3 UGEDUI1 ¢ XR rural schools

UGEDUL1 explores the integration of Extended Reality (XR) in rural Romanian schools, leveraging 5G/6G infra-
a0NHzOGdzNE (G2 ONARRIS GKS RAIAGEE RAGARS Ay SRdzOF GA2
collaboration with local schools and technojogartners under the 6@&ATH project. The aim is to validate how
immersive Xmased learning can enhance student engagement, support digital inclusion, and deliver scalable
educational innovation in underserved areas.

2.3.1 Setup and Validation Tools
2.3.1.1Infrastructure Setup

The infrastructure for the pilot was designed to simulate classroom conditions in rural schools and validate the
deployment of XR educational technologies within theF&&TH architecture.

In the small trials, XR headsets (ClassVR) were imbtaitbtested in two schools/ 2 NDAA al NA | yR {
¢ alongside existing school Information Technology (IT) equipment. The infrastructure also included-eical Wi
access points configured to reflect conditions of limited or fluctuating connectifien present in rural envi-
ronments.

For the largescale trials, this setup, depictén Figure 22was expanded to accommodate reahe classroom
sessions with multiple users, integrating local connectivity with remote cloud and edge component66f the

PATH platform.
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Figure22 UCGEDUL: Setup High Level Topology
The testbed components and capabilities are:

1 5G testbed, SA coverage Bucharest 5G LAB.

1 3GPP roadmap availability.

1 3GPP Rel.?6 with 5G SA and entb-end sliciy Enhanced Mobile Broadbar{@MBB)/Ultra-Reliable
Low Latency Communicati¢gtdRLLC).

1 5G radio sites (gNB%installed in 5G LAB Bucharest.

24 seehttps://www.3gpp.org/specificationgechnologies/releases/releasts
25 A gNB (gNodeB) is a node in a cellular network that provides connectivity betweerquipment (UE) and the evolved packet core
(EPC). A gNodeB is the functional equivalent of a base station in a traditional cellular network. A gNodeB is respamsilde for
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1 Infrastructure as a Service I&&8aaS), Container as a Servi¢€aaS), Graphics Processing Unit (GPU)
and Orchegttion.

EDGE computing.

5G SAata Network NamefDNN$?).

IP-FABRIE Network.

Security/CybeiSecurity functions (FirewallW, LMT, Web Application FirewdllAF).

Platform components connected to the 5G testbed.

Network and services monitoring frameworlncluding power monitoring & analytics in CaaS
environment.

= =4 =4 =4 -4 =9

2.3.1.2Technical Setup

The Bucharest 5G Lab testbed is equipped with the latest generation of software and hardware solutions for 5G
New RadigNR) and 5G Core Network, including oenirce tools for ranitoring. Moreover, they include an
advanced programable network solution based on rgameration Data Centre IPFABRIC sliachagement and
Orchestration(MANG?) functions. The Cloud Native infrastructure provides both a Kubernetes and an Open-
Stack clustewith generous available resources and higieed networks (10/25GBps). Both testbeds support
dynamic orchestration of the network functions, dynamic slices implementation foruseds, 5G SA network
services intelligent connection to EDGE computing nod&BB (1500Mbps/150Mbps Downlink (DL)/ Uplink
(UL)) and URLLC with URLLC with <3msvagedelay using a spectrum of up to 100MHz in the N78 band. The
setup is suitable for intensive and capacity services, demanding use cases (eXtended Reality (XR&lfiytua
(VR)/Augmented Reality (AR), Digital Twin (M&hicle to Everythingv2X), etc.), as well as indoor or outdoor
environments.

hwhQa pD [0 (SaitdoSR Aa o6FaSR 2y @A NI dzZNbriStaiRong” S (i 4 2
(NSA) anétandalone (SA) variants. For tR8A variant, the 5G Labs are connected to the commercial LTE Core
Network.

The NSA Core architecture is based on(thdualised) Evolved Packet Cqr=PC) solution from Ericsson, de-
ployed in an OpenStack infrastructur®range laaS. The existing core architecture can support broadband con-
nectivity featuring configurable DL/UL throughput values up to ~1Gbps for DL and ~100Mbps for UL. For this
existing core architecture, the 5G services are manually configured, bydeslizgited QoS, traffic prioritization,
private APNs and network provisioned capabilities in terms of throughput, as the main service that can be served
is eMBB.

communication with UEs in its coverage area, known as a cell. A gNodeBeragghysical entity, such as a tower, or it may be a
virtual entity, such as a software defined radio (SDR). The deployment of gNodeB stations across urban and rural |dlndseapes i

the continued evolution of mobile networks from 4G LTE to 5G NR.tfRnsition not only provides improved speed and reliability

but alsofosters new opportunities in digital transformation across various sectors. Through the support of innovative applications
such as augmented reality AR), virtual reality (VR) andyepd S L2¢ ySdg2N]l ax Ib2RS. A& Ayaild NHzy
experiences. Moreover, gNodeB's capacity for fggbed data transmission and improved network coverage ensures that telecom-
Ydzy AOF GiA2ya Oy dai$SL) Llentabds and ihdiidtrial keyudexiBnits alteyippwets hefinbrizae&ibE pividers
with the tools needed for efficient mobility management, seamless handovers and proactive troubleshooting, all beindasritical
maintaining a superior user experience.

Infrastructure as a servicfaa$§ is a cloud computing service model where a cloud services vendor provides computing resources
such as storage, network, servers, and virtualization (which emulates computer hardware).

Caas (containers as a service) myasyou-go cloudbased service offering organisations a way to manage their virtualised applica-
tions, clusters and containers to make deployments faster and easier

Enhanced Data rates for GSM Evolution (EDGE) is a technology that significantly improvaesgtatasion speeds on GSM networks.

It's often referred to as "2.75G" because it sits between 2G and 3G. Alsarseag others https://www.3gpp.org/ftp/Specs/ar-
chive/50_series/B.059/

5G SA (Standalone) DNNs refer to Data Network Names used in 5G Standalone networks to identify and route traffic tespecific
work slices. These DNNs are crucial for enabling network slicing, which allows the network to be divided ine virtuibnetworks,

each tailored to specific use cases and performance requirements.

See:https://docs.ipfabric.io/main/overview/

31 Seehttps://www.etsi.org/deliver/etsi_gs/NFAWAN/001 099/001/01.01.01 60/gs NAWAN001v010101p.pdf

26

27

28

29

30
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The SA Core architecture uses the 5G SA CMU Core Network solution from Nokia, which ismuawirigalized
infrastructure in the Bucharest 5G Lab datacentre. Three main components are integrated, the Cloud Mobile
Gateway? (CMG), the Cloud Mobility Managé(CMM), and the Authentication and Policy Coritt¢APC).

The technical setup for theilot combined classroomeady XR tools with existing school infrastructure to enable
immersive educational sessions in realistic conditions.
The following components were used (d&gure 23:

1 ClassVR Headset®eployed to facilitate immersive learningperiences. Devices came preloaded with
educational modules aligned with the Romanian curriculum (e.g., biology, geographides23).

1 ClassVR PlatformmEnabled teachers to launch and manage XR sessions, monitor studegeeTegd,
and coordinate headset content in real time.

1 Wi-Fi Network (Commercial Operatorgchools operated on existing commercial broadband networks.
Connectivity tests were performed to ensure stability and bandwidth adequacy for XR usage in classroom
conditions.

1 Interactive Whiteboard: Used extensively during teacher training sessions for content presentation,
platform demonstration, and groupased interaction.

1 Laptops:Used by teachers to access the ClassVR portal, manage XR sessions, and corhpitdiran

and feedback forms.
P

l

)

Figure23 UGEDU1: ClassVR haihse containing the handsets for deliver the XR content

2.3.1.3Measurement and validation Tools

ORO/OROF validate the evolved version of the testbed and the performawuegioél solutions via experimen-
tation with the internal UEEDUL. ORO/OROF use #@ATH components for interoperability between testbeds
such as the ELCM and Portal interface.

2.3.2 Lab Testing and Showcasing
2.3.2.1Lab Test Orange 5G Lab Bucharestc®March 202%

The initial testing phase took place in a controlled environment at the Orange 5G Lab in Bucharest. This lab trial
was critical for prevalidating the technical readiness of the solution before field deployment. Activities included:

32 The Nokia Cloud Mobile Gateway (CN¥&¥orms gateway and related functions within the PacketeQdetwork It is built to address
the growth of enhanced mobile broadband and deliver new uRLLC connections, Internet of Things (loT) -tyeltoemunica-
tions (MTC), and 5G services.

33 The Nokia Cloud Mobility Manager (CMM) is a control plane fumati®GPP packet networks that provides the Access and Mobility
Management Function (AMF) in 5G networks, the Mobility Management Entity (MME) function in 4G networks as virtualized evolved
packet core, and the Serving GRPS Support Node (SGSN) fun2and 3G networks.

34 Authentication and Policy Control work together to manage and secure access to systems and data by first verifying a
user's identity (authentication) and then applying rules (policy) to determine what they are allowed to do.
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9 Infrastructure integation and validation of devices, XR platform and Digitaliada components.
1 Connectivity and performance measurement for XR streaming over B5G testbed.
1 Measurement of key Connectivity KPIs, such as latency, throughput, and stability during XR content
delivery.
1 Troubleshooting and refinement of the XR system architecture, ensuring compatibility with ClassVR
devices and teacher portal access.

These tests provided the baseline for system reliability and informed the setup configurations used in rural
schools.

The activities of thdn Lab Trialvere to demonstrate the ability of the 568G platform to support the use case
EDUL to be developed during the 6®&TH project, leveraging the capabilities of the Bucharest testbed.

Timeline;

1 March 10, 2025: planning.
1 March 11, 2025: preparation and lab testing.
1 March 1214, 2025: Technical Lab Testing.

The main goals of the In Lab Testing were:

T /2YLRaAAGAZY 2F hEDUXX&thelBGRATHFPRfomMt. Yy R ! /
1 Deployment of the UC components to the-8BTH platform.
i Tesing and validation of UEDU1.

Execution and Results
This lab testing was critical for pwalidating the technical readiness of the solution before field deployment.
Activities included:

1 Infrastructure integration and validation of devices, XR platfand Digitaliada components.

1 Connectivity and performance measurement for XR streaming over B5G testbed.

1 Measurement of key Connectivity KPIs, such as latency, throughput, and stability during XR content
delivery.

1 Troubleshooting and refinement of the XRstgm architecture, ensuring compatibility with ClassVR
devices and teacher portal access.

These tests provided the baseline for system reliability and informed the setup configurations used in rural
schools.
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KPI validation summary
Table4: UGEDUL: In Lab Testing KPIs results

Scenario KPIl name Description Target Result

1 Endto-end net- | This measurement is crucial for assessing the p{ <bms 6.2ms
work Latency formance and responsiveness of network conne Available
tions, especially in applicationke video stream- | to UE XR
ing, online gaming, and reime communications.| devices
1 User Equipment | UE to EDGE to Core bandwidth (aggregated) re, >50Gbps | 88 Mbps
(UE) to EDGE to| to the total available data transfer capity across | bandwidth
Core bandwidth | the entire communication path from the User available to
(aggregated.) Equipment (UE) to the EDGE (Evolved Packet [ the XR

Gateway) and then to the core network. platform
and UE
1 Nearzero Packet| Zero Packet Loss: any dgiackets traveling acros Minimal 0
Loss the network will fail to reach their intended desti; E2E packet

nation. Packet loss greater than 0 can negativel) loss.
impact network performance, leading to issues

like reduced data throughput, increased latency
and degraded quality of serviceach as voice call
or video streaming. It is typically expressed as a
percentage of packets lost relative to packets se

2.3.2.2Showcasing;, Digitaliada, Sinaia

At the Digitaliada event in SidgiORO and OROF organized a deditxt® workshop where participants expe-
rienced immersive educational content using ClassVR headsets. The demonstration showcased how virtual real-
ity can transform traditional lessonsaround 200 teachers and guests explored simulations such as anatomy,
histoh OF f fFYRYIFINJ &4 YR AYGSNIOGAGS IS2IANI LIKEX KAIKE
gagement and digital skill development (d&gure 23.

9

6G-Path

Figure24: UGEDU1: Showcasing Sinaig200 teachers event

35 The @ange Foundation, in collaboration with partners from the Digitaliada program, has hosted the National Digitaliada Seminar
from January 31, 202% February 2, 2025for 200 teachers at the Alexandrion Experience Hotel in Sinaia; this year's theme was
"Col F 62N} GA2Y F2NJ GKS ¢NIYaAF2NXIGA2Y 2F S5AIAGEHE 9RdzOl sz yé (2
had the opportunity to be engaged in interactive workshops with VR and ClassVR.
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Thishandson experience gave educators a concrete understanding of how XR tools can be integrated into the
curriculum, especially in underserved schools. The event also served as a space for discussion around training
needs, content relevance, and the broadele of immersive technology in inclusive education.

