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This document presents the architecture, validation methodology and executiomafmlating the
next-generation holographic use cases defined for the South Node of 6G-XR. The document
highlights the integration and adaptation of network and application enabbiveloped in the
project into the experimentation facilities. The final aim is to demonstrate theragpn of XR use
cases over a platform including enhanced RAN, Edge and Core networks, showing lowdatency
high-performance result, as well as paying attention to perceived user experiencecanetal
impact.

Some of the integrated enablers are:

x dZ ,}0} KE Z «SE& S}E SZ S u Vv P e SZ =« ee]lve Jv ]i d[e ,}O0}PE % Z
X A Remote Renderer that processes the reconstruction image for visualization by an end user.
X Edge Orchestrator features to achieve the closest Edge discovery and selection.
x CAMARA-based and NEF APIs which allow to request the network to locate a user, to change the
QoS of a slice or to associate a user with a specific slice.
X The IMS Data Channel Server, whichl ¢« %0}e*] o (}& pe E S} e« D d*h<KJ[e* ,}
% % 0] $]}v ip*3 C o0o0]vP ¢ EA] vpudialErA]S3Z $3Z %Z}v [+ v §]A

Two different architectures have been implemented in the South Node. One that relidsee &G
Core User Plane Function (UPF) for handling data traffic. In this case the XR applicat@ng&dge
platforms. And a second that leverages the latest innovations of the IMS motatfo offer media
applications. For this option, an XR application is deployed in the IMS Data Channel Server.

The Key Performance Indicator validation methodology is based on a structustedatse approach

that ensures reproducible and comparable validation across partners and scenarios. The results show
that the use case traffic demands are met by the enhanced 5G network. The XR services benefit from
the dynamic adaptation of the network on demand and the selection of the closest tedgrther

reduce the latency. In the IMS Data Channel test cases, the sessions are successfully established
through the IMS platform, which paves another path for offering added value serviegadaw the

secure environment of the Telco operator.

The user feedback collected by Key Value Indicator questionnaires is positive. Thegrastici
believe there is potential in XR technologies in combination with future maigtworks to enhance
the remote real-time communication experience. Most of the responses are also sfitintat
these services can reduce travel and raise new learning and business opportunities.
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GPS Global Positioning System

GPU Graphics Processing Unit

GUI Graphical User Interface

HTTP Hypertext Transfer Protocol

ICE Interactive Connectivity Establishment
IDE Integrated Development Environment
IMS IP Multimedia Subsystem

IMSDC IMS Data Channel

IMSDCS IMSDC Server

IMSI International Mobile Subscriber Identity
IP Internet Protocol

IPU Image Processing Unit

KPI Key Performance Indicator

LFSDK Light-Field SDK

LoD Level of Detail

LTS Long Term Support

MEC Multi-Access Edge Computing

MCU Multipoint Control Unit

MDNS multicast DNS

ML Machine Learning

MLA Microlens Array

MMTEL Multimedia Telephony

MNO Mobile Network Operator
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MPD Media Presentation Description
MU Media Unit

NaaS Networkasa-Service

NBI Northbound Interface

NEF Network Exposure Function
NTP Network Time Protocol
NWDAF Network Data Analytics Function
oS Operating System

PC Personal Computer

PCC Policy and Charging Control
PCF Policy Control Function

PDU Protocol Data Unit

PTP Precision Time Protocol

QER QoS Enforcement Rule

QoE Quality of Experience

QoS Quality of Service

RAM Random Access Memory

RAN Radio Access Network

RGBD Red Green Blue Depth

Rol Region of Interest

RTCP Real-time Transport Control Protocol
RTP Real-time Transport Protocol
SDK Software Development Kit
SDP Session Description Protocol
SfM Structure from Motion

SFU Selective Forward Unit

SM Session Manager

SMF Session Management Function
SNS Smart Networks and Services
SRTP Secure RTP

SUCI Subscription Concealed Identifier
TC Trial Controller

TCP Transmission Control Protocol
TSN Time-Sensitive Networking

ucC Use Case

UDP User Datagram Protocol

UE User Equipment

UHD Ultra High Definition

UM User Manager

UP User Plane

UPF User Plane Function

URSP UE Route Selection Policy

VM Virtual Machine

VNF Virtual Network Function

VR Virtual Reality

WebRTC Web Real-Time Communication
WP Work Package

XR eXtended Reality

XRM XR and Media Services
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1 /EdZK h d/KE

The main purpose of D6.1 is to summarize the outcomes of the tasks a@heutomponents

adaptation, infrastructure deployment and validation efforts related to 6G-XR reghbgr use cases,

namely: UCZongestion Control viaate Adaptation or Quality on DemaridC2Routing to the Best

Edge and UCZontrol Plane Optimizationghis work spanned across January 2023 to October 2025

of the project timeline6GXRincludes two separate experimentation environments: the North Node

in Finland and the South Node in Spain. UC1, UC2 and UC3 were ruyiB pG~}u3Z E} U Az] Z |-
distributed along 5TONIC lab at Madrid and i2CAT premises at Barcelona.

1.1 K : d/s » K& d, >/s Z >
The objectives of D6.1 are to:

x Describe the adaptation of the holographic communication services (AR platfoivtABBUKO
and VR platform by i2CAT) for the proposed 6G-XR architecture, adopting network and
application technological enablers developed in the project.

X Present the resulting 6G-XR infrastructure after the deployments and configurations performed
to support the holographic communication applications on the experimentationtfasili

X Report the testing and validation of holographic communication applicationdhe 6G-XR
infrastructure with the aim to prove that:

o the 6G Comms control plane of the 6G Network is an enabler to create, through APIs,
XR services that can scale and be interconnected with other services and service
providers,

o the modular and adaptive developed XR media enablers are efficiently allocated,
deployed and bridgeon top of the network and Edge platforms to optimize latency
and adapt the use of resources to provide an excellent user experience,

o0 the developed Trial Controller (TC) can ease the setup of experiments by
instantiating apps on the closest Edge or applying traffic policies.

1.2 *"dZh dhzZ K& d, >/s Z >

D6.1 is structured as follows:

x Section 2 starts with an overview of the VR-based use cases (UC1 and UC2) scthymr and
architecture, to provide context about the erid-end service for the end user. Next, it dives into
the work done for adapting application components and infrastructure to hold thosecases,
highlighting the 6G-XR enablers involved in them.

X Section 3 details the same information as the previous chapter, but in this @aefAR-based
use case (UC3).

X Section 4 elaborates on the validation test plan and execution to verifyethdiness of the 6G-
XR infrastructure to run the South Node use cases.
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x Finally, Section 5 summarizes the deliverable.

13d zZ2'"d h/ E K&d, >/s Z >

This deliverable is a public report which targets the project consortium, stakeholders, academic an
research organizations, EU commission services, and the general public.
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2 hr2zZ W>E KWd/D/e d/IKE* &KZ ,K>K'Z W,/

hi E hi

This section reports the adaptations done to enablers described in WP2 D2.3 [1PW\PR] and
WP4 D4.3 [3] for running two Use Cases (UC1 and UC2, defined in defall i@d]J2 Those UCs are
targeted at improving the reliability and performance of real-time holpbia communication
services thanks to user plane innovations.

21 Ks Zs/ t K& E h 1

UC1 Congestion Control via Rate Adaptation or Quality on Demand

Holographic communication services bring stringent bandwidth requirementtheirorder of few

tens of Mbps per holographic stream or even higher. However, the awaitagacity and whole
amount of active traffic in 5G cells largely varies over time due to y#imamic user traffic demands,
mobility and interference, thus potentially impacting the Quality of SenfgeS) and Quality of
Experience (QOE) in such real-time services. 6G-XR has implemented an innovagestiGo
Detection Function (CDF), which continuously monitors real-time radiotraffic indicators in the
serving 5G cell to detect emerging congestion conditions. Based on these meantserif
congestion is detected, the CDF (developed in WP4) in collaborationth&itkR (Holo) Orchestrator
(developed inWP3) can enforce two different mitigation actions with recommended transmission
rates for each active client, reflecting the current network load and cell utilization. When cangesti
is detected, the CDF notifies the XR Orchestrator, which can react in two ways: (i) recommending to
the user plane media functions, like client applications or Remote Renderersafi Hubir data

rate; (ii) triggering a Qualitpn-Demand (QoD) request through the CAMARA QoD API to the 5G
network, ensuring prioritized treatment for XR specific streams.

UC2 Routing to the best Edge

The endto-end holographic communication platform can leverage Edge processing to damdoy
run diverse user plane media functions, like Selective Forward 8/} and Remote Renderers. 6G-
XR has developed innovative network APIs between the Holo Orchestrator (dedéiopVP3) and
the Edge Orchestrator (developed in WP2) to be able to use different federatedngdge for XR
processing offloading e.g., cloudlet selection within different Edge orchestratorsitipia domains
(both Barcelona and Madrid 6G-XR testbeds). Optimal Edge allocation will take plack dmas
specific goals like minimizing delays by selecting the closest Edge to the endalseting the
servers with the most appropriate resources, or even managing mobility patterns.

22 Z,/d dhz K& hi E hi1

Figure 1 provides a high-level overview of the émxnd holographic communication platform built
using enablers developed/evolved in the project within WP3.
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Figure 1: Ende-end holographic communication platform built using WP3 egrabl

T3.1 groups the Volumetric Video Capture and Reconstruction components, T3.2 dedis@dhd
Processing and Adaptability, T3.3 highlights the Adaptive Low-Latency i¥x&yDmkechanisms, T3.4
focuses on the Interaction and Synchronization among Edge/Cloud platforms, T3.5 covers the Session

Management and XR Orchestration components and T3.6 includes the Cross-layer metrics
measurement.

Figure 2 provides a more detailed view of the Volumetric Video Capture Reubnstruction
components

CAPTURER EDGE
L ——
—_ Interface car:; Reconstruction (4 x GTX 4090
- CXP-Frame Grabber GPUs): 4 RGBD Streams @ 8.1 MP
_ 4 lanes @ 12.5 Gbps /36 fps / 6.25 Gbps
—
4 x R32: 4 Raw ' ‘ ‘ ‘
Light-Field Fusion: 1 PC stream
Streams @ 32.4 ‘
MP /36 fps /
12.5 Gbps

Figure 2: Volumetric Capturer and Edge processing with RAYTRIX and i2@#Ectsm

The block on the left refers to the Volumetric Capture, comprised of four R32fikdgh cameras
within a capture zone measuring 2x2x2 cubic meters, and designed for capturirgnhudies in
real-time. The box on the right refers to the Edge processing, where the data from these c#neras
transmitted with a latency lower than 100ms. The light-field streams are transformed at the Edge
into Red Green Blue Depth (RGBD) streams. Subsequently, these streams are mergedifigd a un
volumetric stream, encoded, and forwarded for further processing.
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The main compute (from WP2) and network (from WP4) enablers develogkd jroject that are
required for UC1 and UC2 implementation are the following (represented in Figure 3):

X TheCongestion Detection Function (CDé&dabler is a software tool used to detect and report
network congestion events. It continuously monitors performance indicators sisclcell
utilization or throughput to identify overload conditions. The Holo Orchestraibseribes to the
& He]VvP *% ](] h /U o0o0}A]JvP §Z & 8} o} § S8Z pe E[* -
congestion status. When congestion is detected, the CDF sends an alarm notificatierHolo
Orchestrator, enabling it to take corrective actions such as traffic adaptation, prioritization, or
profile adjustment to maintain service quality for the ongoing XR session.

X TheEdge federation enablewhich allows that the machines in Madrid Edge can interact with
the machines in Barcelona Edge. As a result, the Madrid Edge orchestrator can seailtdige
resources at Barcelona Edge and decide to deploy applications on it.

X TheNEF API¢namely:Service ParametetJE LocationQoS SessioandData Collectiophwill be
called during the use case workflow and will retrieve information or trigger caatigun
changes in the 5G Core and RAN components. The NEF function is running on aeskigatrdd
to auxiliary tools and is reachable by the other components.

X Thenorthbound APIs based on CAMARA such as QoD and Simple Esige/&iyare running
on Madrid Edge and they interact with the NEF APIs in the Southbound to get redctionthe
5G network. More specifically, the Quality of Service (QoS) and the User Plane rF(déti)
associated with the UE are dynamically configurable through the QoD APgsesbdd in
sections 5.1.2 and 5.1.4 of D2.3 [1] respectively. Furthermore, Simple Edge Discatéaly is a
core component of UC2 - identifies the geographically closest Edge to the UE baseduseend
network location. This proximity-based selection aims to establish a more efficenection
and improve end to end performance. The functionality of this mechanism was alsatedlid
section 5.1.3 of D2.3 [1].