Activities Conducted

Immersive showcasing events held at both schools, combining kamdiaining with reflective discussions..
Teachers explored rich XR content on topics like:

1 Circulatory system

1 Anciet Egypt

9 Geographical formations

1 Physical education activities

1 Interactive AR anatomy via cube tokens.

Data Collection

Distributed and collectedtructured teacher questionnairefocused on:

9 Digital competencies
1 XR expectations
1 Training needs and perceivedability.

2.3.3 Performed Trials and Pilots
2.3.3.1Small trial Corbii Mari and Small trial Sita Buzaulachool

Smaliscale trials were conducted in Apkilay 2025 at two selected rural schools:
T i02Ft1 DAYYIl 105 NYo 2 Z2ANBLS Apri2adapiEésigure 25
T iO02Ffl DAYYITALFfN &b i0owmsnd Suniyigaviayd2025 {séEigure 26 dzI N dzf dzA

Key activities included:
1 Onsite verification of XR headsets and local netwiaftastructure (including Wi performance).
9 Introductory sessions for teachers with walkthroughs of the XR technologies and ClassVR environment.
9 Focus group discussions and interviews to gather esdge insights into perceived relevance and an-
ticipated challenges.

The main objective of this phase was to assess user acceptance, technical feasibility, and define training priorities
for the upcoming large trials.
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The small trials were structured as interactive focus group sessions combining guidessidisclive demonstra-

tion, and reflective dialogue. Each event brought together between 6 and 7 teachers from the host school and
its affiliated units, covering subjects such as physics, biology, Information and Communication Technology (ICT),
history, ard mathematics.

Figure26: UGEDUZ ¢, 3 EOA " (x@ddD TridIA9 NBaj 2025i |

Table5: UGEDUL: Small trial Education UC1: High level description
Objectives Gather qualitative feedback aligned with KVIs (Ease of Use, Engaigé&teevance)

Observe teacher reactions and comfort with immersive content

Identify training and content needs for largeale implementation of the Use Case

Participants 6 teachers per session
2 school administrative staff
2 Orange Foundation team memise

Format Semistructured focus group discussions
Realtime use of ClassVR headsets
Reflection on pedagogical integration and usability

Subjects Represente Physics, Biology, History and Mathematics
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Teachers expressed enthusiasm, curiosity, and a seingenden especially those who were testing XR for the
first time. Discussions highlighted the transformative potential of XR for engaging students, reduchuglanal
educational disparities, and deepening conceptual understanding through 3D visoaliaat interactivity.

Results:

The focus groups revealed a high level of openness among teachers, despite minimal prior exposure to XR. Teach-
ers recognized the transformative potential of immersive technologies in enhancing student engagement, con-
ceptual inderstanding, and classroom inclusiveregsrticularly in environments where traditional resources

are limited. The experiences also highlighted how XR could serve as a powerful equalizer, providing access to
virtual field trips and simulations that ruratudents might otherwise never experience.

However, the trials also exposed practical challenges that must be addressed before widespread deployment:
limited hardware availability, unstable network conditions, the need for clearer content curation, asitphy
discomfort during use. Teachers consistently emphasized the necessity for structured training and pedagogical
support to ensure effective integration into the curriculum.

2.3.3.2Large Trials Corbii Mari School and Sita Buzaului School

Pilot locations Corbi Mari Figure20 9 { A (| Figlzb 28dzt dzA 6 &S S

Target groupsTeachers, administrators and students (grade®)5

Implementation: 20252026

Goal:Demonstrate the educational value of XR in underserved environments through measurable indicators in
real classroom use.
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Aspartdthe 6Gt | ¢ 1 LINR 2S OGEDEM 3 aSdzyf RIAA |1 /h NI y 3 S-scalNtEals grkl | SR |
immersive training sessions at the primary school in Corbii Mari on May 16, 2025, and the second large trial in
Sita Buzaultid b A O2f I S  wdza Juhe 20850K22f 2y wMmc

Preparation & Stakeholders
Delivered and teste€lassVR headsetensured Wi=i connectivity and QBased access configuration.

The objectives:
1 Build foundational knowledge of XR technologies and their classroom applications.
9 Train teacher$o confidently use the ClassVR platform and manage immersive lessons.
1 Planning lessons using the ClassVR portal and XR content and validate pedagogical integration of XR in
real classroom settings.
1 Ensure safe, effective use of XR headsets and tools aokehvironments.
9 Assess the feasibility of scaling XR deployments in rural areas using B5G/6G connectivity
Finalized deliveries:
1 Training agenda.
9 The course design for the training.
1 ClassVR content selections.
9 Safety and classroom management protocols.
9 Bvaluation tools: questionnaires, feedback forms.
Stakeholders involved:
9 All 20 teachers per schoptovering subjects like physics, chemistry, biology, ICT, geography, sports, arts,
languages and historfrigure 29Figure 30.
School leadershigprindpals).
Trainers and facilitators fror®@ dzy’ R I { A land theGG#PATB project team (3 persons: Ovidiu Ana,
Carmen Lazar and Victoria Dumitru).
1 Local ICT support staff.

T
T

S\ W
Figure29: UCEDUL: Large trial, 16 May 2025, Corbiifvachool
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Figure30: UGEDU1: Teacher using“he ClassVR platform

The technical and pedagogical structure of the training was carefully planned to provide both foundational
knowledge and practical skills to the participatim@athers. The sessions were designed to support-lernyg
adoption of XR technology by aligning with national curriculum requirements and ensuring that teachers felt
confident and equipped to use immersive tools in the classroom.
Teachers were introducedatthe ClassVR platform, comprising staldne headsets, a synchronized classroom
control interface, and a library of curriculuadigned VR/AR experiences. The training covered:

1 XR fundamentals: definitions and classroom applications of VR, ARlieed Reality (MR).

1 Handson equipment usage: operating the headsets, using QR codes f&ii ¥étup, and syncing
content.
Lesson planning in the portal: creating playlists, previewing content, and aligning it with curriculum goals.
Classroom management tools: gidi (0 2 NA y 3 & ( dzR-8mejipaing@dsSahsi and glididgB | f
focus.

T
1

Training Components:
XR fundamentals and pedagogical useachers were introduced to the definitions and educational potential of
VR, AR, and MR. Examples were contextualizedniitle Romanian curriculum to demonstrate immediate rel-
evance. Also, during the training sessions, we contextualized the use of XR technologies by showing teachers
how immersive tools are already applied in various professions such as industrial maietemreanate technical
support, and healthcare. This helped teachers understand that introducing XR in the classroom is not just an
innovative teaching method, but also a way to prepare students for future careers where such technologies are
becoming increasigly standard.
Technical skills and equipment handling
9 Technical Product Manager from Fundatia Orange presents the technology use and setting up the
devices.
T 1SrRasSta 6SNB 0O2yySOiSR-Fiuging QR &deaddtergicaioRd O2 YY SND.
i Teachersdarned to scan QR codes for connecting handsets to the internet, to search for relevant XR
content, to start, and to pause lessons via the ClassVR control panel.

9 Troubleshooting protocols (e.g., headset freeze, battery alerts) were shared.

Lesson planningia the ClassVR Portal
1 Teachers explored the content library and learned to build lesson playlists.
1 They previewed modules in advance to assess relevance and cognitive load.
1 Sample sessions were designed for biology and geography, and aligned with @ffiéalum units.

Classroom management and student safety
9 Techniques to monitor and guide student headset use in real time.
T 'aS 2F GKS daLIdzaS |ffé¢ FdzyQuAazy G2 YIAYyUlAy O2y
9 Safe usage protocols: Hygiene procedures, sessianliinits, managing sensory discomfort.
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Observations and outcomes:
9 Teachers were able to set up and manage XR sessions with minimal assistance after initial guidance.
1 The trainingbuilt confidence and sparked concrete ideas for classroom application.
1 Teaclers appreciated the structured planning tools and saw clear links to curriculum requirements.

Next steps identified:
91 Develop localized training guides in Romanian.
91 Define standard classroom procedures for rotating students through limited headset sets.
1 Propose content review mechanisms to ensure pedagogical alignment and age suitability.

2.3.3.3 Validated Scenarios

Preparation Phase

Delivered and configure@lassVR headsetsicluding charging, Wi access point setup, and device testing.
Developed thdrial agenda, interview templates, and FGD guides.

Finalizedteacher training handoutsand preimplementation evaluation instruments (questionnaires and
checklists).

Activities Conducted
Carried out arinitial school visitto assess infrastructure readiness ansadiss expectations and constraints with
the principal.
I. Organized &ocus group discussiowith teachers to gather qualitative insights on:
1 XR needs in the classroom.
91 Perceived relevance of immersive technologies.
9 Training and support requirements.
Il. Second visit in schools delivereth@adson demonstration sessionduring which teachers:
I Tested XR equipment using ClassVR.
1 Explored educational VR content aligned with curriculum themes.
9 Practiced launching and navigating the XR lessons.

Data Collecton
Distributed and collected structuregacher questionnaire®n:

9 Digital literacy and competencies.

1 Expectations for XR integration.

1 Confidence levels and training needs.

1 Documented insights frorsemistructured interviewsand focus groups.
Collected rektime feedback on:

1 Perceived ease of use.

1 Suggested improvements to training and content delivery.

Data Collected
1 Aggregated and anonymized results fre@acher questionnaires;
9 Transcripts and notefrom the Focus group discussion and Interviews.
Photos and visual documentatiofrom:
1 Device setup.
i Teacher interaction with XR content.
1 Group demonstrations and discussions.
Key Findings
f Teachers demonstratetigh interest and enthusiasif 2 NJ - wQa LR GSyadArt G2 AYLM
and make abstract taps¢ especially irscience and geographymore tangible.
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1 Identified usability barriers including the learning curve of the platform and time required for lesson
planning.

1 Teachers showestrong willingness to adopt Xk classroom practice, provided agigate training and
curriculum alignment are ensured.

2.3.4 KPIs and KVIs validation results summary
Key Performance Indicators
The KPIs obtained are displayedable 6

Table6: UGEDUL: KPIs summary

KPI Name Target Result

NetworkLatency Maintain latency under 50ms for hea( ~45ms (observed)
set content synchronization

Session Uptime Ensure consistent connectivity >95% uptime
throughout XR session

Device Sync Rate Successful synchronization of all hea) 90¢95% sync success
sets with teacher interface

Setup Time Time required to set up and launch X| 10¢15 minutes
session

XR Session Duration Safe and effective session duration p| 5¢7 minutes
group

Wi-Fi Performance (Band- Minimum bandwidth needed for Stable at-10 Mbps per device

width) smooth operation

Key Value Indicators

To validate KVIs, Fundatia Orange implemented a mixethod approach during trials. The methodology com-
bined:

1 Preimplementation teacher questionnaires, including Likecalé® and openrended question¥ to
assess familiarity with XR, usability, and pedagogical relevance.

f Two inperson focus groupsessiscl G / 2 NDAA al NRA | gdlowpdidithe colldetioN dzf dzA
of qualitative feedback aligned with KVIs such as equity, engagement, and ease of use.

1 Handson XR demonstrations provided rdahe observation and triangulated the results from
guestionnaires and group discussions.

1 Continuous feedback loops and observational data during teacher interactions with the system.

In the medium and long term, the validation process will continue through-ipdstvention questionnaires,
following classrom implementation with students follow-up interviews, and comparative analyses against the
established baselines. Additionally, some of the quantitative indicators (such as student retention rates, class-
room participation, and reduction of operationalste) will be monitored through administrative data and direct
classroom observatiomable 7provides a summary of the KVI results.

36 A Likert scale ia rating scale used to nasure survey participants' opinions, attitudes, motivations, and mtreses a range of
answer options ranging from one extreme attitude to another, sometimes including a moderate or neutral option. How&vér, 4
point scales are the most popular.

37 An openended question is a question that cannot be answered with a "yes" or "no" response, or with a static responsen@ggen
questions are phrased as a statement which requires a longer answer. They can be compared terzleseguestions which de-
may R I a&Saékayz2é 2NJ A&K2NI FyasgSN®
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KVI Name Target Result
Ease of Use Teachers perceive XR setup and | 80¢c /%7

Table7: UGEDUL: KVI summary

N} SR aSidz

control as intuitive

Engagement & Motivation XR perceived to increase student | Strong agreement in 95% of re-

engagement and curiosity sponses

Pedagogical Relevance Content aligned with learning ob- | 85% raS R a D22 Ré¢ 2 NJ
jectives and curriculum

Inclusiveness XR helps bridge urbamiral educa- | Repeatedly validated in focus grouy
tion gaps

Willingness to Reuse Teachers open to future XR use i 100% expressed willingness
class

Student Safety & Comfort Safe experience, mimal discom- | Discomfort rare; <10% reported

fort reported

Digital Competence Develop-| Teachers and students improve di| Positive qualitative validation
ment

ital skills through XR

The first impressions of teache[\s after testing were very positive. They ldeddhe technology as innovativg
and interestingt + SNB SEOAGSR® 9y (G KdzaAlIaGAO0O®d LT SQNBHSEOAG S
tory teacher), and they believe it will attract students. The teachers themselves expressed enthusiasm.

T

Captuing attention and increasing motivation: XR makes lessons much more interactive and engaging

for students, taking them out of the daily classroom environment. It motivates them and sparks their
curiosity to seek information and delve deeper into topics.

Learning through experimentation and play: Students learn through direct experience and play, feeling

as though they are playing while absorbing knowledge.

Improved understanding: Presenting information in a thoemensional and immersive way helps
studentsbetter understand and retain concepts, especially those that are abstract or hard to visualize
otherwise (e.g., the heart, the cell, physical/geographical phenomena).

Development of digital skills: Using VR devices and the platform contributes to thiepenent of digital

skills among both students and teachers.

Reducing disparities: By providing access to cuiitge technology in rural areas, XR can help reduce

the gap with urban environments, raising the overall level of schools and studehts/ lorig Ku§, even

GKFG AYFSNAZ2NAGEe O2YLX SE | 0 2 daistory tBakherd StlidNdsYh rufak S Oz
areas, who have fewer opportunities to visit museums or historical/geographical sites in real life, can
now have those experiences tually.

Reducing absenteeism and preparing for the future: Engaging lessons can attract students to school and
better prepare them for future stages of education by familiarizing them with technofogy.® ® | y R { K
GKSe 42y Qi o0l O1 I 2lye Xi KBK INRPyAY T2 2410 NJPd2 ¥ 26> a
GKAAZ LQ@S YySOSNI dzaSR AU0dQ ¢KS&QNEB | (natdacher). FI YA i
This can help reduce school dropout rates, especially in satellite school structures.

Cost and time savings: XR can replace the need to purchase expensive models or materials for
experiments (e.g., chemistry, biologg)/ dzZNNBy Gf &z ¢S 2yfé& KI @S Y2RSf a
S OFy dzaS GKSY 7F2N SO®MNEs téadrere I8aBd reducés tRedirNg néeSedll NJi
to prepare physical experiments. It enables virtual field trips at much lower costs, with participation from

all students regardless of financial background. Digital content can also be updated more easily than
physical teaching materials.

Classroom management: VR experiences can help maintain student attention and focus during activities,
reducing noise and distractions typical of traditional experiments.
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2.3.5 Lessons Learnt
Key Observations & Outcomes

Teachers adapd quickly and were able to independently manage XR sessions. Identified strong curriculum
FfAIYYSYyid FyR OflFraaNR2yY NBfS@OIyOoOSed ¢KSe |tftaz2 NBO23y
1 Boosting engagement.
1 Making abstract topics more accessible.
1 Bridging ruralurban gaps.
Enthusiasm for continued use was high, conditional on further training and content availability.
The UCGEDUL1 pilot offered key insights into how XR technologies can be introduced and scaled in rural educa-
tion. The combinationfoismall exploratory trials and a large, structured training session helped identify both the
strengths and limitations of XR integration in readrld school settings.
Teachers show strong openness, but require ongoing support
Although most teachers had wer used XR before, they quickly engaged with the technology and expressed
enthusiasm for its potential. However, successful lemgn adoption depends on continued access to pedagog-
ical training, technical assistance, and locally adapted instructiondégin Romanian.
XR enhances student engagement and understanding
Teachers consistently reported that XR helped students focus and understand difficult topics more easily, espe-
cially in science and geography. The immersive nature of the lessons creategestcognitive and emotional
connections compared to traditional teaching methods.
Existing infrastructure works, but needs reinforcement
The commercial Wi networks used during the trials generally supported XR use, but occasional signal drops
and conent loading delays highlighted the need for more stable and optimized network sesupsh as dedi-
cated access points or pached content for offline use.
Managing XR in the classroom requires new practices
XR introduces new classroom dynamics. Teachersdfit helpful to use the ClassVR management tools, such as
reaktime monitoring and session pausing. However, they also noted the need for clearer protocols on headset
rotation, student supervision, and maintaining engagement when only part of theislasing the technology
at a time.
Device limitations affect scalability
The limited number of headsets per school restricted how many students could participate at once. This affected
the flow and continuity of lessons. Schools will either need more dswic creative lesson structures to rotate
students efficiently without disrupting learning objectives.
Physical discomfort needs to be addressed
A few students reported mild discomfort while using the headsetspecially those wearing glasses. To miga
this, sessions should remain short{5ninutes), and teachers should be prepared to adapt based on student
needs and feedback.
Linking XR to realvorld careers strengthens teacher motivation
Demonstrating how XR is already used in industries likeiamiehdustrial maintenance, and healthcare helped
teachers understand its relevance beyond education. This perspective reinforced the importance of preparing
students for future digital careers and increased teacher interest in continuing wittaX&l teaching.
Gaps in curriculum coverage need to be filled
While the existing content library includes valuable material on science and geography, several subjects from the
Romanian national curriculum such as language and literature, civic education, antbiyig; are missing or
underdeveloped. Teachers emphasized the need for local, curricaligmed XR content to ensure full integra-
tion into regular lesson planning.

PATH Page |52




D.4.1 Verticals Experimenténitial

2.4 UGEDU2 ¢ Classroom of the Future

This use case focuses on investigating the potentixlFotechnologies especially AR in enhancing teaching and
learning experiences in higher education. Specifically, the study focuses on the application of XR in understanding
complex networking systems, such as 5G and beyond, which are often challengiaghcand learn using tra-
ditional methods. The use case aligns with the broader goal of fostering the development and integration of
innovative tools and products leveraging XR and 5G/6G technologies. By exploring the benefits and challenges
of XR in educain, the study seeks to contribute to the creation of improved educational tools and methodolo-
gies that can be adopted across UK and European universities.

2.4.1 Setup and Validation Tools

The setup of the preliminary tests of this -ARsed use case were conded through a collaboration between
LeicesterUniversity (ULE), focusing on the-Bé&sed use case, and ASTON, focusing on the underlying test bed
infrastructure. The topological information was gathered from the 5G and beyond-ten#it infrastructure

test bed located at ASTON.

This infrastructure is composed of one computer in the core network, and one computer in each of the two edge
networks. At both edges, there are two Universal Software Radio Peripheral (USRP) B210 Software Defined Ra-
dio® (SDR) Digbuted Units (DU)s to allow connecting 5G User Equipment (UE) such as 5G mobile phones. Each
SDR DU has an antenna operating at Band7 with a duplexer. The core and edges are connected through a switch
to create a complete data path. The infrastructurenianaged by OpenStack. Two different tenants of the infra-
structure are deployed. Each of the tenants has a set of Virtual Machines (VM) in the core network and one
container in each of the edges. K¢ dnd LX¢ were used for this purpose. Each tenant rurge@Airinterface

(OAl) and Mosaic5&as the 5G Radio Access Network (RAN) and edge network. The SDR was configured to use
2x2 MIMO and to broadcast the network, via Public Land Mobile Network (PLMN) broadcast, for the tenant
network it belongs to.

Microsoft HoloLens# version 2 was explored as the end user AR device, together with Unity, for the prototype

of the ARbased use case. Various components have been developed to allow the visualisation of the 5G infra-
structure and run tests to validate the KPIsidetl in D2.1.

2.4.2 Lab Testing and Showcasing

The lab testing and showcasing activities targets to visualise a complex 5G and beyond network infrastructure,
including key technologies such as virtualisation and aeftancy (for multiple virtual network opators), and

key stakeholders such as Infrastructure Service Provider (ISP) and Infrastructure Service Consumer (ISC). In suct
an infrastructure as shown Figure 31two levels of network infrastructure are illustrated to represent a typical

5G and beyondnulti-tenant network topology, with essential components located in both physical and virtual
overlay network infrastructures respectively. The lower part is the Physical Network infrastructure comprising
physical network devices. Multiple 5G users actleissphysical network by connecting to the DUs using the 5G
terminology in the Radio Access Network (RAN). Multiple DUs are then connected to a pool of Central Units (CUs)

38 Also seeamong othershttps://www.ettus.com/all-products/ub210kit/

39 Kernelbased Virtual Machine (KVM) is a free and openrce virtualization techslogy built into the Linux kernel. It allows Linux to
function as a hypervisor, enabling the running of multiple isolated virtual machines (VMs) on a single physical sergea. ¢ov i
component of many virtualization platforms and cloud environments.

40 Linux Containers (LXC) is an operating systeml virtualization method for running multiple isolated Linux systems (containers) on

a control host using a single Linux kernel.

Established in 2016, Mosaic5G is a4poafit initiative fostering a commity of industrial as well as academic contributors for open

source software development to realize an agile ddtiwen 5G service delivery platform. For further details see:

https://gitlab.eurecom.frinosaic5g

42 Microsoft HoloLens 2 is a selbntained holographic computer that enables mixed reality experiences, allowing users to interact with
digital objects overlaid onto the real world. It's designed for both consumer and enterprise use, witlsafoenhancing productivity
and collaboration in various industries. Also se®ong othershttps://learn.microsoft.com/enus/hololens/

41
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at the same edge of the network using a Cl&R&AN deployment and following the Mu#ccess/Mobile Edge
Computing (MEC) paradigm. Multiple edges are further connected to the core network. This physical infrastruc-
ture runs a cloud stack that allows metinant isolation of the physical resources through virtualisation. The
upper part isthe Virtual Network infrastructure consisting of virtual network devices using virtual machines,
containers and/or namespaces, depending on the virtualisation technology employed. Henceforth all of them
will be referred indistinctly as Virtual Machines (8)Mven though they are a mix of these technologies for brev-

ity.

The logical components of the 5G and beyond network run inside of the physical machines and each logical
component belongs to a particular tenant of the network. As shown in the figure,hgsijoin both physical and

virtual networks. They are software switches such as Linux Bffdge®pen vSwitcH, which allow the enforce-

ment of the tenant isolation between VMs. VMs are depicted in different colours to indicate the ownership of
them. VMs & deployed on edge physical machines and others deployed in Core physical machines. This extends
multi-tenancy support to the edge of the network, creating a MEC infrastructure. In the figure, there are two
different tenants sharing the same physical asfiructure. The tenant network is represented as a conceptual
GOANIdzE £ KdzobX 6KAOK NBLINBaASyida (KS LISNOSLIAZ2Yy 27F
belong to the same tenant. This architecture allows every tenant to share the samealhipfiastructure to
KFE®S AGa 26y Aaz2fl GSR yStig2N] ® { dzOK G @ANIdzr £ Kdzob )
sible LAN (VXLAN and Generic Routing Encapsulation (Rtetwork encapsulation technologies.
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Figure31 UGEDU2: Virtualized and muHienant 5G and beyond network infrastructure

2.4.3 Performed Trials and Pilots

Labbased initial trials have been conducted to validate the prototype of thév@ded visualisation of the com-
plex virtual multitenant 5Gnetwork infrastructure described abovEigure 3Z%hows a screenshot of the imple-
mented visualisation of the 5G infrastructure.

A Linux bridge ia software component in the Linukernel that allows for the creation of a network bridgé network bridge is a
connection between two or more network interfaces that enables them to operate as a single network segment.

Open vSwitch is a production quality, multilayer virtual switcarised under the open source Apache 2.0 licensé designed to
enable massive network automation through programmatic extension, while still supporting standard management interfaces and
protocols. For further information also settps://www.openvswitch.org/

VXLAN, or Virtual Extensible LAN, is a network virtualization technology that extends Layer 2 network segments ovativayks 3 n

It allows for greater scalability and flexibility in virtizad environments, like data centers and cloud computing, by encapsulating
Layer 2 Ethernet frames within Layer 4 UDP packets.

GRE is a protocol for wrapping data packets inside secondary data packeter to set up a direct poirtb-point (P2P) nevork
connection. Also sedor example https://en.wikipedia.org/wiki/Network Virtualization_using_Generic_Routing_Encapsulation

44
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Figure32 UGEDU2: Screenshot of ARased visualisation of a mutnant 5G infrastructure

Figure33 UGEDU2: Inside of an edge physical machine (ISP view)

When an eneliser (e.g., a teaching staff or a student) clicks on any of the machines in the 5G infrastructure, it is
opened in order to show the complex datathavailable inside of it. For exampleigure 3%eveals the inside

of an opened physical machine at an edge to unveil the complexity of the software data path available inside,
from the view of an ISP.