- s, R EESNS Pagel8 of 100 © 20232025 6GXRConsortium



-
6GXR| D6.1 Holographic Use case integration and validation )qu
and KPVI assessment (V 1.@ublic

6G-XR Network Aware Enablers -

EDGE SELECTION APP ONBOARING LCM | 57

S Control

YA, ] CAMARA API: Simple Edge Discovery | | NBI Edge API (GSMA CAMARA
: USER PLANE CONTROL Req)

CAMARA API Traffic Influence

3GPP NEF:
Service Parameter
UE location

MEC MEC
5GCore Orchestrator - Orchestrator
(STONIC) P IEAP I2Edge
m QDSSESSiG;‘I (5TON|C) (FBESRIEAREAVI'I;N “ZCAT)

MonitoringEvent
Data Collection

Edge N des Edge Nodes

UE LCM
GSMA OPG UNI
UE:Smartphones,

XR kits, Laptops

Figure 3: Main 6G-XR Compute and Network Enablers involved in UC2.

2.3 Wd d/KE K& KDWKE Ed”» &KZ hi E h 1

UC1 and UC2 adopt a multiuser holographic communication platform for VR@Rrenents, called

HoloMIT and developed by i2CAT, which has been evolved and adapted witBigdét&ils in D3.2

[2]) to: (i) integrate new single- or multi-sensor volumetric videotwapsetups (T3.1); (ii) interface
single or multiple instances of communication servers, with just forwardingtifumalities (i.e. SFU)
or including in-cloud processing (i.e. Multipoint Control Unit (MCéidher on public or private cloud
servers (T3.2); (iii) integrate Remote Renderers to support lightweight devic@sa{i@® T3.4); and
(iv) integrate a new metrics measurement and monitoring sub-system (T3.6).

As anticipated, the above-described WP3 enablers have been extended and adapted taténteg
with enablers from WP4 (mainly to support UC1) and WP2 (mainly to suppOf). These
adaptations and integrations are briefly detailed next.

2.3.1 6GXR enablers adaptation to support UC1

To support UC1, three main WP3 enablers (Holo Clients, Holo Orchestrator, Remote Renderer) ha
been adapted to appropriately interface the CDF and CAMARA QoD API fromigidll-defined
API and messages, as detailed next and overviewed in Figure 4.

Notification of Congestion DetectionThe Holo Orchestrator first subscribes to the CDF API using the
User Equipment (UE) ID, prompting the CDF to locate the serving cell associated with drad UE
begin tracking its congestion status. When the cell load exceeds a defined threshold @&).{H&0
CDF detects a congestion event and returns a notification snapshot to the Holo Ortdrestra
containing the UE ID, and current congestion status, as illustrated in the API payloadeckalow.

- s, R GGSNS Pagel9 of 100 © 20232025 6GXRConsortium



7
6GXR| D6.1 Holographic Use case integration and validation jqu
and KPVI assessment (V 1.@ublic

Figure 4: Snapshot example of a congestion notification messagé@® the CDF to the Holo Orchestrator,
including UE ID, serving cell ID, and congestion status.

Rate RecommendationOnce the Holo Orchestrator received the congestion notification from the
CDF, it then forwards the message, optionally including specific Uplink or Dowmaliek
recommendations, to the target/affected UEs.

QoD triggering Alternatively, to Rate Adaptation, the Holo Orchestrator can invoke a Quatity-
Demand (QoD) procedure through a newly implemented CAMARA-compliantAQblhtegrated

with the 5G network (see Figure 5). The QoD mechanism operates by dynamically mgatiéyQoS

profile for the connection to the targeted Holo Client, e.g. shifting it from a LowHiigh priority

level. This profile elevation instructs the 5G core to allocate higher schedulingtypraord
preferential radio resources to the targeted session. As a result, the affected XR streams can sustain
low latency and high throughput even under congestion, while norcatitraffic sources are kept
under a best-effort basis.

fsubscriptions/{subscriptionld} profile/{profileld} |lninins the picfin deiifier smnnied lo o ghes st

Updiates, given 8 SubSsCrbey ielifd by Subsraonid T profile seititer a20Ciated 10 e SUDSCT D

Profile: Low or High IMSI or MSISDN of the user

Figure 5: QoD API call showing user identification (IMSI/MSISDN) and requestedepaif("High" or "Low").
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The endto-end workflow from congestion detection to mitigation action, integrgtenablers from

WP2, WP3 and WP4 is illustrated in Figure 6.
(WP3)

>

- _ !E_'/z! Con;és”t'éd i \.
g@? Camera ——)((( ))) II

ption reque st with UE |D

4- Send congestion status

Priotrize holo user

5
w
& o
) =i
7]
{_]J 2- Locate the serving cell Y
HMD for the UE ID c ;i
Holo User gNB ki i

3- Fetching RAN/Core metrics
of serving cell.

0

k. _I_nterfeﬂrer client 1 Interferer client 2

=
~_ Cell

Figure 6: Conceptual interaction flow between Holo Client/User (WP3), Halkes@ator (WP3), Congestion
Detection Function (CDF) (WP4), and CAMARA QoD API (WP4/WP2) within a 5G network to support UCL1.

2.3.2 6GXR enablers adaptation to support UC2

In order to support UC2, three main WP3 enablers (Holo Clients, Holo Orchestrator, Remote
Renderer) have been adapted to appropriately interface the Edge/MEC Orchestrator fromioWP2
achieve the following functionalities: (i) Edge discovery, so that the Holo Sratw can identify

the available Edge server where to run a specific user plane WP3 enabler (e.g., SFU, Mfd&J, Rem
Renderer); (ii) Edge selection, so that the specific media function can be onboarded amnd/as

% ES }( Z}O}PE %Z] Yuupv] 8]}V e ee]}WP W vi]InERR 8F( CT®A]Ju
lifetime.

By leveraging these novel functionalities, the XR application/service will eet@hise different
federated Edge nodes for XR processing offloading e.g., cloudlet selection diffi@rent Edge
orchestrators in multiple domains (both Barcelona and Madrid 6G-XR testbeds), even if theeend
moves. Optimal Edge allocation takes place based on specific goals, e.g. minisigyrgydselecting
the closest Edge to the end user to deploy components to route the user plane traffic.

Next, the main adaptation and interfaces between WP2 and WP3 enablers to sup@@rtare
represented in the following flow diagram (see Figure 7).
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Figure 7: Simple Edge Discovery workflow for UC2.

Upon a request for creating a session, the Holo Orchestrator is requesting the Edge orchestrator
(IEAP) for available Edge nodes (MEC platforms). Moreover, the IEAPabik be find out the most
suitable one (the closest Edge) by surveying the NEF network end-user locatiordiglg, the
closest Edge will be returned to the Holo Orchestrator, as represented in the workfl&igure 7.

Error handling is managed as defined in the IEAP APIls swagger, and includtksolkeas, expired
tokens, invalid API parameters, server errors due to platform issues and responddiragiyao the

Holo Orchestrator.

The XR applications and XR enablers for UC2 have been adapted, typictipecized, to be
deployed into the MEC orchestrator by Capgemini (IEAP) at 5TONIC Edge infrastructure. The IEAP
platform computing model has been designed to place the computational pawe distributed

manner at the Edge of the operator network. This distribution is utilizeen@able IEAP Edge device
applications to push out the compute-heavy components to Edge dataceim the form of low

latency applications or for other reasons like compute offload and backhaul savings.

As depicted in Figure 8 below, the MEC orchestrator at 5TONIC supports appl@diiacts to be
deployed both over containers (Docker, Kubernetes (K8s)) or virtual machines.
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Figure 8: App deployment view with MEC orchestrator at 5TONIC (Madrid) RdssGilith

For the containers virtual type, the artifacts descriptor could be chosen among Helm, Terraform
other container specification so the app provider can define either a Helmchart or a Tersddpn
or container spec.

The information needed to be provided in the Component Descriptor for the Helm charts was:

X Name

x No. Of Instances
x OS Architecture
X Distribution
X License

X OS Version

The app provider had to provide also compute resource requirements such as:

X CPU Architecture
X Number of CPUs
X Memory (Megabytes)
X Storage (Gigabytes)

Regarding the application information to be provided this was:

X Name

x Version

X Mobility support

x Description

x hv E " §P}EC_U upo8]%0o0 SC% * Vv }ve] & U ]Jv opg JvP P u]

It was also possible or the app provider to select a QoS Profile indicating:

X Latency Constraints
x Bandwidth (Mbps)
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X Maximum number of supported Users
Figure 8 presents the Edge infrastructure deployed in Barcelona. The i2CAT Edgenamtiron
comprises several K8s clusters distributed across different locations and centatigged by
i2EDGRJ ]1 d[e Ju%c.o u v3EdJe Or¢liestvator.

The infrastructure integrates heterogeneous cluster setups: the MIA Tower 3 site hosts mdtate-

K8s deployment, whereas the 6G-XR cluster operates within an OpenStack tenant where the K8s

environment has been instantiated. Both clusters are orchestrated through i2ZEDGE, eualflexy
management and coordination.

Within the 6G-XR project framework, i2ZEDGE exposes the available Edge resounagis theoMEF
Manager, which implements the federation interfaces defined by the GSMA OPG (OpeatimnPI

Group) EWBI (East-Westbound Interface) API. In Use Case 2 (UC2), the Barcelona Edge infrastructure

is federated with the 5TONIC site, allowing the latter to access computational resources laocated i
Barcelona. This federation mechanism supports remote application onboarding and difecycl

management across geographically distributed Edge infrastructures.

EWBI API
RedIRIS :
__________--> MEF i2CAT

SN_Provider1

i2EDGE
[ <—> (Edge Orchestrator)

A

<

KES Cluster
ZONE_OC

MADRID EDGE SERVER Cluster Managed by MEF 6G-XR

= Cluster
oot

workeri q worke2_GPU q

.
EDGE Server i2cat®
BCN EDGE @ i2CAT

Figure 9: i2CAT’s Edge deployment in Barcelona.

24 |E&Z "dZh dhz ~» dhW &KZ hi E h1

The infrastructure required in the South Node for the user plane UCs (UC1 and UC2jynsirsho
Figurel0. The elements of the infrastructure that have been deployed or enhanced for thiscproj
are: (i) the Virtual Private Network (VPN) tunnel required to connect i2CAT @idIETsites; (ii) the
5G Radio Access Network (RAN) and User Plane Function solution provided by Esicsseer
]T d % @& ul]s » ]Jv & o}v VEddd¥ o3 Z(}[Eud]y & o}v V ~]Edga&Z
platform located at 5TONIC (in Madrid); (v) the Network Exposure Fun®tieR) within the existing
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5G Core at 5TONIC; and (vi) the VPN tunnel required to connect 5TONIC and UOulwisitstd
benefit from the Trial Controller (TC) and the Unified Web Portal (UWP) functionalities.

sy
ES] 193.166.32.46
- uwp

172.27.101.0/24

10.15.125.0/24

172.27.28.0/24 C.dizcat: £23 sTonic 10.15.126.0/24
EDGE EDGE

1 31205 26/
10.3.205.26/30 C ne

5 >
e P RedIRIS
untagged untagged ‘_")
< z
g " 2 -\ swich (o o )| | LUPF: 5G CORE :n::son
() I :I
( I I ) 10.3.205.25/30 | | ]l e
gnB 1 NRF | iNSSFi
_ , Semssssnsees Zesssesnsess v Sesmsesssess
L —] 172.27.28.2/24 01100116

10.3.205.0/24 )

FigurelO: Infrastructure setup for UGINd UC2

The connectivity between 5TONIC and i2CAT sites is achieved via RedIrist iRetkidackbone
network among research and academic institutions in Spain, part of the pampd&am GEANT
network. It provides a layer 2 VPN connection between sites, so a fepint communication is
configured within the subnet 10.3.205.24/30. The routing is configured on &id#ds to guarantee all
the IP addresses in the design can interconnect. The inter-site conned8vidy must for the
distributed 5G network and for other WP2 enablers to work. For details abouta@&alers, kindly
check D2.3 [1].