2.4.4 KPIs and KVIs Validation Results Summary

Both KPIsnd KVIs have been defined in D2.1. So far, the KPIs have been validated and collected-iveibedlab
trials presented above, and the current results are reportetiahle 8 Meanwhile, the KVIs need to be validated

in user studies involving teaching ftand students. Such user studies have been planned for the cohorts starting
in September 2025 to have a significant number of students, which are not available until #i#e 9SSumma-

rises the current KVIs validation status (To do) for completeness.

Table8: UGEDU2: KPIs validation results

Objecive Current Resus

Newly devel- Develop new XR teaching and 1 (lecture notes
oped XR app learning materials. >=2 for teaching)g
ongoing

Visualised Number d supported net-

>= .
devices worked devices visualised in th 1000 256¢ ongoing
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same topology in the subject dc
main (5G and beyond).
Visualised Number of supported connec-
connections tions among devices visualised
in the same topology in the sub
ject domain (5G and lyand).
Key techno- Number of visualised key tech- . : . 3 - Achieved:
. . . . >=3 (e.g., virtual machines, muién- :
logical con-  nological concepts in the subjec . e virtual ma-
. . . ancy, which would be difficult to ex- . )
cept visuali- domain (5G and beyond). R S chines, mult
. plain without XRbased visalisation).
sation tenancy, OVS
Key business Number of visualised key busi- >= 2 (e.qg., Infrastructure Service Pro
scenario vis- ness roles and scenarios (visue vider and Consumer and business s¢
ualisation representation) in the subject  narios, which would be difficult to ex-
domain (5G and beyond). plain without XRbased visualisation).

>=2000 512¢ ongoing

1 (Infrastructure
Service Pro-
vider) ¢ ongoing

Table9: UGEDU2: KVIs validation status

Objeciive Curent Result

Perceived useful-  High perceived usefulness ratio for teact

. . . >=70% To do
ness ing and learning experience.
Student satisfaction High satisfaction rate from the students. >=70% To do
Academic perfor- High stl_Jdent performance vs. the perf_or- >=20% (compared
mance mance in a control group (understanding odo

the complicated 5G and beyond topolog) with a control group)

2.4.5 Lessons Learnt

The following summarises the main lessons learned at this stage of the use case:

1 One cannot underestimate the ditfilties in visualising a complex virtualised and reltiant 5G net-

work infrastructure, especially due to the complexity associated to the software data path and the usage

of virtualisation and containerisation.

The rendering and the generation of a laiggale 5G network topology layout has been challenging.

The main benefits at this stage of using the 5G infrastructure testbed has been the collection of realistic

5G topological information including both the physical and virtual domains, which woulthbeadse

difficult to obtain.

1 The decoupling of the underlying 5G infrastructure testbed and thdased use case itself and the
emulation approach based on poollected topological information have allowed the R&D in parallel
between the two collaboratig partners involved in this use case.

1 The main pain points at this stage include the ongoing integration of the use case and the 5G infrastruc-
ture testbed, together with 66®ATH components.

I The main limitations at this stage are lack of trials involving-esers, due to the lack of sufficient
students to be involved and thus the trials have to be scheduled to September 2025 onward when the
new term starts in the universities involved in this use case.

= =
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2.5 UGEDU3 ¢ XR health training

The use case focuses enhancing the training of prBospital nurses. Practical training in simulated environ-
ments with manikins is an important part of their education but is currently confined to a fixed classroom loca-
tion. In this use case, we propose moving the manikin fitsnfixed classroom to locations that create more
authentic medical scenarios, such as inside an ambulance. This would allow the manikin to be remotely con-
trolled and enable prdnospital nursing students to participate virtually in remote, simulated aoumbulance
scenarios in an immersive manner. The main KVIs for the use case include how the students rate enhancements
in learning, flexibility, and ease of use of the system.

2.5.1 Setup and Validation Tools

The technical setup for all trials were similatith some small variations. The below description refers to the
main trial performed with students.

2.5.1.1 Infrastructure setup

The 6GPATH ELCM component was used to deploy a Kubernetéstpatimonitors the 5G network status at

the Cradlepoint located at theanikin site, as shown Figure 34 All the collected information was then pushed

to InfluxDB2 at the end of the experiment. During the experiment, the Cradlepoint at the manikin site was con-

nected to the outdoor site using band n78. The trainingandichi2 f aA GSa 6SNBE 02y y¥SOiGSR
Fi (eduroarff).

Control Site

f Layer 2 bridge
— (Control NUC) MIFL
Jabra MIC (manikin audic) usEA B s Wireguard Server
(elem/k8s manager)

Manikin Site

Head Mount Camera

WIFL
56 y
Ethernet

56 Router (Cradlepoint)

SBL- UE1 WIFL-

35 360 Camera Outside
{on Tripod)

USBEC

35 360 Camera Ambulance
(In Ambulance)

ol

Training Site

Jabra Speaker ;
Nurse/Manikin WIFI

360 Ambulance Moniter

Figure34: UCEDU3: Technical setup for the Education UC3 trials and pilots

47 A Pod(as in apod of whales or pea pod) is a group of one or more containers, with shared storage and network resources, and a
specification for how to run the containers. A Pod's contents are alwajecated and cescheduled, and run in a shared context.

48 Theeduroam (educationroaming) is an international Hi internet access roaming service for users in research, higher education
and further education. It provides researchers, teachers, and students network access when visiting an institution ottteithan
own. For more details also semnong othershttps://en.wikipedia.org/wiki/Eduroam
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2.5.1.2 Technical Setup

The technical setup is divided into video streaming and manikirrabnt

Video streaming

Three parallel video streams were provided using the RedZinc infrastructure. Three UEs (phones) were involved:
one connected to a heachounted camera, the second streaming 8B ANBE S GA RS2 2F GKS Y
and the third steaming the immediate surroundings of the ambulance. The remote controller or students could
view all streams simultaneously in a web browser using the BlueyeNidé@structure. Tweway audio was

available for all streams; however, only one audio clenvas used during the trial.

Manikin-control

The manikin and its control software locate each other using Multicast Domain Name SystemXdistiskery
messages. Both the manikin and the control application must therefore be on the same LAN segntést. If
manikin is remote, it is not possible to transfer these discovery messages over the internet. To address this, two
Linux nodes are usedone connected to the manikin and the other to the control Personal Computer¢(PC)
creating a Layer 2 tunnel betweehe two over the internet, enabling the mDNS discovery messages to be trans-
mitted. At the manikin site, a Cradlepoint router connected via 5G acts as an access point for the Linux machine
(NUC). The same Cradlepoint also provides internet access tadih@streaming UEs over 5G. At the control

site, the second NUC connects viaFVor Ethernet for internet connectivity. Traffic between the two NUCs is
sent over WireGuard, with the WireGuard server creating an overlay network for direct communicatiem-an
abling the formation of a Layer 2 tunnel (via Generic Routing Encapsul&ieE Tap) for mDNS traffic.

Measurement and validation Tools

To evaluate latency, a Kubernetes pod was deployed via ELCM to the manikin NUCQnies®ttControl Mes-

sage Protocot® (ICMP) messages for 30 seconds, and the results were collected by ELCM and pushed to In-
fluxDB2.

To assess video quality, the Video Spafeinporal Feature Aggregati{VSFA) method was employed. VSFA

is a deep learningpased architecture deghed for nereference subjective video quality evaluation. It utilises
spatial and temporal feature aggregation to predict hungsiceived video quality on the Mean Opinion Score
(MOS) scale, ranging from 1 to 5.

2.5.2 Lab Testing and Showcasing

Two lab test@nd a number of showcasing activities have been performed as detailed below.

49 Blueye.video provides infrastructure for live video streaming from underwater drones, enabling remote coltaaradi decision
making during inspections. Their technology allows for sharing live footage with experts and stakeholders through pledo@Ss |
and Android devices, reducing the need for travel and facilitatingthea collaboration. For further imffmation also seeamong
others https://www.blueyerobotics.com/

50 Cheshire, S., & Krochmal, 2013).Multicast DNS (mDNSXFC 6762)nternet Engineering Task Force, Standards Track, February
2013. Aso see:https://datatracker.ietf.org/doc/html/rfc6762

51 Multicast DNS (mDNS) is a computer networking protocol that resolves hostnames to IP addresses within small networkstthat do
include a local name server. It is a zemnfiguration service, using essentially the same programming interfaces, packet formats and
operating semantics as unicast Domain Name System (DNS). For further in formation ablma®g,others https://en.wikipe-
dia.org/wiki/Multicast DNS

52 Farinacci, D., Hanks, S., Li, T., & Train@0R0).Generic Routing Encapsulation (GREEC 2784). Internet Engineering Task Force,
Standards Track, March 2008iso seehttps://www.rfc-editor.org/rfc/rfc2784.html

53 Postel, J(1981).Internet Control Message Protod®FC 792). Internet Engineering Task Force, Standards Track, September 1981.
Al seehttps://datatracker.ietf.org/doc/html/rfc792

54 For further information seeamong othersC. Xu, J. Zhang, M. Wang, G. Tian and Y. Liu (2022): Multilevel Bpapatal Feature
Aggegation for Video Object DetectiolEEE Transactions on Circuits and Systems for Video Techxol@g; no.11, pp. 7808320,
Nov. 2022, doi: 10.1109/TCSVT.2022.3183646.
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2.5.2.1 Lab trial with staff from Computer Science, March 6, 2025, at KAU

The aim of the first lab trial was to test all components of the use case with a small group of participants (fiv
individuals) from computer science (CS). This included disconnecting the manikin from its wired connection, con-
necting it over 5G, and controlling it remotely; executing a medical scenario on the manikin that was captured
using both a hea@inounted cameraand a 366degree camera; enabling a group of participants to follow the
scenario remotely; and collecting a set of KVIs and KPIs. The KPI and KVI collection aimed to test the question-
naires and the gathering of technical metrics, obtain an initial inthoadf how the system was perceived, and

collect input on potential improvements to the setup of both the system and the tii&ls.execution of the trial

was structured along the following steps:

The required technical infrastructure and other componen&se set up.

Upon arrival, trial participants were given a brief general introduction to the use case and the setup. The
steps involved in the trial were outlined, and the specific scenario in which they would participate
remotely was presented. The scedepicted an ambulance nurse arriving at the home of a patient who
had called in, reporting abdominal pains.

9 Participants then observed the scenario, in which the ambulance nurse interacted with and examined
the patient, concluding with the decision to trgport the patient to hospital for further treatment.
Participants completed a questionnaire related to the use case KVIs.

A short focus group discussion was held to gather additional feedback.

Participants were thanked for their involvement and invitedview the technical setup behind the
scenes.

T
1

= =4 =

During the trial, network metadata was captured and logged in InfluxDB. Additionally, benchmarking measure-
ments were conducted in connection with the trial (but not during it) to capture relevant network Kig S
pictures from the trial are displayed gure 35, Figure 3hdFigure 37 The KPI and KVI results are summarized

in section2.5.4.

= VErE' pFen"

Figure35‘:- UGEDUS: }hote Training Site: Trial parﬁcipns observe the live strieam the medical trainin site, with
the top monitor displaying the 360+ YSNJ} FTSSR FyR G(KS 06200G2Y Y2yAl2NI aK2gAYy
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Figure37: UGEDU3: Medical Training Site: The nurse, wearing an overhead camera, interacts with the mannequin while
the camera streams the session live. Additionally, the entire scene is streamed bylad@#®@ camerant visible in the
picture).

2.5.2.2 Technical audio/video lab trial, March 25, 2025, at KAU

The aim of the second lab trial was to determine the optimal setup for the video and audio feeds from the am-
bulance during trials. This additional trial was organisecebam lessons learned from the smaller trial with
nursing science teachers (see Secdn4.1), during which issues were encountered with the video and audio
configuration. In addition, experiments were conducted to identify the most effective proceduséart the
manikin in case it needs to be restarted during trials. The execution of the trial was structured into three parts:

1 Part 1¢ Video configuration The first stage focused on the video feed from the ambulance, particularly the
placement of the 80-degree camera. Several positions and methods of securing the camera were tested. It
was concluded that the optimal position was attached to the ceiling of the ambulance, approximately one
third of the way inside. This stage was carried out without trenikin, as only the ambulance video feed
was required. For convenience, one of the experimenters acted as the patient, allowing for flexibility in
moving the camera as needed.

1 Part 2¢ Audio configuration:In the second stage, the manikin was placed instsal location, and different
audio settings were tested. In general, audio could be sourced from three devices: the manikin itself, the
phone associated with the headounted camera, and the phone associated with the-8&8@ree camera.

After testing vamus configurations, the optimal setup for the acting nurse was determined to be the phone
connected to the heaginounted camera. For the manikin operator (acting as the patient), a dedicated
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microphone was selected. Audio could be heard clearly both bydtiag nurse and at the remote training
site.