To start with, this connectivity grants that the 5G RAN equipment in i2CAT can reach the 5G Core in
5TONIC, and the access of the UEs to the 5G network is managed remotely5& @we control

plane. The 5G RAN deployed by Ericsson includes FR1 plus FR2 bands,legbspegd data rates

for the XR services. Together with the RAN equipment, the solution also includes a User Plan
Function (UPF) in i2CAT premises, allowing to select the UPF in Barcelonthevhpplications are
running in Barcelona Edge. The design is thoroughly described in sectionf2@th D4.1 [5] and

D4.2 [6]. The components of this piece of the infrastructure are configured with IP addri#sthe

range of 10.3.205.0/24. The IP addresses that the UEs will get depend cm WRF they are using

for user plane traffic and is defined as shown in Table 1.

1 https://lwww.rediris.es/lared/index.html.en

2 https://network.geant.org/
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Table 1: IP allocations for UEs in UC1 and UC2.

Fixed IP for UPF Fixed IP for UPF

Barcelona Madrid
M28 10.3.205.85 10.3.202.117
M35 10.3.205.65 10.3.202.97
M36 10.3.205.69 10.3.202.101
M37 10.3.205.73 10.3.202.105
M38 10.3.205.77 10.3.202.109
M39 10.3.205.81 10.3.202.113

The UPF and the QoS that the service traffic will use are tied to different slice profils aartisted
in Table 2 via Service Parameter and QoS Session APIs, each Subscriber Identity Siigdule (
subscriber is associated with a specific slice profile.

Table 2: Slice profile names for UC1 and UC2.

Slice Profile SST SD UPF QoS
madrid-low 1 1 Madrid 5qi 9
barcelona-low 1 2 Barcelona 5qi 9
madrid-high 1 1 Madrid 5qi 6
barcelona-high 1 2 Barcelona 5qi 6
barcelona-interferer 1 2 Barcelona 5qi 5

Additionally, a VPN was configured over Wireguard to connect 5TONIC to UOulu siie n€kied
for the use of the Trial Controller (TC) developed by the project in.\A®part of the TC operation,
the Unified Web Portal (UWP) must contact the South Web portal, which is runniktadnd Edge
For more details on the operation of the TC, kindly check the D4.3 deliverable [3].
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The adaptation of the entb-end (E2E) components of holographic communication services of the
AR platform by MATSUKO is required for successful deployment within the envisioned 6G
architecture by leveraging technological enablers developed in WP2 and WP3.

Holographic communication services were interfaced and integrated with the [fhiddia System

(IMS) Data Channel (D@hplementing 3GPP Rel-18 standards, and the XR-Ready control plane. This
integration involves migrating media user plane components to the Edhgk adigning session
management control functions with the 6%Rcontrol plane APIs at both device and network levels.

The E2E components were adapted to measure and register cross-layer Key Performiaatersnd
(KPIs), such as bandwidth usage, resolution, frame rate, latency, jitter, synchronieatts) packet
loss, and resource consumption.

3.1 Ks Zs/ t K&

Integrating holographic calls directly into a smartphone dialler would alksvauto access and utilize
this advanced communication technology seamlessly without the need for additionatatjpis.

IMS Data Channel is a cutting-Edge, standards-based technology that enhances @&ABtirgick

networks, allowing mobile network operators to deliver improved servicesittions of users. This
technology leverages the inherent strengths of telephony networks, such as Qafeigrvice (QoS)
reliability, seamless mobility, and security, while introducing new cidipab for interactive and

immersive communication.

The workin WP6 achieved several significant milestones. Using IMS Data Channel compliaa¥, devic
the transmission of a one-way holographic call was demonstrated, where a[céllar and torso can

be captured and transmitted as a real-time hologram to the receiver, along withwayoaudio
between them over IMS channels. The holographic service was seamlessly intagtatetive
smartphone diab EU o]Ju]v §]JvP §Z v (1 & ]18]}v 0 %0 %00] S]}veX
advanced holographic service processed and reconstructed the hologram data inublearsuring
high-quality performance.

32 Z ,/d dhXé& i

Figurell identifies the different elements of the network that must be considered when establishing

a holographic call between two users in presentation mode, where one agent usqrredlice a
hologram and a viewer user visualizes it during an IMS Data Channel It8D&th an IMSDC-
capable dialler. The boxes in green and blue and the interfaces among them are the components that
need adaptation to work on an IMS system.
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Figurell: E2E MATSUKO Components Adaptation to IMS Sysiechitecture.

3.3 Wd d/KE K& KDWKEhEd® &KZ

MATSUKO holographic call application, which operates on a public cloisksuebRTQransfer
protocols, public cloud-based hologram reconstruction, and native renderingstardevices like XR

headsets.

For the system to transition and be integrated into an IMS setup, the following steps were necessary:

X Adapt and establish a signalling system.
X Adapt the WebRTC methods for transferring video/audio/data channels to suit IMS data

channels.
x Reimplement the hologram rendering process in WebGL

3.3.1 Adapt and establish a signalling system

The signalling server (Session Manager) is responsible for establishing data chanmeetizionn
between MATSUKO reconstructor server and the IMS system. The Session Manager APl was
extended to meet the integration requirements.

The sequence diagram in Figur2shows the steps for a holographic call using IMS data channels.

3 https://webrtc.org/
4 https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API)
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Figurel2: Sequence Diagram of Holographic Communication Service (ARm)atfor

3.3.2 Adapt the WebRTC methodsadaptation of media components

MATSUKO media user plane components were deployed on Microsoft Azure andnAMEE to
meet the IMS system requirements. This ensured a seamless integration between the systems. The
required application components and the network configuration were adjusted toamnAzure
platform and on Amazon AWS. The containerized deployment approach ensures an adaptatie
deliver the service and makes it simple to do updates.

Between the Media Resource Function (MRF) and MATSUKO reconstructor server, WebRTC data
channels were established, to transfer 3D data over these channels instead of dgaghannels.
The server modifications were implemented to validate the connectivity.

3.3.3 Reimplement the hologram rendering process in WebGL

The holographic receiver is an application capable of establishing IMS data shandelendering
holograms in WebGLFor IMS signalling, IMS Data Channel API integration was delivered for the

5 https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API
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application. For rendering implementation, WebGL technology is usespiagtithe 3D hologram on
the smartphone, as depicted on Figura

Meetinlgy T\

Figurel3: First tests of real-time WebGL in web browser rendering.

Following the redesign of the holographic call to incorporate IMS data eftmrend WebGL

E v E]JVPU 3Z % %o0] 3]}v[e (pv 3]}v 0]S5C A « }Jv(VPu p-3AP 3§ <3]v
Multimedia Telephony (MMTEL) dialler in the browser. Initial tests werdopmed using low-

resolution hologram data and basic hologram rendering algorithms amthgluhe testing the

connection to MATSUKO Media Server (hologram reconstructor), including WelGdraho

rendering, and audio were validated, as depicted on Fig4dteThe client app successfully accepted

signalling from the smartphone dialler.

Figurel4: Screenshot from a holographic call as IMS application with Wedx@lering on a smartphone
display.
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As an additional validation of UX/UI, testing of implementation of the initaitimg screen during
app download (waiting/progress bar) was completed, as shown on Flguaad Figurel 6.

+421 000 000 000

Pownrud iy MATILIKD

Figurel5: Initial Ul design for the IMS holographic call.
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° |
‘ Powered by MATSUKO

S —

Figurel6: IMS Data Channel integration: the user calls a number, a 3D hologearapusing his/her
smartphone.

The implementation and adaptation of holographic calls for 6G architecture via IMSltmtaels
and using WebGL rendering on a smartphone was successfully validated.
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3.3.4 Evaluation of the modifications

To measure the KPIs, a monitoring system was deployed along with the MATSUKO applicatio
containers to gather metrics in real-time on the receiver side during the test Takks monitoring
system automatically gathers KPIs between the Holographic Reconstructbtodmgraphic Receiver

such as bandwidth, latency, jitter and packet loss, which can be visualized in dashidéigtael9
shows a deployed dashboard with measurement of bandwidth and packet transmissiong the

IMS holographic call.

Testing of MATSUKO IMS holographic calls were performed in two different setupming
MATSUKO IMS holographic call over Voice over WiFi (\@nMiFVoice over LTE (VOLTE)

X While running MATSUKO IMS holographic call over VoWIFI (EiQueaverage throughput was
~15,5Mbit/s (= ~1600pkts/s @ packet size 1212 Bytes, std = ~5.3 Mbit/s).

X While running MATSUKO IMS holographic call over VoLTE (Eyueverage throughput was
~12,6Mbit/s (= ~1300pkts/s @ packet size 1212 Bytes, std = ~1.6 Mbits/s).

B Viremback D Gonpte - broem e brgh-peapy ~ o x |a

Figurel?7: Graph of packet dump during MATSUKO IMS call (VoWIFI setup).
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Figurel8: Graph of packet dump during MATSUKO IMS call (VOLTE setup).
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Figurel9: MATSUKO backend monitoring dashboard.

34/E&Z ~"dZh dhz ~ dhW &KZ h i

The infrastructure required in the South Node for the control plane use case (UQ33trated in
Figure20 below. The elements of the infrastructure that have been deployed or enhanced for this
project are: (i) the IMS core functionalities on an Openstack cluster running in 5TRXHE novel

IMS Data Channel (IMSDC) functions in an Azure environment at Madrid ajetine(iMatsuko
application servers in an AWS environment.

/&A?ur'c aws
’ ] =u-u--u-.:
- e i _(.f\T
= DCSF:iMRFi /—\\
ERICSSON ot '
10.56.0.0/21
MATSUKO

! SIGNALING |

....... SERVER.....
@ STONIC .....M.EB..:.[K....

ERICSSON
— /

(Ifl)

oo s ] ‘
0 0
' PRODUCER
VIEWER

10.11.0.0/16

Figure20: Infrastructure setup for UC3.

The IMS core functions are implemented in the virtualized components Call Session Eonttadn

(CSCF), Signalling Border Gateway (SBG) and Border Gateway Function (BGF). The Home Subscrib
Server for IMS (HSS-IMS) has also been deployed for this project to manage the pod\isoMS
subscribers in the network. It is part of the latest releases of the containerized Unified Da
Management (UDM) in the 5G Core offering by Ericsson, so the 5G Core was upgrabedlig o
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G

support that function. The IP address pool configured for the IMS subscribers is 1M&221sd the
UEs connected to the 5G network on the viewer side will get IP addresses assigasdcaylg from

§Z § & vP X dZ

D}E

S ]o-

E] s}v[s /D"

}E

v (Juv

%0 S(}EU [+ Zu(JuE |¢ SZEW}RC
innovation of this projectput it had to be deployed from scratch at 5TONIC to hold the use case.
}uS ]S }% & S]}v

§ @] +}vls %}ES(}o]} A

To be able to communicate with the specific IMSDC functions, an IPSec tunnel nfigsired

between 5TONIC and the Azure environment where the IMSDC VMs were deployed. The VMs are

using IP addresses within the range 10.56.0.0/21. As it was described in WRPatdy [8], the

IMSDC Server (IMSDG@S}he enabler targeted under WP2 scope. It includes the virtualized Data
Channel Signalling Function (DCSF) and the MRF.

The IMSDCS needs to have connectivity with Matsuko application servers. Thengigmallimedia

servers are deployed in an AWS environment and their session management endpoint is eachabl

on the URL wss:thatsuko-6gxr.matsuko.comia public connectivity. The Holographic Interactive
Service (Holot" e
and the MATSUKO signalling and reconstruction servers.

Figure21 shows an overview of the connectivity. The diagram shows all established comsectio

S Z vv o D

]

&uv §]}tv ~

D&e v}

SR

SAZYw §Z

among the components, explaining which type of protocols and chaanelbeing used (IMS Audio,
WebRTC Audio, WebRTC Data Channel, WebSocket for signalling).
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Figure21: Signalling between the Holographic Interactive Service (Holo-1S) DataeChgedia Function
(DCMF) node and the MATSUKO signalling server.
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The preparation of the validation plan and timeline for WP6 was structured around creating a
common template (Annex A) that could be applied consistently across all paend test scenarios.

This template was designed to capture the essential elements of each test case in a clear and
harmonized manner, ensuring that results could be easily compared, aggregatedanafybed
across different platforms and use cases.

The methodology involved collaborative input from technical partners to defirescope of fields

that would cover both technical KPIs (such as bandwidth, latency, jitter) anccesgie Key Value
Indicators (KVIs) (e.g., reliability, fairness), usability or QoE (e.g., perceived qualitigs. By
aligning early on a unified structure, the consortium minimized ambtigguiand streamlined the
validation workflow, allowing test leaders at each site to follow the same logical process foinglann
executing, validating, and reporting. This shared approach also ensured traceability across the
validation timeline, from initial connectivity tests through to full E2E and Quakiations.

Within the template, several key fields were identified to guarantee consistency in test ca
definition and execution. For example, each test case entry included a Test Case ID (e.qg.,
SN_UC3_1.1), the test location (e.g. 5TONIC), and the responsible partners, pracidingtability

and clarity. Additional fields described the test scenario/user story, outliningelyjeence of actions

(e.g., establishing a holographic call between two participants). The metrigsetsection specified

tools such as Grafana dashboards for collecting KPIs, while the environmerdélarencaptured
parameters like network segment (RAN, Edge, core) and whether background traffic was present.
The execution fields further detailed the number of repetitions, elapsed time per tast @minute
holographic sessions), and expected outcomes, such as validated connectivity ablecéatency
thresholds. This structured approach allowed every partner to design and execute tests in a
reproducible way, forming the backbone of the validation process

The KVIs were addressed through a survey questionnaire (Anmék B\Z] Zz P 37 E % ES] 1%
perceptions of the societal, cultural, and environmental impacts of XR technologies. The
questionnaire included demographic and familiarity questions, perémce and impact ratings, and

specific items mapping to KVIs such as inclusiveness, fairness, equal access to services (education,
healthcare, industry), environmental sustainability (reducing travel), and societal sustainaiiity (|

costs, new training and business opportunities). It also assessed acceptance and compahative

of holographic communication against traditional videoconferencing.

42d ~d 7 &/E/d/KE?

4.2.1 UC1 and UC2

UC1 of 6G-XR was split into two main Test Case categories, which are based omgletedt
reacting to congestion situations in the serving 5G cell. In both categufriBsst Cases, the first step
consists of monitoring and detecting congestion situations, probablyngdititerfering traffic, and
immediately notifying the Holo Orchestrator about them. However, the Test Cases diffae in
specific mitigation action adopted to react / overcome the congestion situafionthe one hand,
SN_UC1 1 test cases are based on indicating the active Holo Clients (SN_UG1REmpte
Renderers (SN_UC1_1.2 via WebRTC, SN_UC1_1.3 via DASH) to adapt (lower) théedrdatmi
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on requesting QoD to the 5G network to prioritize the involved holograpdmemunication streams,
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coming from Holo Clients (UC1_2.1) or from the Remote Renderers (UC1_2.2).

Table 3: UC1 Test Cases.

Description and

How Datais

Responsible Validation

lsieEE Rt e S Goal collected Partners Period
Detecthn R Prometheus (and
congestion
. . o2 Grafana) on the
Congestion Detection | situations and holoarahic comm | 12CAT and
SN_UC1_1.] and Client-driven Rate  request the grap . M28-M34
. . platform Ericsson
Adaptation adaptation of the
9 . | components and
Ol veoll & on the 5G network
keep a decent QoS
Detection of 5G
Congestion Detection cpnggstmn Prometheus (and
and Rate Adaptation situations and Grafana) on the
SN_UC1_1. b request the lightweight XR Vicomtech | M28-M34
from Remote Renderel . .
using WebRTC adaptation of the | Client, and ELK on
data rate at the the 5G network
Remote Renderer
. . Detecthn ol oE Prometheus (and
Congestion Detection  congestion
and Rate Adaptation | situations and IR O e
SN_UC1_1. P . : lightweight XR Vicomtech | M28-M34
from Remote Renderel lightweight XR .
. . . Client, and ELK on
using DASH Client adaptation
the 5G network
of the data rate
Detection of 5G
congestion Prometheus (and
Congestion Detection | situations and Grafana) on the
SN UC1 2. and QoD t.rlggermg for regug_st QoD holographic comm IZQAT and M28-M34
- =" holographic comm prioritization to the | platform Ericsson
streams from clients | XR streams from | components and
active holographic | on the 5G network
comm components
Detection of 5G
Congestion Detection | congestion
and QoD triggering for| situations and
SN_UC1_2.! holographic comm request QoD Vicomtech | M28-M34
streams from Remote | prioritization to the
Renderers Remote Renderer
streams

To ensure the correct operation of UC2, four distinct test cases have been deNediC2_2.1,
SN _UC2 2.2, SN_UC2 2.3,and SN_UC2 2.4.

Test cases SN_UC2_2.1 and SN_UC2_2.2 primarily aim to validate the connectivityn béRvee
enablers (developed in WP3) deployed at the i2CAT facilities, as well as thennegton between
the i2CAT and 5TONIC testbeds respectively. These scenarios serve as prelimiparglsitiions,
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facilitating the execution of the subsequent functional tests represented by SN_UC2_2.3 and
SN_UC2_2.4.

SN_UC2 2.3 and SN_UC2_2.4 focus on assessing the functionality of the SimplecBdgey BiBI
(WP2 compute enabler) integrated with the previously validated XR enablers \({t®&). These test
cases enable the selection of the Edge node closest to the UE and allow for theaoléttPIs such
as latency and Round-Trip Time (RTT) to evaluate whether this selection impomrectovity.
Specifically, SN_UC2_2.3 involves selecting the Barcelona Edge, where the S¢afioapjd
deployed, while SN_UC2_2.4 targets the Madrid Edge, hosting the Remote Renderer application.

4.2.2 UC3

Test cases SN_UC3 1.1 and SN_UC3_1.2 are defined to validate the connectivity andupezfofm
one-way IMS Data Chanrtbhsed AR communication using MATSUKO technology, where a
hologram is transmitted in real time to a smartphone viewer.

Test case SN_UC3 1.1 focuses on verifying connectivity by ensuring that all sgsiponents,
Ericsson 5G RAN, standalone/non-standalone 5G core, IMS Data Channel, and MEC rasources
5TONIC, are properly deployed, ports configured, and able to establish a seamless $&ssi
holographic transmission.

Test case SN_UC3_1.2 extends the scope to performance validation, assesdingertdession
behaviour under active holographic communication. It measures key KPIs such as bandwidth,
latency, and jitter collected through Grafana, confirming that the system meets the expected
connectivity and quality thresholds during live hologram rendering.

Together, these test cases provide the baseline verification that underpins subsequent user
experience and QoE evaluations in UC3.

Table 4: UC3 Test Cases.

How Data are Responsible Validation
collected Partners Period

Test Case Ic Test Case Title Description and Goal

Testing and validation | Prometheus (and
of one-way IMS Data | Grafana) on the
IMS Data Channel Channel AR holographic comm

SN_UC3_1.! using MATSUK® | Communication using @ platform gﬂrﬁjT:rLi::ESon M28-M34
connectivity test | MATSUKO technology, components and
all components are on the 5G network
connected. and/or logs.

Testing and validation
of one-way IMS Data | Prometheus (and
Channel AR Grafana) on the
IMS Data Channel Communication using | holographic comm MATSUKO
SN_UC3_1.; using MATSUK® | MATSUKO technology, platform ; M28-M34
. . and Ericsson
E2E test one hologram is being | components and
seen in real time by a | on the 5G network
viewer on the and/or logs.
smartphone.
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4.3.1 UC1land UC2

This subsection details the description, objectives, setups, conditions and expectdd fiesuleach
of the Test Cases as part of UC1 and UC2.

4.3.1.1 UC1 - Congestion Detection and Client-driven Rate Adaptation

UC1- Congestion Detection and Client-driven Rate Adaptation
Test Case ld [SN_UC1_1.1

Test Case Nam{Congestion Detection and Client-driven Rate Adaptation

Test Case § S]iv }( A" }vP «8]}v «]Sp S]tve v E <p S ST 6o IES
Objective keep a decent QoS.
Test Case L
\Validation and KPl Measurements
Category
Test .
. South Node / i2CAT and 5TONIC
Environment
?arcelqna
i2cate® ] Madrid
STONIC
Interferer UE 1 AutctiererUE2 @ L1
fﬂiﬂ'f-‘ iPer TE2
dem -
gﬁg%bsoow Ask?:y%"[leSOOOM
Modem -
O Askey NUQB000OM
........................
e I -
1 =
CDF |CAMARA QoD| :
Test = il i
Deployment :
Setup ST ;
- 1
Orchesraor | " =
Modem - <« ‘ Eriesson 5G Core P
Askey NUQ3000M -
ERICSSON
= =
- 5 =
’ Ericsson 5G gNB 1 g Ericsson 5G gNB 2
FRICSSON ERICSSON

Figure22: SN UC1 1.1 Test deployment setup.

RAN:Ericsson 5G 5G CoreEricsson Edge:SFU Band:n77

gNodeB 5G Core ' Bandwidth: 40 MHz
Testing payload data:
Test software:  [Test devicestaptops as|Audio and Point Cloud

Network Setup

Components under

Test- . test: Holo Client, SFU. Iperf3, Holo Clients, Laptpps a_sstreams for.holograpm
Configuration Holo Orchestrator CDPrometheus, Interferers transmitting icomm session (details
' 77 (Grafana the same serving 5G cejin D3.2) and Iperf3

(UDP) data streams

Initial Conditions/Prerequisites
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1. The 5G access and core network infrastructure are fully operational and configurexd {o-end service
connectivity. The used bandwidth on i2CAT side is 40 MHz on mid-bandwhiat) allows to easily reac
the congestion that the test case needs. The bandwidth on 5TONIC sidéés than on i2CAT side, so
will not limit the performance.

2. The Holo Orchestrator and Selective Forwarding Unit (SFU) components are deployet:graded at
the network Edge, enabling low-latency session management and media distribution.

3. The Congestion Detection Function (CDF) is instantiated within the infrastructuratarfdded with the
5G network for real-time monitoring of radio access performance.

4. The hardware platforms designated for Holo Client execution are pomédiand connected through 5G
Customer Premises Equipment (CPE) to ensure high-throughput uplink andirdoperformance.

5. The systems intended to generate controlled interfering traffic are configured anuected via 5G CPE
facilitating repeatable congestion scenarios for experimental validation.

6. All users have the same low priority profile.

Test scenario

Test steps as follows:

Two Holo Client create a hew holographic communication session over the 5G network.

It is assessed whether the session is stable and of high-quality.

Interfering traffic sources are activated.

Congestion occurs, affecting to the quality and smoothness of the mediaaes

The CDF detects congestion and recommends data rate adaptations to the Holo #ig¢hesHolo

Orchestrator.

The Holo Clients adapt the transmitted data rate, and the quality and #mess of the session is re-

established.

agkrowbdPE

o

Test variables
The Holo Clients send initially a volumetric video stream around 15 Mbgseduoced data rate around 5
Mbps upon congestion alarm notification.
Congestion is added to the network using therf3tool, via UDP traffic.
Expected behaviour/Target Values
1. The holographic communication session is stable (around 15 fps, aroundsl8élays, without
audiovisual artifacts) over 5G when no congestion.
2. The CDF can identify congestion situations in the 5G cell
3. QoS metrics degrade (fps, delays) and audiovisual artifacts when forcing congestion.
4. QoS metrics (fps, delays) are re-established to satisfactory ranges when appigiadaptation
(although with a slightly lower quality of the holograms

4.3.1.2 UC1 - Remote Renderer with WebRTC Network-Assisted Rate Control Test Case

UC1- Remote Renderer with WebRTC Network-Assisted Rate Control Test Cas4
Test Case Ild [SN_UC1 1.2

Test Case Nam{Remote Renderer with WebRTC Network-Assisted Rate Control Test Case

Evaluation of WebRTC network-assisted Rate Control implemented at the Remote Rer
to adjust the video streaming to the monitored network conditions. The system isdeoed
adequate if the Remote Renderer receives information from fourfliestiged XR clients and

Test Case streams the result to a lightweight XR Client, while the Rate Control instructs the Remag
Objective Renderer to adjust the video representation.

Test Case Validation and KPI Measurements

Category

Test

South Node / Indoor laboratory

Environment
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{ e %

User Equipment Traffic Edge
(UE) Generator U
e SFU
@ e ‘ Ene ‘ { " e i
A A
| i ‘
5 XR Native
Test Modem - Modem - ’ 5G Core - OpensGS ELs s @ Client
Quectel 5G &
Deployment Rm300Q-GL Smartphone - '
4 x XR Native Client
Setu p E D | ' gNB - Amarisoft «------~
| | =
L — 56 Radio

Figure23: SN_UCL1_1.2 Test deployment setup.