9 Part 3¢ System restart procedurerhe final stage focused on optimising the system ati@rprocess in case
the manikin required a restart. In the previous smaller trial, the manikin had to be restarted, prioiced
to be timeconsuming. The experiments demonstrated that the sequence in which the various system
components are connected after a restart is critical to achieving a quick and reliablestart

Some pictures from the trial are displayedHigure 8, Figure 39 and Figure 480 KPIs or KVIs were collected
during this trial.

\““

attachment methads

>~

Figure40: UGEDUS3: Testing of \'/ari‘aUé camera positions énd
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2.5.2.3 Showcasing activities

The trial activities have been showcased on multiple occasions. Early on, prior to the latthigiaanikin was
demonstrated to participants from industry and academia at a national project meeting on 21 November 2024.
Approximately 2630 people attended this demonstration. A film crew recorded footage during one of the trials,
andavideohassuBslj dzZSy Gt & 0SSy LINPRddzOSR FyR LldzofAaKSR 2y (K
Results from the trial, along with the video, were also presented at the European CongressHaospitalEmer-

gency Car@ (EMS 2025) held from 2 to 4 June 2025, and at the SwedisanidhComputer Networking and

Cloud Computing Worksh&p(SNCNW 2025) on 10 and 11 June 2025. Additionally, the video was featured at
the 6GPATH booth during the EUCNC & 6G Summit, which took place from 3 to 6 June 2025. Photographs were
taken during alltials, and the events were promoted via LinkedIn. Some pictures from the showcasing events
are displayed ifrigure 41, Figure 42, Figure 43 FiguraddFigure 45

\ ——— St S——, — I
Figure41l: UGEDUS3: November 2024 demo at national projesbrkshop.

Figure42: UGEDUS: Poster presentation of the use case and trials at EMS 2025.

55 For further details seéttps://www.emscongress2025.org/
56 For further details seénttps://www.sncnw.se/2025/

PATH Page |62



https://www.emscongress2025.org/
https://www.sncnw.se/2025/

D.4.1 Verticals Experimentsnitial

soluti

redicl Tr3)

2 uninzd lotazon - sisulate realls
Iy 1o take part in the simuizted scena

, W SouRCE
- .‘; onz & o
te = B e D

wew  CSIC HHAGTAL 4

—

Figure44: UGEDUS: Use case demo at EUCNC & 6G Summit,“2025.

Anna Brunstrom - You
Professor at Karlstad University and Distinguished Researcher at University of ...
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More testing for the 6G-PATH project. Today focused on how to best capture video
and audio from within the ambulance when connecting it over #5G.

DISCO - Distributed Intelligent Systems & Communications Research Group
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Figure45: UGEDUS3: LinkedIn post from the technical audio/video lab trial.
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2.5.3 Performed Trials and Pilots

Two trials have been performed as detailed bel®Wwetrials aimed to validate both the technical aspects related
to remote control of the manikin and capturing the medical scenarios with audio and multiple video feeds as
well as the perception of the enhanced training opportunities by the trial participants.

2.5.3.1 Trial with staff from Nursing Science, March 13, 2025, at KAU

The aim of the first small trial with staff from nursing science was to test all parts of the use case with a small
group of nursing participants (three persons). Compared to the lab trialviimgocomputer science staff, the
manikin was moved outside the classroom and placed inside an ambulance, where it was connected via 5G and
controlled remotely. Two medical scenarios were executed with the manikin during this trial. Similar to the lab
trial, the scenarios were captured using both a h@aolunted camera and a 3éfegree camera. The nursing
participants followed the scenarios remotely. In addition to the KVIs collected during the lab trial, the learning
experience from the medical scenariossaalso evaluated. A similar set of KPIs as in the lab trial was collected.

The trial execution and data gathering are described below. The trial was structured as follows:

9 The required technical infrastructure and other components were set up.

1 Upon arrial, the participants received a brief general introduction to the use case and the setup. The
steps involved in the trial were then explained.

1 Following the introduction, the first medical scenario was presented. The scene involved a patient with
Chronic @structive Pulmonary Diseag€OPD) and heart failure being treated for a suspected urinary
0N OG0 AYyTFSOGA2y 6AGK2dzi AYLINROSYSYyldd LYyFSOlAzy
worsening. The patient was loaded into the ambulance oneidter, experiencing dizziness and nausea
and was given a vomiting bag. The patient denied pain and had @mrdenous)drip. After loading,
nausea and vomiting increased, and the intubation loosened.

1 The participants then viewed the first scenario amnpleted a survey assessing how well the scenario
supported various aspects of the learning process.

1 The second medical scenario was introduced. It involved a patient who collapsed outside his home while
walking with his wife, appearing to have a shoeizsire. The wife reported that the patient had
previously suffered a heart attack and was on medication, with no known allergies. He was a former
smoker who quit about ten years ago and had recently recovered from a cold. The patient seemed to be
waking upbut was not communicative. During loading into the ambulance, the patient exhibited what
was perceived as a seizure lasting approximately five seconds before becoming unconscious. These were
actually periods of asystole preceding the return of ventricuatgthm, the Atrioventricular (AV) block
Ill. The live simulation began inside the ambulance, including interaction with the wife.

1 The patrticipants viewed the second scenario and completed a survey evaluating how well the scenario
supported different aspds of the learning process.

T ' FGSNJ 61 GOKAY3a 020K aOSyINAR2ax LINIAOALIYGA O3
performance and the general use case KVIs. Lastly, a short focus group discussion was held to gather
further feedback.

During the trid, network metadata was captured and logged in the InfluxDB and the video from the head
mounted camera was captured to allow for pdsal assessment of the video quality. Additionally, network
benchmarking measurements were run in connection to the {riat during) to capture relevant network KPIs.
Some pictures from the trial are displayedrigure 46, Figure 47, Figure 48, Figure 49 and Figuiieh&XPI and
KVI results are summarized in Sect®b.4.
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Figure4T: UGEDU3: Briefing the tnal part|C|pants on the use case: the Ieft |mage shows the brleflng content related to
the 6GPATH project and the UC EDXR Health training use case, in the right image, the ambulance scenarios to be exe-
cuted during the trial is being explained to the participants.

Figure49: UGEDUS: Medical Training Sit: The ambulance nurse, wearin an overhead camera, interacts with the manne-
quin while the session is liv@reamed. Additionally, the entire scene is streathby a 36@degree camera (not visible in
the image), placed at the rear of the ambulance.
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Figure50: UGEDUS3: Remote Training Site: Trial participants observe the live stream from the medical training site, with
thetopmonii 2 NJ aK2gAy3d GKS yd2NESQa 20SNKSFR OF YSNIamarafsds.l ¥ I+ y R

2.5.3.2 Trial to capture input from prehospital nursing students, April 24, 2025, at KAU

The aim of this trial was to test all parts of the use case in compésliaal scenarios and to gather information

for KPIl and KVI evaluation from prehospital nursing students. This involved simulating an entire scenario in which
the manikin was moved from lying outside to inside the ambulance. As before, the manikin wastednvia

5G and the scenario was captured with multiple video feeds. This time, twd&fi@e cameras, one positioned
outside and one inside the ambulance, were used in addition to the heaghted camera. The video material

was collected to obtain KVI lugs from the students, alongside a set of KPIs. Input on the KVIs was gathered
from twelve prehospital nursing students following the trial.

Some pictures from the trial are displayedFigure 51, Figure 52, Figure 53 and Figurefomovie produced

with video footage from the trial is also available at a public®linkhe KPI and KVI results are summarized in
Section2.5.4.

)
» y
~ 7Y
\‘. R

Figure51: UGEDUS: Preparing for the trial: Getting the heawounted cameran place and dressing up the

manikin.

57 Videco footagehttps://youtu.be/s4jogA86GXc
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Figure53: UGEDU3: Footage from the second medical scenario béimgcuted. The outside 3éfegree camera is visible
in the figures. In the left image, the film crew for capturing footage for a movie is also in the picture.

Remote Training Site

L a L/u

Figure54. UGEDUS: lllustration of the remote training: The conmied view and the three individual video feeds available
for remote viewing, the heatinounted camera and the two 36egree cameras, available for remote learning.

2.5.4 KPIs and KVIs validation results summary

Below we summarize the results for the KPIs ants I€Wllected for the two trials as well as the Lab trial with
computer science staff.
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2.5.4.1 Lab trial with Computer Science staff

For this trial, the roundrip time (RTT) was estimated by sendingl@@rnet Control Message ProtocCMP)
messages between ghmanikin and the control site, resulting in an average RTT of 22ms, as summafiabktin

10.

In addition to the RTT measurements, ast@ond sample video was recorded on the remote display screen,
capturing the streamed video from the headounted camea. Video quality was assessed using VSFA. The av-
erage video quality score for the initial trial was 3.145, indicating a moderate level of video quality.

Tablel0: UGEDUS: Lab trial with CS staffKPI results

Subscenario = KH name Objective Result
Connectivity | RTT To measure the network latency | Avg RTT =22ms
Video Quality | VQ To measure the video quality Avg VQ score = 3.145

During the trial, after the remote scenario was completed, each participant filled out a questiemakated to

the use case KVIBor each KVI related question, trial participants provided scores using a Likert scale ranging
from 1 (Strongly Disagree) to 5 (Strongly Agrd@ple 1 presents the average score for each KVI, reflecting
overall percepins of the 5G/6&nabled remote health education system. Although no strong conclusions can
be drawn from the small trial size of five participants, the following observations can be made based on the
results:

1 The results suggest a generally positive pptice of 5G/6G technologies in the context of remote health
training. Participants rated "Reduced training costs" the highest (average score: 4.0), indicating strong
agreement that 5G/6G contributes to cost efficiency by minimizing reliance on physioalees and
in-person sessions.

1 "Health services", "User satisfaction", and "Student engagement" also received relatively high scores
(between 3.4 and 3.6), suggesting that the system was seen to have potential in enhancing the quality,
relevance, and engagent of training.

1 Moderate scores (around 3.2) for "Increased scalability”, "Realism in training”, and "Diversity and
inclusion” reflect general agreement with these benefits, although there may be room for improvement
in how they are implemented and pezived. The scenario demonstrated in the lab trial was fairly simple,
which may have impacted the perception around these KVIs.

1 Lower scores were recorded for "Ease of use" (2.4) and "Reliability" (2.2), reflecting some technical
challenges with the videquality during the trial and the phone for the 360 degree camera running out
of power, causing an interruption. Similarly, "Technology acceptance" (3.0) and "Interactivity" (2.8)
ddz33Said Y2RSNIGS dzaSNJ O2y FARSYOS Atdres,lagath likelg 4 G SY
impacted by the technical issues encountered.

Tablell: UGEDUS: Lab trial 1 KVI results

Subscenario  KVI name ' Objective Result

Cost savings | Reduced training | Assess the perceived potential to reducaiting cost 4
costs

Cost savings | Scalability Assess the perceived potential to enhance resource utilizg 3.2

Social benefit | Realism in training Assess the perceived potential to increase training realism 3.2
Social benefit | Enhanced eHealtl] Assesshe perceived potential to increase student learning| 2.8

education experiences

Social benefit | Student engage- | Assess the perceived potential to increase student engagq 3.4
ment ment

Social benefit | Diversity and in- | Assess the perceived potential to support p@nalized train- | 3.2
clusion ing
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Social benefit | Health services | Assess the perceived potential to enhance the quality of c{ 3.6
Service quality User satisfaction | Assess the perceived potential to improve the quality and ( 3.4

fectiveness of training

Service quiity | Ease of use Assess is the system was considered to be user friendly a| 2.4
easy to use
Service quality Reliability Assess is the system was considered to be reliable and pr| 2.2

vide an uninterrupted training experience
Service quality Technology ac- | Assess the perceived potential of the system to bring posi{ 3
ceptance benefits for training
Service quality Interactivity Assess the perceived potential of the system to support ef] 2.8
tive interaction with the virtual environment

2.5.4.2 Trial with Nurshg Science staff

Similar to the lab trial, the RTT was estimated by sending 30 ICMP messages between the manikin and control
sites, resulting in an average RTT of 20ms, showing a slight reduction compared to the lab trial.

For both medical scenarios durittge trial, video was recorded at the remote display screen at the training site,
capturing the streamed video from the heagbunted camera. The average video quality score was 3.391 for

the first scenario and 3.672 for the second, indicating a good téwatieo quality. This reflects an improvement
compared to the lab trial, although participants still noted that further enhancements to video quality were
needed.