Network Setup

RAN:Amarisoft gNode

5G CoreOpen5G

Edge:Remote Renderer
configured for WebRTC

Band:n78
Bandwidth: 100 MHz

Test
Configuration

Components under
test: Remote Rendere
Rate Control,
lightweight Web Client

Test software:
Iperf3,
Prometheus,
Grafana, Elastic

Stack

Test devicestaptop with
Quectel modem for Wel
Client, Laptop with 5G
smartphone for traffic

Testing payload data:

WebRTC (SRTP/UDP]
and Iperf3 (UDP) data
streams

generator

Initial Conditions/Prerequisites

1. The Remote Renderer is onboarded at the Edge server but not deployed.

2. The 5G Core and gNodeB are deployed and provide connection betweedgbeaid the UE.
3. The UE is connected to the 5G network.

4. The lightweight XR Client, based on a WebRTC web player, is deployed asibkcbgghe UE.
Test scenario

Test steps as follows:

Four remote users with native full-fledged XR clients are connected through the SFU.

The Remote Renderer is deployed at the Edge server to serve the lightw@&gblient.

The Remote Renderer renders the four remote interactive users in the VR scene.

The lightweight XR Client connects to the Remote Renderer and start an interactive @vaddgion.
The Remote Renderer sends the rendered VR scene through WebRTC to theidigh¥R Client, which
visualizes it and interacts with it.

The lightweight XR Client collects its media streaming metrics during the WebR8G. sessi
Congestion is generated and the WebRTC stream visualization is affected.

The RAN/gNodeB informs the Rate Controller concerning the congestion.

The Rate Controller reduces the Remote Renderer video representation (resddutil bitrate) of the
WebRTC stream.

The WebRTC stream visualization at the lightweight XR Client is restored at &itteeequality.

The lightweight XR Client is stopped, the metric collection is terminated renBémote Renderer frees
the resources.

agkrowdpE

© N

10.
11.

Test variables

The Remote Renderer uses WebRTC to stream video in 4K quality at 30 fps. Congestahtis thgdhetwork
using theiperf3 tool. The congestion is detected, then the Remote Renderer is instructed to changdébe |
streaming quality to 720p and 30 fps.

Expected behaviour/Target Values

1. The Remote Renderer renders five users in the VR scene, including 4 remotwitiserative full-
fledged XR Clients connected through SFU and a lightweight XR Client based on a WebRay@nweb
- Remote Rendering users > 4 interactive users

2. The latency and the RTT between the Remote Renderer and the lightweight XRl@ierat smooth XR

experience.
- Network RTT < 5@s

Co-funded by
the European Union

Page40of 100 © 20232025 6GXRConsortium

i BGSNS



E 4
6GXR| D6.1 Holographic Use case integration and validation ,qu
and KPVI assessment (V 1.@ublic

- Downlink network latency < 28s
- WebRTC RTT <158

4.3.1.3 UC1 - Remote Renderer with DASH Client-based Rate Control Test Case

] UC1 - Remote Renderer with DASH Client-based Rate Control Test Case
Test Case Ild [SN_UC1_1.3

Test Case Nam|Remote Renderer with DASH Client-based Rate Control Test Case

Evaluation of DASH rate control implemented at passive XR Client to select thprép
representation among the available ones generated by the Remote Renderelystamss

Test Case considered adequate if the Remote Renderer can generate three representationsltelpa
Objective while the passive XR Client can switch among them based on monitored network.
Test Case \Validation and KPl Measurements
Category
T
esF South Node / Indoor laboratory
Environment
Ll (| =
User Equipment Headless Edge
(UE) Players
XR Remote
@ XR Client N x Headless Players Renderer
A ,
5G Core -
Test Z‘[od:alln ’ S OpensGS
uecte 5G
Deployment Rm500Q-GL Smartphone
Setup -
E @ gNB - Amarisoft
=
N x DASH Scssions i
| DASH Session 5G Radio

Figure24: SN_UC1_2.Test deployment setup.

RAN:Amarisoft 5G Core: Edge:Remote Renderer Band:n78

gNodeB Open5GS configured for DASH Bandwidth: 100 MHz
Test devicestaptop with
Quectel modem for Web Testing payload data:

Network Setup

Components underTest software:

Test ~ festRemote [Prometheus, |~ antopwith 56 [DASH (HTTP/TCP) dd
Configuration [Renderer, passive |Grafana, Elastic
. smartphone for Headless  |streams
Web Client Stack
Players

Initial Conditions/Prerequisites

1. The Remote Renderer is onboarded at the Edge but not deployed.

2. The 5G Core and gNodeB are deployed and provide connection betweedgbeaid the UE.
3. The UE is connected to the 5G network.

4. The passive XR Client, based on a DASH web player, is deployed and acgetbmidliEb

Test scenario
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Test steps as follows:

1. The Remote Renderer is deployed at the Edge server to serve the pASs®kent through its internal
HTTP server that serves the generated DASH representations.

2. The passive XR Client connects to the Remote Renderer and start a DASH streamingredsisoalize
the remotely rendered content with the highest available video represona highest resolution and
bitrate).

3. The passive XR Client collects its media streaming metrics during the DASH session.

Congestion is generated by starting a number N of DASH headless players.

The passive XR Client detects the network congestion and selects a lower gdalityepresentation

(lower resolution and bitrate).

6. The passive XR Client is stopped, the metric collection is terminatedharemote Renderer frees the
resources.

Test variables

The Remote Renderer provides three DASH representations at 30 fps: 1080p encodédbasl(high), 720q

encoded at 5 Mbps (medium), and 360p encoded at 1 Mbps (low). Network congegjemeisited by

deploying N headless players that download the DASH content. The passive XRaykemgriodically
measures the available throughput and selects the appropriate DASHsesqiation.

Expected behaviour/Target Values

1. The Remote Renderer with its internal HTTP Server serves at least 100 passive u
- Remote Rendering usetdL00 passive users

2. The Remote Renderer generates three DASH video quality representations foepessis.
- Media quality levels from Remote Rendering modules for passive consutBers

S

4.3.1.4 UC1- Congestion Detection and QoD triggering for hologragfdimmunication streams,
from clients

UC1- Congestion Detection and QoD triggering for holographic communicaimams,

from clients

Test Case Ild [SN_UC1 2.1
Congestion Detection and QoD triggering for holographic communication streams, fromn
Test Case Namiclients

Test Case Detection of 5G congestion situations and request QoD prioritization to the XR stfeams
Objective active holographic communication components

et e Validation and KPI Measurements

Category

Test

. South Node / i2CAT and 5TONIC
Environment
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G

Barcelona
i2cat? Madrid
@ S5TONIC
et Interferer UE 2 : 1
- i UE 2
o [ —— g]ﬁ
Client
Headless Client
Modem - N}codem C A
Askey NUQ3000M SRR
Modem -
[o——| Askey NUQR00OM
—_
........................ =
........... Edge ;
iPerf3 Monitoring CDF | [CAMARA QoD \
Test Server system API APL '
Deployment — ;
Setup UE1 Edge E b
Hnlo :I
Holo Client ( =
Orchestrator =
Modem - ——y ‘ Ericsson 5G Core =
Askey NUQ3000M -
ERICTSON
= =
z i z ;
- Ericsson 5G gNB 1 - Ericsson 5G gNB 2
FRICSSON ERICSSON

Figure25: SN UC1_2.1 Test deployment setup.

RAN:EricssorbG

Network Setup gNodeB

5G Core

5G CoreEricsson

Edge:SFU

Band:n77
Bandwidth: 40 MHz

Components under

Test software:

Test test: Holo Client, SFU, |Iperf3, Holo Clients, Laptops ag
Configuration |[Holo Orchestrator, CDPrometheus, Interferers transmitting i
CAMARA QoD API  |Grafana the same serving 5G ce

Test devicestaptops as

Testing payload data:
)Audio and Point Cloud
streams for holographi
comm session (details
in D3.2) and Iperf3
(UDP) data streams

Initial Conditions/Prerequisites

1.

5.

6.

The 5G access and core network infrastructure are fully operational and confifguredd{o-end service|
connectivity. The used bandwidth on i2CAT side is 40 MHz on mid-band (n77), \dvichtaleasily reacl
the congestion that the test case needs. The bandwidth on 5TONIC sideés thian on i2CAT side, so
will not limit the performance.

The Holo Orchestrator and Selective Forwarding Unit (SFU) components are deployet:graded at
the network edge, enabling low-latency session management and media distribution

The Congestion Detection Function (CDF) is instantiated within the infrastructuratarfdded with the
5G network for real-time monitoring of radio access performance.

The hardware platforms designated for Holo Client execution are poo@diand connected through 5G
Customer Premises Equipment (CPE) to ensure high-throughput uplink andirdoperformance.

The systems intended to generate controlled interfering traffic are configured antected via 5G CPE
facilitating repeatable congestion scenarios for experimental validation.

All users have the same low priority profile.

Test scenario

Co-funded by
the European Union
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G

Test steps as follows:

Two Holo Client create a new holographic communication session over the 5G network.
It is assessed whether the session is stable and of high quality.

Interfering traffic sources are activated.

Congestion

agbrowbdrE

6.

The CDF detects congestion and informs the Holo Orchestrator, which decided to trigger @D for
affected streams.
QoD is applied, and the quality and smoothness of the sessiorestablished.

occurs, affecting to the quality and smoothness of the meditbees

Test variables

The Holo Clients send initially a volumetric video stream around 15 Mbps.
Congestion is added to the network using tperf3 tool, via UDP traffic.

Expected behaviour/Target Values

1. The holographic communication session is stable (around 15 fps, aroundsl&@dto-end delays,
without audiovisual artifacts) over 5G when no congestion.

2. The CDF can identify congestion situations in the 5G cell.

3. QoS metrics degrade (fps, delays) and audiovisual artifacts when forcing congestion.

4. QoS metrics (fps, delays) are re-established to satisfactory ranges when apmifing Q

4.3.1.5 UC1 - Quality on Demand for Remote Renderer and WebRTC streaming Test Case

Test Case |d

SN_UC1 2.2

Test Case Nam

Quality on Demand for Remote Renderer and WebRTC streaming Test Case

Evaluation of CAMARA QoD API to prioritize WebRTC traffic generated by the Remote
Renderer under network congestion scenarios. The system is considezgqdatd if the

Test Case CAMARA QoD API guarantees the correct transmission of the WebRTC stream betwe
Objective Remote Renderer and the lightweight XR Client.
Test Case \Validation and KPl Measurements
Category
TesF South Node / Indoor laboratory
Environment
Ua»erI!qu.ll)vmenr.g Traffic D- I:
(UE) Generator UE Edge
|@ XR Client S | m ‘ ‘ = —— | ......... CarsRs o
3
Modem - Modem - 5G Core - OpensGS i Monitoring system
Test Quectel 56 .
Dep |0yment Rm5000Q-GL Smarlphone e :
SetUp E D gNB - Amarisoft «-------- I
\ SGR:dio?
Figure26: SN_UC1_ 2.2 Test deployment setup.
RAN:Amarisoft [Edge:Remote Renderer |Band:n78
NERET S gNodeB oG CoreoperISG'configured for WebRTC [Bandwidth: 100 MHz

Test
Configuration

Components under
test: Remote
Renderer, CAMARA
QoD, lightweight We

Client

Test software:
Iperf3,
Prometheus,
Grafana, Elastic

Test devicestaptop with
Quectel modem for Web
Client, Laptop with 5G
smartphone for traffic

Stack

generator

Testing payload data:
WebRTC (SRTP/UDP]
and Iperf3 (UDP) data
streams
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Initial Conditions/Prerequisites

1. The Remote Renderer is onboarded at the Edge but not deployed.

2. The 5G Core and gNodeB are deployed and provide connection betweedgbead the UE.

3. The CAMARA QoD API is deployed and connected to the 5G Core.

4. The UE is connected to the 5G network.

5. The lightweight XR Client, based on a WebRTC web player, is deployed asibkcbgghe UE.

Test scenario

Test steps as follows:

1. The Remote Renderer is deployed at the Edge server to render the VR sdesenee the lightweight XF
Client.

2. The lightweight XR Client connects to the Remote Renderer and start an interactive @Vetsion.

3. The Remote Renderer sends the rendered VR scene through WebRTC to theidigh¥iR Client, which
visualizes it and interacts with it.

4. The lightweight XR Client collects its media streaming metrics during the WebR®@. sessi

Congestion is generated and the WebRTC stream visualization is affected.

6. The RAN/gNodeB informs the congestion and the CAMARA QoD is activated to prioritizbhlREWV
stream.

7. The WebRTC stream visualization at the lightweight XR Client is restored.

8. The lightweight XR Client is stopped, the metric collection is terminated,fenBémote Renderer frees
the resources.

Test variables

In the initial state, CAMARA QoD is not employed. It is triggered upon detection of tondesnsure

WebRTC transmission between the Remote Renderer and the lightweight XR Client. Two CAMARAIIEs

are configured to separate the traffic into different network slices:

- QoS_M (UL =4 Mbps; DL = 40 Mbps) is employed for prioritising the downlinkdgeaférated from the
Remote Renderer to the lightweight XR Client.

- Qo0S_S (UL =4 Mbps; DL = 4 Mbps) is employed for the background traffic generatedrigitio ipave
network congestion.

a

Expected behaviour/Target Values
1. The latency and the RTT between the Remote Renderer and the lightweight XRil@ert smooth XR
experience.
- Network RTT < 50s
- Downlink network latency < 28s
- WebRTC RTT <158

4.3.1.6 UC2t Performance validation in i2CAT testbed Test Case

‘ UC2t Performance validation in i2ZCAT testbed Test Case
Test Case ID SN_UC2_2.1

Test Case Name [Performance validation in i2CAT (Barcelona) testbed

Testing and validation of enid-end communication among all use case participants
including Holo Orchestrator, SFU and XR Metrics Servers. The Edge orchestrator (IE
Test Case Objectiveomitted as no best Edge selection is needed.

Test Case Category|Connectivity and Performance validation test

Test Environment [I2CAT (Barcelona) testbed
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SFU

Push GW

Prometheus
Grafana | Holo Orchestrator |

|1

Test Deployment
Setup

-
ERICSSON UPF QI(—

(«ll» [
gNB 1

Router Ericsson
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Figure27: SN_UC2_2.1 Test deployment setup.

Band:n77 +
. . . [Ericsson 5 i n258
Network Setup RAN: Ericsson [5G Core: Core MEC: - Bandwidth:

440 MHz

Has
No mobilityBackground [No
Traffic:

Test Configuration End ‘?eY'Ce 2 UEs MOb'“_ty
Density: Level:

Initial Conditions/Prerequisites

The following applications (WP3 enablers) deployed at i2CAT facilities: Holis,Glielo Orchestrator, SFU an
XR Metrics Servers. The total amount of bandwidth available in i2CAT faeghis 40 MHz on mid-band (n77)
plus 400 MHz on high-band (n258), operating in carrier aggregation mode. Thisemaath capacity for the
service traffic as documented in the South Node performance evaluation reports in D4.3 [3].

Test scenario

1. Establish a holographic communication session with one native client.
1.1. Connect the native client to the holographic orchestrator.
1.2. Connect the native client to the SFU.

2. Attach a second native client to the holographic session.

Test variables

The following variables should be satisfied:
1. The endto-end application up and running.
2. Holographic communication session established properly.

Expected behaviour/Target Values
Connectivity established properly.
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4.3.1.7 UC2ti2CAT and 5TONIC testbeds connectivity validation Tese Cas

SN_UC2 2.2
i2CAT and 5TONIC testbeds connectivity validation

Test end to end communication between testbeds (5TONIC and i2CAT). To faciditate
experiment, the same scenario as SN_UC2_2.2 is deployed with the SFU at ifE@aidC
Test Case Objectivepof at i2CAT, and without the Remote Renderer.

Test Case Category|Connectivity test
[2CAT (Barcelona) & 5TONIC (Madrid) testbeds

Test Case ID
Test Case Name

Test Environment

~

Madrid

Capgeminid® ™ @smmc

Barcelona

izcats

7~
EDGE SERVERS EDGE SERVERS + EDGE ORCHESTRATOR (IEAP)

IKM;ldrir] edge1-10.16.126.6

Baroelons sdgs 2

Macirid edge 2 - 10.15.125.10 [ IEAF Central- 10.15.125.12
sFU Edge Orchestratar]
IEAP

Test Deployment
Setup

aNB1

Rauter Ericasan

(. HTX GPU J L A
Figure28: SN_UC2_2.2 Test deployment setup.
Band:n78 +
. . . |[Ericsson 5 ) n258
Network Setup RAN: Ericsson [5G Core: Core MEC: IEAP Bandwidth:
440 MHz
. . Has
Test Configuration End ‘?eY'Ce 2 UEs Mob|||_ty No mobilityBackground [No
Density: Level: Traffic:

Initial Conditions/Prerequisites
The following applications deployed at i2CAT facilities: Holo Orchestrator, XkRdV&rivers. The total amoun
of bandwidth available in i2CAT for this test is 40 MHz on mid-band (n77) plusH0ivhigh-band (n258),
operating in carrier aggregation mode. This grants enough capacity for the service teaffagianented in the
South Node performance evaluation reports in D4.3 [3].
Test scenario
1. Deploy SFU in Madrid through the Trial Controller.
2. Establish a holographic communication session with 2 native clients.
2.1. Connect the native clients to the holographic orchestrator in Barcelona.
2.2. Connect the native clients to the SFU in Madrid.
Test variables
The following variables should be satisfied:
1. Endto-end application up and running.
2. Holographic communication session established properly.

Expected behaviour/Target Values
Connectivity established properly.

Co-funded by
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4.3.1.8 UC2tBest Edge selection for SFU Test Case

UC2t Best Edge selection for SFU Test Case

Test Case ID SN _UC2 2.3
Test Case Name [Best Edge selection for SFU

\With all components deployed as specified in SN_UC2_2.3, and including the IEAP
orchestrator, the objective is to validate the Simple Edge Discovery functigreadabling
Test Case Objectivethe User Equipment (UE) to identify and connect to the nearest Edge natdiadpnthe SFU

Test Case Category|Performance: Latency & RTT
Test Environment [I2CAT (Barcelona) & 5TONIC (Madrid) testbeds

4 EDGE SERVERS + EDGE ORCHESTRATOR (IEAP)

EDGESERVERS Madrid

Ii2‘.?"’_u I + % [ : Barcelona edge 2 : J /—Mad”d i AR CG{?QEJ’WUQ @ STONIC
Faster 7 4 &
‘.-‘5 Barcelona edge 1 - 172.27.26.10 :
N:::I: : gRnisgey e Madrid edgeiz - 10.15.125.1 IEAP Central - 10.15.125.12
e e =
. Holo Orchestr ‘. r\
Test Deployment ATX GPU ke ‘= I|‘| ( Router Ercsson
Setup e Tz i
Native ™ (:ﬁn;)
. | = B ‘
Smwi EES . RouterEricsson ./ o
i RTX GPU - - -- - J \_ .
Figure29: SN_UC2_2.3 Test deployment setup.
Band:n78 +
Network Setup RAN: Ericsson [5G Core: Ericsson 5 MEC: IEAP n258 -
Core Bandwidth:
440 MHz
. . Has
. . End Device Mobilit -
Test Configuration " 2 UEs _y No mobilityBackground [No
Density: Level: Traffic:

Initial Conditions/Prerequisites

The following applications deployed in Barcelona: XR Metrics Servers, SFU, Holo @orha@$te total amount
of bandwidth available in i2CAT for this test is 40 MHz on mid-band (n77) plusHomvhigh-band (n258),
operating in carrier aggregation mode. This grants enough capacity for the service teaffagianented in the
South Node performance evaluation reports in D4.3 [3].

Test scenario

1. Deploy SFU in Madrid through Trial Controller.
2. Establish a holographic communication session with 1 native client.
2.1. Connect the native client to the holographic orchestrator in Barcelona.
2.2. Connect the native client to the SFU in Madrid.
3. Add a second native client to the holographic session.
3.1. The Holographic Orchestrator triggers the Simple Edge Discovery API.
3.2. Holographic Orchestrator selects the SFU deployed in the closest Edge (Barcelona).
Test variables

The following variables should be satisfied:

Endto-end application up and running.

First native client connected to SFU deployed in Barcelona.

Holographic communication session established properly with first native client.
Holographic orchestrator triggers Simple Edge Discovery API properly for the secordheartit/
Second native client connected to SFU deployed in Barcelona.
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Expected behaviour/Target Values
It is expected that RTT results will be lower when the SFU is located at the cldgeso Ehe UE.

4.3.1.9 UC2tBest Edge selection for Remote Renderer Test Case

UC2t Best Edge selection for Remote Renderer Test Case

Test Case ID SN_UC2_2.4
Test Case Name |Best Edge selection for Remote Renderer

With all components deployed as specified in SN_UC2_2.4, and including the Remo
Renderer, the objective is to validate the Simple Edge Discovery fundjoealabling the
User Equipment (UE) to identify and connect to the nearest Edge mustn the Remots
Test Case ObjectiveRenderer.

Test Case Category|Performance: Latency & RTT
Test Environment [I2CAT (Barcelona) & 5TONIC (Madrid) testbeds

e N s -
EDGE SERVERS EDGE SERVERS + EDGE ORCHESTRATOR (IEAP) ! Madrid
Barcelona ; =3 = !
P—— / Madrid edge 1-10.15.126.6 CQPQWN‘ i STONIC
i2catt f[ Barcelona edge 2 ] \ i
B Remote Renderer 1 i ASLower
Barcelona edge 1- 172.27.28.10 | Web player 1 | = 1 ""‘55
i s
(" XRMetrics ! :___ _-\0
Remnmnennmrﬂ || ((Madrid edge 2-10.15.125.10') [ IEAP Central (10.15.125.12) "+ \Web ™
— Web player 2 [ i
56 Push GW Lkl I sFU Edge Orchestrator’ ! Holo
—— Prometheus 1 IEAP *.Client
Native G Holo Orchestrator :\\ B o
TeSt De IO ment Holo b n T T T e e e e SR TRsaE T
o \ / [
p y a _Client 3 '_; RedIRIS / ! —_
Setu CPE-10.3.205.85 _ . VLAN 690 - >,
ATXGPU | eesson | ke 4 gy
W+ ), I
3 @) e @
e ane2 Ly
gNB 1 T CPE-10.3.202.123
| | \Tools Faster
e Router Ericsson ./ \_ y,

Figure30: SN_UC2_2.4 Test deployment setup.

Ericsson 5 Band:n78 + n258
Network Setup RAN: Ericsson [5G Core: MEC: IEAP |Bandwidth:440
Core
MHz
. . Has
Test Configuration End ‘?eY'Cez UEs Mob|||_ty No mobilityBackground [No
Density: Level: Traffic:

Initial Conditions/Prerequisites
The following applications deployed in Barcelona: XR Metrics Servers, Holo OrchieRieatote Renderer. The
following applications deployed in Madrid: SFU, Remote Renderer. The notalrd of bandwidth available in
i2CAT for this test is 40 MHz on mid-band (n77) plus 400 MHz on high-band (n258)nggparedirrier
aggregation mode. This grants enough capacity for the service traffic, as documented intthé&lSde:
performance evaluation reports in D4.3 [3].
Test scenario
1. Establish a holographic communication session with one native client.

1.1. Connect the native client from Barcelona to the holographic orchestrator.

1.2. The holographic orchestrator creates a new holographic session with the natitechaected.
2. Add a web client to the holographic session.

2.1. Connect a second web client from Madrid to the holographic orchestrator.

2.2. The Holographic Orchestrator selects the remote renderer located in Barcelona.

2.3. This second client joins to the session using the remote renderer locatetteidda.
3. Add a second web client to the holographic session.
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3.1. Connect a third web client from Madrid to the holographic orchestrator.
3.2. The Holographic Orchestrator selects the remote renderer located in Madrid.
3.3. This second client joins to the session using the remote renderer locateatindM

Test variables

The following variables should be satisfied:

1. Endto-end application up and running.

2. Holographic orchestrator creates a new session requested by the native client.

3. Holographic orchestrator adds the first web client to the session using a remotenamdeployed in
Barcelona.

4. Holographic orchestrator adds the second web client to the session using a remoteeddployed in
Madrid.

Expected behaviour/Target Values

It is expected that RTT results will be lower when the Remote Renderer isdatdtee closest Edge to the UH

4.3.2 UC3

The validation plan for WP6 UC3 (holographic communication using IMS Dataeghfollows a
structured testing and timeline approach that ensures both technical KPIs and user-centric KVIs are
addressed.

The test plan is centred on two main experiment categories:

X Connectivity and performance validation (SN_UC3_1.1, SN_UC3_1.2),
X Quality of Experience (QOE) questionnaires.