To assess radio coverage during the trial, the Reference Signal Received Power (RSR&eand Bignal Re-
OSADBGSR vdz-tAdie ow{wvo 6SNB OFLIddINBR F+d (G4KS YIFIYyAlAYC
¢78 dBm anda;95 dBm, while the RSRQ remained constamtldtdB. Analysis over time showed a strong corre-
lation between radio cowage and video quality, with a drop in radio coverage toward the end of the trial cor-
responding to a decline in video quality.

The captured KPIs are summarized able 12

Tablel2: UGEDUSI: Lab trial 1 KPI results

Subscenario = KPIl name | Objective Result

Connectivity | RTT To measure the network latency Avg RTT = 20ms

Video Quality | VQ To measure the video quality Avg VQ score = 3.391
Scenario 1

Video Quality | VQ To measure the video quality Avg VQ score = 3.672
Scenario 2

Coverge RSRP To assess the radio coverage during the tr Varied between78 and-95
Coverage RSRQ To assess the radio coverage during the tn Stayed at11 throughout

During the trial, after completing each medical scenario, participants filled owtestignnaire to evaluate
whether the simulation contributed to their clinical understanding and knowledge development. The question-
naire was based on the Paramedic Global Rating Bc@RS), using a Likéike scale ranging from 1 (most
negative) to Amost positive). Average scores for each question are presentédbiie 13and Table 14for the

first and second scenarios, respectively. The results indicate that participants generally felt both scenarios con-
tributed positively to clinical learning. Tlsecond scenario, involving seizures, was perceived as slightly more
educational. Among the clinical aspects, Patient Assessment was identified as the most effectively trained by the
simulations.

58 The Paramedic Global Rej Scale (PGRS) is a tool used to evaluate a paramedic's clinical competence in simulated scenarios. It
assesses various aspects of their performance using a-paitti scale, typically ranging from 1 (e.g., unsafe, poor) to 7 (e.g., excep-
tional, excellat), across categories like situational awareness, patient assessment, and communication.
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Tablel3: UGEDU3: Medical Scenan 1 evaluated with Paramedic Global Rating Scale (PGRS)

Subscenario  KVI name Objective- Assess if the simulation contributed under- Result
standing and knowledge development related to

Inter-hospital | Enhanced Health Edu{ Situational awareass (assessing the environment, situ| 4.3

transfer cation GA2yZ NBaz2daNOSa FyR GKS

Inter-hospital | Enhanced HealthEdu{ LY F2 NY I GA 2y 3IF G KSNAyYy 3 0 5[47

transfer cation GASYyGé YR 3AFGKSNRAY3I AYT
cal hstory and care needs)

Inter-hospital | Enhanced Health Edu{ Patient assessment (observing physical examination ¢ 5.3

transfer cation examining signs and symptoms)

Inter-hospital | Enhanced Health Edu{ Decisioamaking (choice of appropriatsafe and effec- | 4.7

transfer cation tive action plan)

Inter-hospital | Enhanced Health Edu{ Resource use (identification of resources to optimize | 5

transfer cation treatment and care)

Inter-hospital | Enhanced Health Edu1 Communication (clear and accurate eanlge of infor- 5

transfer cation YIGA2Y 6AGK GSFY FyR alLl

Inter-hospital | Enhanced Health Edu{ Execution (efficient and effective execution of routine | 4.7

transfer cation tasks)

Tablel4: UGEDU3: Medical Scenario 2 evaluated with Parame@lobal Rating Scale (PGRS)

Objective- Assess if the simulation contributed under-

Result

Subscenario KVI name

standing and knowledge development related to

Seizures Enhanced Health Edu{ Situational awareness (assessing the environment, sit 5.3
cation tion,r1Sa 2 dzNDOSa FyR GKS &L A

Seizures Enhanced HealthEdu{ L Y F2 NI G A2y 3AF GKSNAY3I 0S5|5
cation GASYGé YR IFTGKSNAY3I AYyT

cal history and care needs)

Seizures Enhanced Health Edu{ Patient assessment (observing physical examination 4 5.7
cation examining signs and symptoms)

Seizures Enhanced Health Edu{ Decisiommaking (choice of appropriate, safe and effec| 5.7
cation tive action plan)

Seizures Enhanced Health Edu{ Resource usedéntification of resources to optimize 5.7
cation treatment and care)

Seizures Enhanced Health Edu{ Communication (clear and accurate exchange of infor] 5.3
cation YFEOGA2Y 6AGK GSIFY yR aLJ

Seizures Enhanced Health Edu{ Execution (efficient and effeete execution of routine 5.3
cation tasks)

At the end of the trial, when both of the medical scenarios were completed and assessed, each participant filled
out a questionnaire related to their perception of the system and its poterfiat.each question, trigdartici-

pants provided scores using a Likert scale ranging from 1 (Strongly Disagree) to 5 (StronglyT Agleed)s
presents the average score for each question, reflecting overall perceptions of the-eB&b&d remote health
education system. Althougho strong conclusions can be drawn from the small trial size of three participants,
the following observations can be made based on the results:
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1 The results suggest a generally positive perception of 5G/6G technologies in the context of remote health
training. Participants rated®Enhanced health educatiént Yy R & { 4 dzRSy G Sy 3l 3SYSy
(average score: 4.7), indicating strong agreement that 5G/6G can bring substantial benefits to health
education by providing realistic and engaging training scenéoiahe students.

9 Participants were also generally positive towards the potential of 5G/6G technologies and saw potential
G2 NBRdzOS O02ai IyR AYyONBI&aS FtSEAo0AfAGE Ay SRdzO|
Al GAaTlrk OG0 ARy ¢150 G BOKgo@d Sy codts | YR a5AOBSNEAGE | yR

1 Some technical problems during the trial where the manikin had to be restarted and some issues with
the video is reflected in lower scores for some of the questions relateE&se 6 use and the score
for dReliabilitg, with many of the scores below 3 (or the equivalent for questions with reverse scores).
¢l 1Sy G23SGKSN) GKS ljdzSadAazya NBfIFGSR G2 a! aSNJ
Usability Scor® (SUS) of 54.2%gain reflecting the technical problems and issues during the trial.

1 As compared to the lab trial, the questionnaire had been updated to cover the SUS metrics. Overall, we
still see that the nursing science staff were a bit more positive in their evahgatidis is likely due both
to some improvements in the technical setup and the nursing science staff better being able to judge
and interpret the medical scenarios and the opportunities for learning.

Tablel5: UGEDUS: SUS How you perceive the use of digital simulation

Subscenario  KVI name Objectiveq Assess how the participants felt about the Result
issues below
Service quality User satisfaction | | am happy to use digital simulation again 3.7
Service quality User satisfactin | | am reluctant to use digital simulation again, it is unn{ 2 (reverse
essarily complicated score)
Service quality Ease of Use | found DS easy to use 3.7
Service quality Ease of Use I needed the help of someone else or a technical perg 4.3 (reverse
to use digitakimulation score)
Service quality Ease of Use | think the features of the digital simulation were clear| 3.3
Service quality Ease of Use | think there is too much inconsistency and lack of log 2 (reverse
with digital simulation score)
Sevwice quality| Ease of Use | would imagine that most students would learn to use 4
digital simulation very quickly
Service quality Ease of Use | think many people found DS very difficult to use 3.7 (reverse
score)
Service quality Ease of Use | feel very cafident about how to use digital simulation 1.7
Service quality Ease of use | had to learn a lot before | got started with digital sim{ 3.7 (reverse
lation score)
Social benefit | Diversity and in- | | found that digital simulation provided flexibilitgy sim- | 4
clusion ulation
Cost Savings | Reduced training| | believe that digital simulation can help reduce the | 3.7
costs overall cost of training medical professionals by redug
the need for costly direct patierb-student training
scenarios
Social benefit | Enharced health | | believe that digital simulation provides highly realisti¢ 4.7
education and engaging training environments that effectively pi
pare students for realvorld medical situations, improv-
ing the effectiveness of overall training

59 The System Usability Scale (SUS) is a widely used tool for measuring the perceived usability of a system, product, lbissarvice
standardized questionnaireitin 10 items that users respond to using -@@&int Likert scale. The responses are then converted into a
single score, ranging from O to 100, with higher scores indicating better usability.
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Social benefit | Student engage- | | believe that digital simulation increases student en- | 4.7
ment gagement during training sessions by improving interg
tivity, immersion, and motivation to learn
Service quality Technology ac- | | believe that digital simulation has a postiimpact on | 4.3
ceptance the quality and efficiency of education
Service quality Reliability | found that digital simulation provides a reliable and { 2.3
interrupted training experience, ensuring accurate an
timely information delivery

2.5.4.3 Trial with prehospitalnursing students

The RTT was estimated again by sending 30 ICMP messages between the manikin and control sites, resulting in
an average RTT of 10ms. This reduction in delay is attributed to updates made to the KAU testbed in the spring,
as well as enhanceants in the deployment of the use case.

For both medical scenarios during the trial, video was recorded at the remote display screen at the training site,
capturing the streamed video from the cameras. The average video quality score for the first seesa8i831.

For the second scenario, the average video quality scores were 3.680 and 3.506 for the outside and inside 360
degree cameras, respectively, indicating a good level of video quality.

To measure video delay between the manikin training site aceiver endpoints (including the classroom and
control site), the video stream from the camera inside the ambulance was used. The video was recorded at a
receiver end where two synchronized timers were placeme at the manikin training site and one at the

ceiver end. The delay was measured by calculating the difference between the timers using the tool &asyOCR
The measured delay was 0.395 seconds in this trial. A contributing factor to this comparatively large delay was a
routing issue in the Red Zim@eo system, which has since been resolved.

Radio coverage during the trial was assessed by capturing RSRP and RSRQ at the manikin medical training site,
with an observed average RSRR7#.28 dBm and RSRQ-&fl dB. Radio coverage over time correlategllw

with video quality, where a drop in coverage toward the end of the trial coincided with a decrease in video
quality. The captured KPIs are summarized able 16

Tablel6: UGEDUS: Student trial KPI results

Subscenario | KPI Objective Result
name

Connectivity | RTT | To measure the network latency Avg RTT =10ms
Video Quality | VQ To measure the video quality Avg VQ score = 3.831 (outside ca
Scenario 1 3.831 (inside cam)
Video Quality | VQ To measure the video quality Avg VQ score = 3.680 (outside ca
Scenario 2 3.506 (inside cam)
Video Delay | VD To measure the video delay from manikin Avg delays = 0.395 second
Measurement training site to receivers
Coverage RSRP | To assesthe radio coverage during the | Varied between78 dBm and73

trial dBm (Mean=73.28 dBm)
Coverage RSRQ | To assess the radio coverage during the | Stayed at11 dB throughout

trial

The video streams from the trials have been used to collect data on K¥islf prehospital nursing students.
The students completed a questionnaire after each medical scenario to evaluate how the simulation contributed
to their clinical understanding and knowledge development. Similar as before, the survey used PGRS to capture

60 EasyOCR is a python module for extracting text from imagealigieneral OCR (Optical Character Recognition) that can read both
natural scene text and dense text in document. It is currently supporting 80+ languagesexgamhding. Also see:
https://www.jaided.ai/easyar/
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the answers. The average scores for each PGRS category are presefdadtkeid7and Table 18for the first
scenario (COPD/heart failure) and the second scenario (seizure/asystole), respectively.

Tablel7: UGEDU3: Medical Scendo 1 evaluated with Paramedic Global Rating Scale (PGRS)

Subscenario

KVI nhame

Objective- Assess if the simulation contributed understand-

Result

ing and knowledge development related to

COPD/heart | Enhanced Health| Situational awarenessagsessing the environment, situation,| 6.19

failure Education NBaz2da2NOSa FyR GKS aLI GASyd

COPD/heart | Enhanced Health LY F2 NY I G A2y 3IF G KSNRAyYy 3 o6STF¥F|555

failure Education and gathering information on disease state, medical history
andcare needs)

COPD/heart | Enhanced Health| Patient assessment (observing physical examination and e| 5.82

failure Education amining signs and symptoms)

COPD/heart | Enhanced Health| Decisionmaking (choice of appropriate, safe and effeetac- | 6.36

failure Education tion plan)

COPD/heart | Enhanced Health| Resource use (identification of resources to optimize treat-| 6.45

failure Education ment and care)

COPD/heart | Enhanced Healthr Communication (clear and accurate exchange of informatiq 6.36

failure Education withtel Y Ty R &aLI GASYGéov

COPD/heart | Enhanced Health| Execution (efficient and effective execution of routine tasks| 6.36

failure Education

Tablel8 UGEDU3: Medical Scenario 2 evaluated with Paramedic Global Rating Scale (PGRS)

Subscenario KVI name Objective- Assess if the simulation contributed understand-

ing and knowledge development related to
Seizure/ Enhanced Health| Situational awareness (assessing the environment, situatio| 6.64
asystole Education NBE&A2dZNOSAGKFRIOKSE @2 RAGA2
Seizure/ Enhanced Health LY F2 NX I GA 2y 3 GKSNAYy3I o6ST7T|6.64
asystole Education and gathering information on disease state, medical history

and care needs)
Seizure/ Enhanced Health| Patient assessment (observing physical examination and €| 6.82
asystole Educatia amining signs and symptoms)
Seizure/ Enhanced Health| Decisioamaking (choice of appropriate, safe and effective g 6.82
asystole Education tion plan)
Seizure/ Enhanced Health| Resource use (identification of resources to optimize treat-| 6.82
asystole Educatbn ment and care)
Seizure/ Enhanced Healthj Communication (clear and accurate exchange of informatiq 6.55
asystole Education gAOGK GSIY FYR aLI GASYGED
Seizure/ Enhanced Health| Execution (efficient and effective execution of routine tasks| 6.73
asystole Educaton

As shown iriTable 17and Table 18 participants rated both scenarios very positively across all dimensions of
clinical learning. Notably, the second scenariocused on seizures dmrmore complex clinical decisionaking

¢ was seen as even more educational, with average scores for key competencies like situational awareness, in-
formation gathering, patient assessment, and decigimgking all exceeding 6.5 out of 7.