Tests are executed at the 5TON(C ]o]S3CU o A E P]JvP E] **}v[e A' Z E v }E
IMS Data Channel, and Edge computing resources.

4.3.2.1 UC3tIMS Data Channel using MATSUKO - connectivity

UC3 - IMS Data Channel using MATSUKIONnectivity test

Test Case ID SN_UC3 1.1
Test Case Name |[IMS Data Channel using MATSUK®nNnectivity test

Testing and validation of one-way IMS Data Channel AR Communication using MAT
Test Case Obijectivetechnology, all components are connected.

Test Case Category|Connectivity test
Test Environment [STONIC
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T Service e
8
iRk WebSocket :—;
— g
(WebRTC Signalling, ;web:zf;;c :i:,':;" Y 2
App specific API) g p\ | a
MATSUKO L. =
Signaling Server A Holographic
(Session o Sender
\.L Manager) s Public
WebSacket |~ Cloud :
Test Deployment s SN I |
Setup Hologr_aphlc . % WebRTC - olographic Audio <
Receiver 5 " Reconstructor -~ 1 S
{rendering | IMS Audio Audio 7 Server 8
3D (VoITE) A =
holograms) MRE | S —— 3
WebRTC — WaebRTC Public/Edge b~
Data Data Channels Cloud g
Ehannes (eg. 3 data channels)
Figure31: SN_UC3_1.1 Test deployment setup.
. Ericsson 5 .
Network Setup RAN: Ericsson [5G Core: MEC: Public/Edge Cloud
Core
. . Has
' . End Device Mobilit .
Test Configuration " 2 UEs _y No mobilityBackground [No
Density: Level: Traffic:

Initial Conditions/Prerequisites
All components are deployed and firewall specific ports are configured.

Test scenario

1. Start the holographic session with first native client (iPhone).
1.1. Connect the first native client to the Session Manager.
2. Start the second native client.
2.1. Dial a phone number in the Dialler.
2.2. Accept/Initiate the call and connect to the Session Manager.
3. Receive a push notification on the second native client.
Test variables

N/A

Expected behaviour/Target Values

Connectivity established properly. To validate the test the following lshioa satisfied:
1. Both first native client and second native client are connected to the Session Manager.

4.3.2.2 UC3tIMS Data Channel using MATSUKB&2E

‘ UC3t IMS Data Channel using MATSUKBG2E

Test Case ID SN_UC3 1.2
Test Case Name |IMS Data Channel using MATSUKE2E test

Testing and validation of one-way IMS Data Channel AR Communication using MAT]
Test Case Objectivetechnology, one hologram is being seen in real time by a viewer on the sroagph

Test Case Category|E2E performance test
Test Environment [STONIC
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¥

Push Notification

App specific API1) p
= MATSUKO )
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holﬂgrams) ) | MRE | e | T 3
WebRTC : WebRTC Public/Edge ]
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Figure32: SN_UC3_1.2 Test deployment setup.
. Ericsson 5( .
Network Setup RAN: Ericsson [5G Core: Core MEC: Public/Edge Cloud
. . Has
' . End Device Mobilit o
Test Configuration e 2 UEs _y No mobilityBackground |No
Density: Level: T raffic:

Initial Conditions/Prerequisites

Test Case SN_UC3_1.1 passed and connectivity of all components on specific patisasdenvorking.

Test scenario

1. Start the holographic session with first native client (iPhone).
2. Start the second native client.

3. Receive a push notification on the second native client

4. Second native client receives the streaming and renders the hologram on thgpbiorae display.

Test variables

N/A

Expected behaviour/Target Values

Connectivity established properly. To validate the test the following lshioa satisfied:
1. Both first native client and second native client are connected to the Session Manager.
2. Hologram of the first participant is rendered on the second client, on the tpmane display.
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4.4.1 KPIs UC1 and UC2

4411 UC1

- Congestion Detection and Client-driven Rate Adaptation

UC1 - Congestion Detection and Client-driven Rate Adaptation

Test Case ID

SN_UC1 1.1

Test Case Nam

Congestion Detection and Client-driven Rate Adaptation

Test Execution
Date

21-28/10/2025

Test Executed
By

I2CAT & Ericsson

Number of
repetitions

>5 successful repetitions (dataset) but showing evidence for one repetitidnisriable.

Verification Points (VP)

Checkpoint ID

Description of Validation Criteria for checkpoint

A native Holo Client 1 (connected from i2CAT testbed in Barcelona) éstmhlisew holographic

ID #1 communication session, by connecting to the Holo Orchestrater & CPE.
A Holo Client 2 (connected from 5TONIC testbed in Madrid), native oes&gdins the same sessiq
ID #2 .
via a 5G CPE.
ID #3 The 2-user session is established and kept stable.
ID #4 Interfering traffic sources are introduced in the serving 5G cell of El@nt 1.
D #5 Quality of Service (QoS) metrics, like delays, frames per second (fps) and viditg] stati to get
impacted.
The Congestion Detection Function (CDF) detects congestion in the 5G celbarals®mgestion
ID #6 T
alarm notification to the Holo Orchestrator.
Upon receiving the congestion alarm notification, the Holo Orchesttatmyers rate adaptation of
ID #7 .
the streams from Holo Client 1.
D #8 The QoS metrics (delays, fps) are re-established to satisfactory &wkthe hologram gets back to

fluid presentation.

Test Validation
Conditions

All checkpoints have passed in all the repetitions.

Test results

Test run Description Result

ID #1

The Holo Client 1 connects to the 5G network and transmits uplink traffic
corresponding to its audio and volumetric video stream for the hologram
presentation.

Figure33illustrates the uplink PRB utilization by the Holo Client 1 during th

1 test session. Pass

ID #2

The Holo Client 2, connected from the Madrid testheglther native or
headlessv joins the same holographic session through a 5G CPE, thus
establishing a live holographic call, with bi-directional low-latency

1 communication. Pass

ID #3

The two-user holographic session is successfully established anthmad in
a stable manner, ensuring continuous bidirectional data exchange betwee
both Holo Clients through the 5G network.

Figure34 shows the hologram received at Holo Client 2, illustrating the
reconstructed 3D representation for the person captured by Holo Client 1 i

1 real time. Pass

ID #4

Two interfering traffic sources are activated within the serving 5G cell of H
Client 1, generating competing uplink data flows that affect the available re

resources. Pass

ID #5

Pass

As network load increases, QoS metiatich as delay and fpg for the
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holographic video stream begin to degrade due to resource contention.
Figure35illustrates the impact of these effects, showing noticeable increas
latency and decrease of received fps, with magnified fluctuations for both
metrics, at the receiver side.

The Congestion Detection Function (CDF) identifies congestion in the sery
5G cell based on real-time PRB utilization metrics, and it triggers a congeg
alarm notification to the Holo Orchestrator.

Figure36 illustrates the corresponding API calls exchanged between the C
and the Holo Orchestrator during this event. FigBreshows the dashboard

ID #6 1 Al18Z 8Z (o P ~ }vP «8]}v & § Az v ]Jvs E( E| Pass
Upon receiving the congestion notification, the Holo Orchestrator triggers t
ID #7 1 rate adaptation for the client by applying new compression settings. Pass

After the rate adaptation, key QoS metricsuch as latency and frame rates
stabilize, restoring smooth hologram playback and re-establishing satisfac
performance for real-time conversational services.

Figure38illustrates this improvement for the registered metrics, showing th
ID #8 1 enhanced performance after prioritization. Pass

Results / Diagrams

Uplink PRB Utilization

M\

< ) Both interferers transmit within the
g same serving cell as the Holo
o Client, resulting in elevated uplink

utilization and congestion
conditions.

Only Holo client is in the cell

Figure33: Uplink PRB utilization of Holo Client 1 during the holographic seskimming low utilization when the Holg
user is alone in the cell and a sharp increase once the intexfatigat transmitting.

Figure34: Hologram received at Holo Client 2, representing the real-time 3D pegm@sentation captured and
reconstructed by Holo Client 1 and sent to Holo Client 2 via the 5G network.
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Application FRS

]

Degradation of
FPS when both

interferers are

ON

Application Latency

Increase of
atency when
both interferers
are ON

Figure35: Degradation of QoS metrics (FPS and Latency) due to uplink congestion.

PRB Load jumps
increased above 80%
indicating cell
congestion

Alarm is triggered by
CDF declaring
congestion on the
serving cell

Figure36: API call sequence between the Congestion Detection Function (CDF) and thelésima@or following
congestion detection.
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Figure37: Congestion alarm flag displayed in the dashboard, indicatingribatork congestion is detected when
interfering traffic sources are introduced.

Figure38: Recovery of QoS and hologram playback smoothness after rate adaptatiasidaClient 1.

4.4.1.2 UC1 - Remote Renderer with WebRTC Network-Assisted Rate Control Test Case

UC1 - Remote Renderer with WebRTC Network-Assisted Rate Control Test Case
Test Case ID SN _UC1 1.2

Test Case Nam{ Remote Renderer with WebRTC Network-Assisted Rate Control Test Case
Test Execution

15-19/09/2025
Date
Test Executed VICOM
By
Number of Two repetitions are performed without congestion (Test ruR)1-
repetitions Two repetitions are performed with congestion (Test rus)3-

Verification Points (VP)
Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Measurement of network latency and RTT between Edge and UE.
ID #2 Deployment of Remote Renderer with WebRTC configuration.
Remote Renderer renders four remote users in the VR scene and gerfeadetRTC stream for a|

ID #3 fifth user connected with a lightweight XR Client.

ID #4 Lightweight XR Client visualizes the WebRTC stream and collects mediarsesscs.

ID #5 If network is congested, WebRTC stream experiences higher packet loss.

ID #6 If network is congested, RAN/gNodeB reports it.

ID #7 If network is congested, the video representation of WebRTC stream isdedwspmpensate it.
D #8 Remote Renderer and lightweight XR Client are stopped, datasets (WebRTC Bgmasttieus

metrics) are exported, and average RTT of WebRTC sessionlétedlcu
Test Validation | All checkpoints have passed in all the repetitions.
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Conditions

Test results Test run Description Result
ID #1 1-2 Figure39 Pass
ID #2 1-2 Figure40 Pass
ID #3 1-2 Figure41 and Figurel2 Pass
ID #4 1-2 Figure41 and Figure4?2 Pass
ID #5 1-2 Figure4?2 Pass
ID #6 1-2 Figure43 Pass
ID #7 1-2 Figure4?2 Pass

Figured4. Collected data and logs at https://github.com/SNS-JU/6gxr-
ID #8 1-2 _ucl remote_renderer_dataset/ Pass
Results / Diagrams

Figure39: Network latency and RTT for test run 1 (left) and 2 (right).

Figure39 shows the measurements obtained for the network latency and RiEasured through gperf and ping too|
at the beginning of test runs 1 and 2. These results prove that th&ank is working correctly, guaranteeing minim
delay for the video streaming between the Remote Renderer and the lightweight XR Client.

Figure40: Usage of CPU and RAM when the Remote Renderer is started during test mymad2f(right).

Figure40 shows the CPU and RAM consumed by the Remote Renderer to executadieeng process and generat
the WebRTC stream during the test runs 1 and 2.

° "players": [

- e : {
B — ™ i Tl ﬁ “playerId": 2311614262,
—_ . 'M 4 / 4 Z, "playerName": "vicom2",

"playerRepresentationType": "5"

4444444444

“playerId": 3338192568,
“playerName": “vicom3",
"playerRepresentationType": "5"

e

"playerId": 3154351566,
“playerName": “vicomd",
"playerRepresentationType": "5"

"playerId"”: 3905606341
“playerName": "vicom5",
"playerRepresentationType": "5"

“playerId": 1105462613
"playerName": "vicom",
"playerRepresentationType”: "5"

1,
“timestamp": "Mon Sep 68 2025 11:21:46 GMT+6200 (Central European Summer Time)",

Figure41: Visualization of WebRTC stream from lightweight XR Client and list of @sgtiveessions.
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Figure4l presents the WebRTC stream visualized by the lightweight XR Client, Wwkevi&ktscene includes the oth
four remote users. The figure also presents the list of fivevaaiser sessions at the Holo Orchestrator. Similar res
are obtained for both test runs 1 and 2.