After completing bth scenarios and their assessments, participants were asked to evaluate their perceptions of
the system itself and its potential for remote health education through a questionnaaele 19summarizes

the average scores for each item, reflecting overaitpptions of 5G/6&nabled remote health education.
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Subscenario

Table19: UGEDU3: SUS How you perceive the use of digital simulation

KVI name

Objectivec Assess how the participants felt about the is-

sues below

Result

Servce quality | User satisfac- | | am happy to use digital simulation again 4.73
tion
Service quality] User satisfac- | | am reluctant to use digital simulation again, it is unnecg 1.1 (reverse
tion sarily complicated score)
Service quality| Ease of Use | | found DS eadyp use 4.5
Service quality) Ease of Use | | needed the help of someone else or a technical person 1.4 (reverse
use digital simulation score)
Service quality] Ease of Use | | think the features of the digital simulation were clear | 4.5
Service quality] Easeof Use I think there is too much inconsistency and lack of logic | 4.0 (reverse
digital simulation score)
Service quality] Ease of Use | | would imagine that most students would learn to use di| 4.5
tal simulation very quickly
Service quality) Ease of Use | | think many people found DS very difficult to use 1.4 (reverse
score)
Service quality] Ease of Use | | feel very confident about how to use digital simulation | 4.6
Service quality) Ease of use | | had to learn a lot before | got started with digital simulaj 1.4 (reverse
tion score)
Social benefit | Diversity and | | found that digital simulation provided flexibility in simulg 4.4
inclusion tion
Cost Savings | Reduced | believe that digital simulation can help reduce the overg 4.6
training costs | cost of training medicglrofessionals by reducing the nee
for costly direct patiento-student training scenarios
Social benefit | Enhanced | believe that digital simulation provides highly realistic a| 4.5
health educa- | engaging training environments that effectively prepar
tion students for realvorld medical situations, improving the
effectiveness of overall training
Social benefit | Student en- | | believe that digital simulation increases student engage 4.4
gagement ment during training sessions by improving interactivity,
mersbn, and motivation to learn
Service quality Technology | | believe that digital simulation has a positive impacton t 4.4
acceptance quality and efficiency of education
Service quality] Reliability | found that digital simulation provides a reliabledaunin- | 4.4
terrupted training experience, ensuring accurate and tim
information delivery

Although the moderate sample size (12 students) limits the strength of the conclusions, several clear patterns
emerged. Participants reported a generally veryifios perception of the 5G/6@nabled digital simulation,
LI NI AOdzE F NI @ NI dAy3a a! aSNJ ardAafrOdAazyés a9l as
highly. This highlights the perceived benefits of immersive and realistic rematentgaOther areas, such as
G5APBSNEAGE YR LyOfdzaA2yés G{GdzRSyid Sy3l3ISYSyié¢x
positive scores.

As compared to the trial with nursing science staff, the students were even more positive to témialbof
5G/6G. For the students the trial was running without disruptions, and the students may also be more used to
and positively inclined towards mobile technology.

27T d

ac
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2.5.5 Lessons Learnt

In addition to the questionnaire results reported above, oparded £edback and ideas were also collected
during the trials. The main points raised were:

1
T
T
1
T

)l

The method could be used to train more advanced scenarios, offering a quick and effective way to learn.
It is useful for gaining a more realistic understanding of prehakgare.

The sound needs improvement, particularly for the first scenario in the student trial, where disturbing
background noise was present.

The video views of the trial scenario could be augmented with additional information about the events,
for exanple as popup windows.

More background could be captured for the medical scenario, starting from the moment the ambulance
call is received.

It would be valuable to also experience taking care of the patient in a moving ambulance.

The key technical issu@tentified that require attention are:

1

T

T

Audio and video quality could still be improved. While some video latency should decrease once routing
issues experienced during the trials are resolved, most video quality problems are related to capture
rather thannetwork transmission. Audio in the second scenario of the student trials was better due to
improved microphone positioning.

For KPIs, not only low latency but also high reliability is crucial to control the manikin and ensure a
smooth user experience, assduptions during trials were perceived very negatively.

With the manikin and an increasing number of video feeds, trial setup has become more complex. To
simplify this, the NUCs used so far will be replaced by laptops, removing the need for separate#snonit
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2.6 UGHEALTH. ¢ 3D hydrogel patches

This use case refers to automatic chronic wound documentation based on 3D scans and generating of a person-
alised 3D hydrogel patch tailored. The partners, Fraunhofer and FOKUS have conducted several lab testing and
trials. The pilot preparations in collaboration with the Johannesstift Nursing Home from Berlin, where chronic
wound residents are living, are ongoing. A map with the location of these activities can be &égurén55
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Figureb5: UGHEALTH.: Map with locations for lab testing, trial and pilots

2.6.1 Setup and Validation Tools
2.6.1.1Infrastructure Setup

The architecture of the FOKUS testbed used in the hydrogel patch use case can ba-gpae 56
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Figure56: UGHealth-1: Infrastricture setup for the 3D bioprinted hydrogel patch

The edge router is deployechan 8 CPU Core datacentre and the gNB is an Amarisoft small cell configured to
cover a 20 MHz bandwidth between 3700 and 3720 MHz. The setup is virtualised using Kubernetes. The compo-

nents highlighted in grey are external components (e.g. Scanning apg thei Scaniverse Apfpthe 3D Printing
Service is the Octoprint opesource softwaré?).

61 For further information seehttps://scaniverse.com/
62 For further information seehttps://octoprint.org/
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For an improved performance specific to the T&Ps where only one edge node is used, the healthcare components
were also installed on the edge node and the Wound Arayi§ installed in the OpenSHhifinfrastructure of

FOKUS, as it requires major computing power.

The enddevices include 5G SA mobile phones and Android tablets. Also,-dreatfielf Customer Premises
Equipment (CPE) is used for connecting the Rasplrdythat connects via serial interface towards the 3D
printer.

The setup was configured with its own Domain Name System (DNS) server resolving the medical services and
access from engboints to the medical services outside the eeteud infrastructure wa configured to be fil-

tered out.

Special care was taken so that the databases are persistent in case the services have to be restarted. Regarding
data protection, the Wound Analytics release mode is configured to delete the temporary files that are generat
when running the 2D and 3D segmentation.

2.6.1.2Technical Setup

TheBeyond 5G Edge Router comprised of the modular mobile core network prototype Open5GCore that was
extended in order to facilitate authentication, authentication and mob#isywell a€Endto-Endsessiondbe-

tween edge datacentreandthe centralinfrastructure. Regarding backhaul connectivity, it carries control and
data plane (DP) traffic of the edge network in an E2E encrypted manner. Using a Software Defined Wide Area
Network (SBWAN), itmaintains reliable communication across the backhaul, thus also enabling dynamic and
reliable connectivity as well as traffic steering. Regarding the local User Plane Functions, it enables establishment
of local data paths in the edge network and offladraffic to local devices (e.g. the 3D bioprinter) and medical
services.

TheData Access Control Servisr based on the opesource Keyclo&kserver and includes an adaptor called
Account Management Server that is used byBatient Data Storage Servésr managing users and their access

to the HL7 Fast Healthcare Interoperability Resof(&4IR).

TheNurse Care Appis implemented in Flutter and using a 3D library for visualising the 3D wound scans. The
nurse can create the 3D scan using the Scanivippe export the 3D scan to ZIP and then import it in the Nurse
Care App. Support for multiple nurse visits was added. The interface towards the Oétmernivice for connect-

ing to the service and sending Stereolithography (STL) formatted objects fongiig implemented using the
supported HyperText Transfer Protocol (HTTP) based Application Programming Interface (API).

The Wound Analytics service is implemented using Python and several image processing modelspeamd pre
cessing techniques were implemted, validated and compared. For 2D segmentation, the Fully Conventional
Neural Network (FCN) was selected (Feble 20 as performing best. The detailed results of the 2D wound
aS3avySydldazy @FrtARIFGAZ2Y 6 SNB Lldzdidn DésigrtaRd Validatian R&ults OA S
2F I / KNRYAO 22dzyR alyl3aSySyd {e2aidsSy t2¢SNBARI o8
2025Conferenc®’. There were three Artifical Intelligence (Al) mo&&lslidated. A comparison of their perfor-
mance is depi@d inTable 20

63 OpenShift is a hybrid cloud platform as a ser¢RaaS) developed by Red Hat. It's built on top of KuberneteRadat Enterprise

Linux,offering a comprehensive environment for developing, deploying, and managing containerized applications. OpenShift simpli-

fies container orchestration, provides aubated lifecycle management, and enhances security and scalability, making it easier for

organizations to build and deploy applications at scale.

Keycloak is anpensource software produdb allow single sigion with identity and access management aoiret modern applica-

tions and services\lso seehttps://www.keycloak.org/

85 Fast Healthcare Interoperability Resources (FHIR) is a healthcare data standard that enables the exchange of electrémiicrhealt

mation. It defines how healthcare information can be structured and exchanged between different computer systems, regardless o

how that information is stored. FHIR uses modern web technologies like REST, JSON, and XML to facilitate this exchange. See,

example https://en.wikipedia.org/wiki/Fast Healthcare_Interoperability Resources

Octoprint, https://octoprint.org

87 Seehttps://ifipaiai.org/2025/

68  DeepSkintittps://doi.org/10.3390/ijms2401070% FCNHttps://doi.org/10.1038/s41598)20-78799w) and Wound Segmentation
(https://www.kaggle.com/code/mohamedelsadek44/woursigmentationwith-u-net-and-dataset).

64

66
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As the entire 3D wound analysis (including 2D wound segmentation, 3D wound model extraction and measure-
ment performing) is currently between 30 and 60 seconds, the initial integration is currently improved so that
partial results are sentotthe Nurse Care App, in order to improve the user friendliness and prospects of the
technology adoption.

Table20: UGHEALTH.: Al models validated and compared for wound segmentation

Model Dice Precision Recall loU F1 SERERE
tation
Time (S)
0.62 0.74 0.62 .

DeepSkin 0.53 0.62

Fully Conventional Neu-

ral Network (FCN) 0.87 0.90 0.84 0.78 0.87 0.63
Wound Segmentation

(WS) 0.81 0.84 0.87 0.71 0.52 0.36

2.6.1.3Measurement and validation tools

For validation of connectivityping and Iperf were used in order to test the connectivity of the devices.

For measuring the KPIs related to the mobile core network, the ELCM capabilities were integrated in the testbed.
The KPIs collected were related to data path e.g. throughputydeata packet flow. For elderly monitoring use

case, ELCM was also integrated with the influx data store of the use case. The metrics from the use case data
store were processed and transferred to ELCM for plotting graph.

For measuring the KPIs related teetdata transfer towards the Patient Data Storage Server, the Nurse Care App
6la SEGSYRSR Ay 2NRSN)I (2 AyOfaRIEVYBailikxYSEIFNYR KHKSiOK
GOGAGESE dzaSR F2NJ GF 33FAy3T GKI G cdn TAeSPHilent Pata Stofdde \Sa&rverS NJ
based on the hapi fHit server, was extended with a Prometheus interface for computing the delay and capacity

of the transmission. The ELCM was then configured to extract the information from the Prometheus Server that
is scraping the Patient Data Storage measurement interface.

Regarding the Wound Analytics validation, two publicly available datasets were used to train and test the image
processing models and metrics specific for wound segmentation and image prodesgargral were used in

order to select the best matching model. Also, for validating the accuracy of the automatic measurement, manual
measurements of the plastic wound model using ruler were taken, for building the ground truth for the wound
model used dring the trials and compared to the Wound Analytics output.

8
C

2.6.2 Lab Testing

The lab testing was performed using a plastic wound model professionally produced by Métiaralfvolved
Fff GKS LXFYYSR a0SylINA2Ad / KI tNdpioGuceKand sodrdtNeii weBri | &
models will be used for validation. Some pictures can be seen below.

69 HAPI FHIR is a complete implementation of the HL7 FHIR standard for healthcare interoperability in Java. It is an opéty commun
developing software licensed under the businéssndly Apache Software License 2.0. HAPI FHIR is a product ob&yitdeHealth.
For further information also seéittps://hapifhir.io/

0 MedicalFx aims to create as realistic 3D Models as possible for the healthcare industhit Bekmedicalfx.de/shop/
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Figure57: UGHEALTH.: Lab testing using plastic wound model

2.6.2.1Lab Test @FOKUS, 13th May 2025

Main Objectives:

1 To deepentie understanding of th&caniverse Apand theNurse Care App

T To test thefunctionality and usabilitypf scanning, documenting, and processing wound data

1 To provide internal feedback on user interface

1 To identify improvements prior to broader pilot actiei
¢CKS /KIENARGS GSHY 3L @S FTSSRol Ol 2y K2g (G2 AYLNROS (K
Scaniverse App to import in the Nurse Care App. This feature was implemented and validated in the future testing
and trials.

Figure58: UGHEALTHY [+ 6 GSadAy3 LIS NF 2 NI § R XChy!{ o0& | ¢2dzyYR

26.22labTesc LY G SNY I+t 9@l fdzr GA2y 2F GKS {OFYyA@SNBRS I YyR
Description of the Attendees, Including Numbers

Thiswas aninternal testing sessioheld between theUC1 Health use case teaand thetestbed owner Fraun-
hofer FOKUSThe participants included:
1 Software and application developers
1 Project engineers
f Clinical and technical advisdrem the 6GPATH UC1 Healtedm
¢KS 32Ff gta G2 NBOGASE GKS LI IFGF2NNVQA dzaloAfAGE Yy
live deployment.

Objectives of the Trial, Including the Scenarios Validated
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Main Objectives:
f To deepen understanding of tf&caniverse Apand theNurse Care App
T To test thefunctionality and usabilitypf scanning, documenting, and processing wound data
1 To provide internal feedback on user interface, measurement accuracy, and data visualisation
1 To identify improvements prior to broader pilattivities
Validated Scenario:
This trial focused odata processing and wound documentatj@imulating a wound assessment using a plastic
wound model.
Key steps included:
Capturing wound images and 3D scans &geare 60
Documenting wound details ifé app interface
Running automatedvound segmentation modelk® calculate surface area and perimeter
Comparing algorithmic results withanual measurements (rulefr validation (sed-igure 59

=A =4 =4 =4

Execution Summary:
Participants scanned a wound model ustihg tablet and mobile phone setup and visualized results intieed
within the Nurse Care App. Functionalities tested included:
T Structured wound documentation (ségégure 6}
{ Calculation of wound dimensions using binltsegmentation tools
1 Live visualiation of wound metrics on screen (sEegure 62
Participants provided observational feedback during this session. No quantitative tools were utilized for this trial
phase.

&

und how to use the piatforrﬁ
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L4 |
Figure62: UGHEALTH.: new design measurement of the wound

Technical Setup:
1 Infrastructure:
o Connectivity via Open5GCore and Amarisoft
o Integration with 6GPATH Healthcare services aRdst Healthcare Interoperability Resources
(FHIR) Store for upload
1 Devices Used:
o Samsug tablet and smartphone, both connected to the testbed
Measurement and Validation:
1 Manual rulerbased wound measurements served as lizseline ("ground truth™)
1 These were compared to treutomated calculationy F RS o6& (GKS F LILJQ& ¢2dzy R |y
1 Rewslts showedhigh accuracyconfirming the validity of segmentation for perimeter and surface data
Key Observations:
1 The app currenthdisplays only the woundwith limited spatial orientation, requires touch screen or
mouse for better 3D navigation
1 Particpants recommended &ull 3D visualizationincludingcolor-coded wound boundariefor better
clarity and clinical relevance

Preliminary KVI Findings:

Stakeholder Feedback and Impact
Despite being an internal trial, several valuable findings were idedhtifie

1 User InterfaceThe app is intuitive, buteeds more detailed 3D graphics

1 PerformanceUpload times could be slow when handliagge wound data volumes

1 LanguageThere is a clear need forGermanlanguage versiofor broader field adoption
These findigs were shared directly with the platform developers for further iteration.
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Lessons Learned
1 Visualization:The schematic (2D) wound display lacks clinical usefulnedi3-.cAlored renderings es-
sential to depict wound depth and boundaries accuratelys Tinctionality is currently finalised.

26.23LabTesc LY G SNYFf 9@ fdzr A2y 2F GKS {OFYyA@SNBRS I YyR
Description of the Attendees, Including Numbers

This was ainternal testing sessioheld between theuse case teamand the testbed owner Fraunhofer FOKUS

Objectives of the Lab Test, Including the Scenarios Validated

Main Activities:
T wWS@ASs (GKS LI I GF2NVQa dzaloAfAGe Ay GSNya 2F 42dz
workflow.
Place the datacentre to theesver rack that CHAR has acquired for the testbed
Taking measurements related to network capabilities in general and validatingweeThe Top (OTT)
video call using Jitdias communication platform
1 To identify improvements prior to broader pilot actieis
Validated Scenario:
1 Automatic wound detection and measurement
1 OTT video call with the nurse smart phone using 5G SA.

1
1

Execution Description, Including Relevant Pictures/Figures, Data Collection Methodology (for KPIs and KVIs),
etc.

Throughput and Jitter Comparison of 3Mb payload for 1,5 and 10 Users
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Figure 63depicts the performed test results on the CPE, for 1, 5 and 10 users,lpsifigo check the experi-
enced throughput and jitter. Work wille done in order to investigate the cause for the jitter and optimize the
core network capabilities.

In Figure 64and Figure 65photos from the event are showrn Figure 66the assessment of the throughput
through the beyond 5G Edge router during theTQ/ldeo call is shown.

"L Seehttps:/ljitsi.org/
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Figure65: UGHEALTH.: (left) Testbed datacentre with beyond 5G Edge router moved to server rack, (right) smart phone
connected to Open5GCore testbed operator
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Figure66: UGHEALTH.: Assessment of the throughput for the OTT video call scenario

2.6.3 Showcasing

Regarding showcasing, the use case was demonstrated during the Fuseco Forlﬁn@@ﬁ&ed by Fraunhofer
FOKUS in November in Berlin and the Clusterconference Future of Ni@sN@ | Y AT SR o0& / KF NAGS
also in Berlin.

2.6.3.1Fuseco Forum organized by Fraunhofer FOKUS, Berlin, November 2024

Both Health use cases, WWEALTH and UGHEALTH2, were showcased at the Fuseco For(gh Figure 67)
which had around 150 participants from the telecommunication field. The feature of E2ZE communication session
via public mobile network or satellite communication has attracted a lot of attention.

72 Also seehttps://eveeno.com/fokusfusecaforum-2024
73 For further details also sebttps://www.cluster-zukunftder-pflege.de/index.php/en/startseitesnglish/
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Also, Prof. Dr. Nils Lahmann from CHAR has given a presentation of the use case in the session regarding the
Application level use cases and pilots.

Figure67: UGHEALTH.: Showcasing during Fuseco Forum 202h the table:éft hand side: laptop showing the 3D scan

2.6.3.20utreach & Engagement: UHBEALTH. DemaoExhibition Booth and Workshop, 112 March 2025

The event was held in two formats: arhibition boothat the "Clusterkonferenz Future of Nursing 2025", and a
workshopheldl & / K}y WABSNBAGNGAYSRATAY . SNIAYy®

The outreach and engagement activities were conducted in two parts:

1 Exhibition Booth(seeFigure 6§ Approximately250 participantssisited the tweday conference. These
included healthcare professionals, techdieaperts, researchers, and stakeholders from the field of dig-
ital health and nursing innovation. Visitors were introduced to the use case and were invited to complete
KPI and KVI questionnaires using QR codes.

1 Workshop(seeFigure 6% On March 11, a fo@edone-hour workshopfor UGHEALTH + UGHEALTH
2 was conducted from 2:@3:00 p.m., attended by.5 participants The group included nurses, care
facility managers, and representatives from innovatmiented healthcare companigsee Figure 70)
This gssion included a presentation, plenary discussion, and the use of an interactive platform
("Padlet") to collect feedback and ideas (déigure 7).

Main Objectives:
{ Validate the main scenarjspecifically the application of 3inted hydrogel patchesniwound care
supported by 6G communication technologies.
1 Collect feedbackn existing and proposeldPIsandKVIs
1 Engage healthcare professiontdsassess acceptance, feasibility, and added value of telehentibled
wound care tools.

Participants assaed therelevance, usability, and expected impattthese technologies in daily nursing care
practice, especially in outpatient and geriatric contexts (Sggire70). The results are provided in Sect®@8.5

Lessons learned:
1 Thequestionnaire was too longnd some participants struggled with the @8de system.

7 Padlet provides a cloudased softwareasa-service, hosting a regime collaborative web platfan in which users can upload, or-
IFYyAT ST YR &aKIFENB O02ydSyid (2 @A NJdehd othérsizps:/Svivw.if chlieagnindidBrivhow I £ £ SR
to/what-is-padletand-how-doesit-work-for-teachersand-students
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1 Workshop time (30 minutes per U@as too short for deep engagement.
1 Participants emphasized the need figtailed wound descriptiongontext-aware dressing choiceand
preserving manual skilla wound care.

g

6G-Path

BEFRAGUNG

Figure68: UGHEALTH.:

Figure70: UCGHEALTH.: Nursing experts filling in online replies to the seetmnomic topics
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2.6.4 Performed Trials and Pilots

¢KS / KIENARGS DSNAIFGNARAO wS&aSHNOK DNRdzL) ' yR @dklatdthd K2 F SN
locations shown irigure 55which also highlights the future piloting site.

The smalbkcale trials took place on May 28th and June 18th, 2025, with participation from healthcare profes-
sionals. During these sessions, the four use case sosnaeire demonstrated in a practical and accessible man-

ner. The demonstrations incorporated real devices such as tablets and smartphones, the Scaniverse app, and the
user interface of the Fraunhofer FOKUS digital platform. All KPI and KVI results aredoiro@dctior?.6.5.

2.6.4.1Trial to validate the use case using @G! ¢ | (G SOKy 2 2 AMMAE2Z025X/ KF NAGS HYy

¢CKS GNRIFE (2271 LI I OSc!2WA @S NeR AnlyNt SHYISHROAST Alyl . /SKNIE Ny SO / |
search Group. It was attended by 15 healihe professionals from various fields, including registered nurses,
physicians, therapists, and clinical staff with experience in wound care and digital health solutions. Participants
were carefully selected for their relevance to the trial scenariosthed ability to provide expert feedback on

both clinical and practical aspects of the technologies tested. The group size was deliberately kept small to facil-
itate intensive interaction, live demonstrations, and focused feedback sessions.

The primary olgctive of the trial was to validate critical components of tlee casavithin the 6GPATH frame-
work. Specifically, the trial aimed to:
1 Assess théeasibility and performancef reakttime telehealth tools in a clinical setting
{1 Validate thetechnical and factional integrationof 3D wound scanning, digital documentation, and hy-
drogel patch printing
1 Evaluateusability and acceptancamong healthcare professionals
1 Collect both qualitative and quantitative data to support KPIl and KVI evaluation

The session oped with aproject introduction videutlining the aims and vision of the @BATH project (see

Figure 72. The facilitator then provided an overviewtbe use casand its focus on personalized, teehabled
wound care using nexgeneration network infratructure.
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All three core scenarios were either demonstrated or discussed, and the participants were invigdigdb on
their professional experiences and impressions through both structured questionnaires and open group discus-
sions. The validated scenarios are listed below:

1. 3D Wound ScarA nurse conducted awound scan (§égure 78 | i G KS LI $ing §3pecidligedt 2 O
3D scanning app on a tablet (Scaniverse app). Theinealscanning process was projected onto a screen
for live demonstration.

2. Digital Wound DocumentationThe digital wound care platform developed by Fraunhofer FOKUS was intro-
duced (geFigure 74. Participants explored its user interface, designed for structured wound documentation
with secure data handling.

3. Hydrogel Patch PrintingAlthough a live demonstration of bioprinting was not possible due to technical
limitations, the partigpants engaged in a detailed discussion on the process.-grigfed hydrogel patch
was presented as a theoretical case study (Begure 75) and usability as well as system reliability were
debated.

Figure73: UGHEALTH.: live-3D- scan of the wound model
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