Figure42: WebRTC session metrics collected during test run 1 (a) and 2 (b).
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G

Figure42 presents the video streaming metrics collected at the lightweight XR Cligimtgdtest runs 1 and 2. Thes
metrics confirm that network worked properly during all the media E@gsas no congestion was presented in t
network. The Remote Renderer did not reduce the video representaifoine WebRTC stream, as packet loss

video freezes were adequate for streaming the video at 4K.

Avg PRB Usage %

Figure43: Average Physical Resource Blocks (PRBs) usage during test run 1 (left) and 2 (right).

The PRBs usage at the gNodeB, presented in F#&fJrehows that during test runs 1 and 2 the network was

AvgPRB Usage %

@timestamp per 10 seconds @timestamp per 5 seconds

« Downiink

saturated and still capable to allocate more network traffic.

a2

— currentRoundTripTime — currertRoundTripTime

Aound Trip Time (sech

The RTT measurements performed by WebRTC protocol are shownitie £gThe average RTT during test run 1

Figure44: Current RoundTripTime of WebRTC during test run 1 (left) and 2 (right).

100 150 00 o 50 100 150
Test time |sec Test time [zac)

31.8 ms with, while during test run 2 was 31.1 ms.

Test results Test run Description Result
ID #1 3-4 Figure45 Pass
ID #2 3-4 Figure46 Pass
ID #3 3-4 Figure48 and Figurel9 Pass
ID #4 3-4 Figure47 and Figurel9 Pass
ID #5 3-4 Figured7 Pass
ID #6 3-4 Figure48 Pass
ID #7 3-4 Figure48 and Figurel9 Pass
Figure50. Collected data and logs at https://github.com/SNS-JU/6gxr-
ID #8 3-4 _ucl remote_renderer_dataset/ Pass

Results / Diagrams
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v

Figure45: Network latency and RTT for test run 3 (left) and 4 (right).

Figure45 shows the measurements obtained for the network latency and@, Rieasured througlgperf andping tools
at the beginning of test runs 3 and 4. These results prove that tiwank is working correctly, guaranteeing minim
delay for the video streaming between the Remote Renderer and the lightweight XR Client.

Figure46: Usage of CPU and RAM when the Remote Renderer is started during test mymBd&f(right).

Figure46 shows the CPU and RAM consumed by the Remote Renderer to executedieeng process and generat

the WebRTC stream during the test runs 3 and 4.
e
<

>

Figured?: Visualization of WebRTC stream at 4K (left) and 720p (right) from lightweight XR Client.

Figure47 presents the WebRTC stream visualized by the lightweight XR Client, Wubkevi&ktscene includes the oth
four remote users. The left image shows the 4K video at the bawgjrof the transmission, while the right one the 72
video after the Remote Renderer switch the video representation. &imgbults are obtained for both test runs 3 al
4.
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Figure48: WebRTC session metrics collected during test run 3 (a) and 4 (b).

Figure48 presents the video streaming metrics collected at the lightweight XR Cliengdest runs 3 and 4. The figu
shows that the video was affected by packet loss and presented feduzeng its playback. As a result, the Rem
Renderer changed the video representation of the WebRTC stream from 4K to 728gut® the amount of networl
resources needed for the transmission.
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AvgPRB Usage %
Avg PRB Usage

@timestamp per 10 seconds @timestamp per 10 seconds

Figure49: Average Physical Resource Blocks (PRBs) usage during test run 3 (left) and 4 (right).

The PRBs usage at the gNodeB, presented in M@shows that during test runs 3 and 4 the network was congeg
affecting the video transmission at 4K and forcing the Remote Renderer to switch to 720p.
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Figure50: RoundTripTime of WebRTC during test run 3 (left) and 4 (right).

The RTT measurements performed by WebRTC protocol are showmiiie 3dgThe average RTT during test run 3 \f
32.1 ms with, while during test run 4 was 36.1 ms. These values gitertthan the obtained in test runs 1 (31.8 m
and 2 (31.1 ms), but still adequate for real-time video streaming betvtke Remote Renderer and the lightweight
Client.

4.4.1.3 UC1 - Remote Renderer with DASH Client-based Rate Control Test Case

UC1 - Remote Renderer with DASH Client-based Rate Control Test Case

TestCaseID | SN_UC1 1.3

Test Case Nam{ Remote Renderer with DASH Client-based Rate Control Test Case

Test Execution 15-19/09/2025

Date

Test Executed VICOM

By

Number of Four repetitions with different congestion scenarios: Test run 1 with O heaglagers, Test run 2
repetitions with 10 headless players, Test run 3 with 50 headless players, Test run 4 withatlléskeplayers.

Verification Points (VP)
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Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Deployment of Remote Renderer with DASH configuration.

ID #2 Remote Renderer generates the DASH stream with three different videcergptams (resolutions
and bitrates).

ID #3 Passive XR Client visualizes the DASH stream with the highest video represanthtiollects medig
session metrics.

ID #4 N headless DASH players are started to generate network congestion.

ID #5 If passive XR Client detects congestion, it selects a lower video representation

ID #6 Remote Renderer is stopped, and datasets (Prometheus metrics) are exported.

-(I;iit d\i/ti&;h:satlon All checkpoints have passed in all the repetitions

Test results Test run Description Result

ID #1 1-4 Figure51 Pass

ID #2 1-4 Figure52 and Figuré1 Pass

ID #3 1-4 Figure52 and Figuré1 Pass

ID #4 1-4 Figure51 Pass

ID #5 1-4 Figure51 Pass

ID #6 Collected data and logs at https://github.com/SNS-JU/6gxr- Pass
1-4 _ucl _remote_renderer_dataset/

Final Diagrams

Figureb51: Usage of CPU and RAM when the Remote Renderer is started during testiruns 1-

Figure51 shows the CPU and RAM consumed by the Remote Renderer to executadieeng process and generat
the DASH stream with three video and one audio representations during the testLii

Figure52: DASH MPD with three video and one audio representations employed thstingns 14.
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Figure52 presents the DASH Media Presentation Description (MPD) generated by the RemdezdR when encoding
three video and one audio representations. The figure also shbey®ASH stream visualized by the passive XR C
Similar results are obtained for the four test runs.

4.4.1.4 UC1 - Congestion Detection and QoD triggering for holograpgtoenm streams, from
clients

UC1 - Congestion Detection and QoD triggering for holographic comm stsefnom clients
SN_UC1 2.1

Test Case ID

Test Case Nam

Congestion Detection and QoD triggering for holographic comm streams, from clients

Test Execution
Date

21-28/10/2025

Test Executed
By

I2CAT & Ericsson

Number of
repetitions

> 5 successful repetitions (dataset), but showing evidences for one repéititithis table.

Verification Points (VP)

Checkpoint ID

Description of Validation Criteria for checkpoint

A native Holo Client 1 (connected from i2CAT testbed in Barcelona) éstmhblisew holographic

ID #1 communication session, by connecting to the Holo Orchestrator via 6G C
A Holo Client 2 (connected from 5TONIC testbed in Madrid), native or heaiitessih)§ same sessio
ID #2 .
via a 5G CPE.
ID #3 The 2-user session is established and kept stable.
ID #4 Interfering traffic sources are introduced in the serving 5G cell of Bl@nt 1.
D #5 Quality of Service (QoS) metrics, like delays, frames per second (fps) and viditg] stati to get
impacted.
The Congestion Detection Function (CDF) detects congestion in the 5G celbaradl@s®mgestion
ID #6 P
alarm notification to the Holo Orchestrator.
Upon receiving the congestion alarm notification, the Holo Orchesttatmers QoD to raise the
ID #7 - .
priority of the streams from Holo Client 1.
D #8 The QoS metrics (delays, fps) are re-established to satisfactory ledeleadmlogram gets back to 4

fluid presentation.

Test Validation
Conditions

All checkpoints have passed in all the repetitions.

Test results

Test run Description Result

ID #1

The Holo Client connects to the 5G network and transmits uplink traffic
corresponding to its audio and volumetric video stream for the hologram
presentation.

Figure53illustrates the uplink throughput experienced by the Holo Client 1

during the test session. Pass

ID #2

The Holo Client 2, connected from the Madrid testheglther native or
headlessv joins the same holographic session through a 5G CPE, thus
establishing a live holographic call, with bi-directional low-latency

communication. Pass

ID #3

The two-user holographic session is successfully established anthmad in
a stable manner, ensuring continuous bidirectional data exchange betwee
both Holo Clients through the 5G network.

Figure54 shows the hologram received at Holo Client 2, illustrating the
reconstructed 3D representation for the person captured by Holo Client 1 i

real time. Pass

ID #4

Two interfering traffic sources are activated within the serving 5G cell of H{ Pass

Co-funded by
the European
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Client 1, generating competing uplink data flows that affect the available rg
resources.

Figure55 and Figuré6 show the activity of both interferers, confirming that
each is actively transmitting traffic during the holographic session.

ID #5

As network load increases, QoS metiacsich as delay and fpg for the
holographic video stream begin to degrade due to resource contention.
Figure57 illustrates the impact of these effects, showing noticeable increas
latency and decrease of received fps, with magnified fluctuations for both
metrics, at the receiver side.

Pass

ID #6

The Congestion Detection Function (CDF) identifies congestion in the sery
5G cell based on real-time PRB utilization metrics, and it triggers a congeg
alarm notification to the Holo Orchestrator.

Figure58illustrates the corresponding API calls exchanged between the C
and the Holo Orchestrator during this event. Figh®shows the dashboard
Al8Z 8Z (o P ~ }vP «38]}v 8§ & Az v ]vs E( E

Pass

ID #7

Upon receiving the congestion notification, the Holo Orchestrator triggers {
QoD mechanism, which dynamically adjusts network policies to elevate th
priority of the streams from Holo Client 1. This ensures preferential resour
allocation and improved service continuity under congested conditions.

Pass

ID #8

Following the activation of QoD, the QoS metriéscluding latency, and fps
recover to stable and satisfactory levels, and the playback continuity and
smoothness of the hologram, as well as the real-time conversationatesyvi
are restored to satisfactory levels.

Figure60 illustrates this improvement for the registered metrics, showing th
enhanced performance after prioritization.

Pass

Results / Diagrams

Figure53: Uplink throughput of Holo Client 1 during the holographic sessimwing sustained transmission rates oV
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s i sseD

Figure54: Hologram received at Holo Client 2, representing the real-time 3D pegmsentation captured and
reconstructed by Holo Client 1 and sent to Holo Client 2 via the 5G network.
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Figure55: Traffic activity of Interferer 1 within the serving 5G cell of Holotdld@ndicating active uplink transmissior
and thus contributing to increased network load.
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Figure56: Traffic activity of Interferer 2 within the same 5G cell, contributingtceased network load.
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G

Figure57:

FPS

0
09:13:50

20

o

latency (ms)

=]

0
09:13:50

PRB

09:15:30

09:15:30

Application FPS

09:17:10 08:18:50 08:20:30 09:22:10 09:23:50 09:25:30
Time
Application Latency
09:17:10 09:18:50 09:20:30 09:22:10

Time

Degradation of QoS metrics (FPS and Latency) due to uplink congestion.
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increased above 80%
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Alarm is triggered by
CDF declaring
congestion on the
serving cell.

Figure58: API call sequence between the Congestion Detection Function (CDF) and theliésiwa@or following

congestion.
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+ QoD disablad

Figure59: Congestion alarm flag displayed in the dashboard, indicatingrib@tork congestion is detected when
interfering traffic sources are introduced.

Figure60: Recovery of QoS and hologram playback smoothness after activation ofBheé€dhanism for Holo Client

4.4.1.5 UC1 - Quality on Demand for Remote Renderer and WebRTC streaming Test Case

UC1 - Quality on Demand for Remote Renderer and WebRTC streaming Test Case

Test Case ID SN_UC1 2.2
Test Case Nam{ Quality on Demand for Remote Renderer and WebRTC streaming Test Case
Test Execution

15-19/09/2025
Date
Test Executed VICOM
By
Number of Two repetitions are performed without congestion (Test ruR)1-
repetitions Two repetitions are performed with congestion (Test rua)3-

Verification Points (VP)

Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Measurement of network latency and RTT between Edge and UE.

ID #2 Deployment of Remote Renderer with WebRTC configuration.

Lightweight XR Client connects to the Remote Renderer, visualizes the Web&M@istt collects

ID #3 ) . X
media session metrics.

ID #4 If network is congested, WebRTC stream experiences higher packet loss.

ID #5 If network is congested, RAN/gNodeB reports it.

D #6 If nit\/\:olrk is congested, CAMARA QoD API is triggered, and the WebRTC stream egpevienc
packet loss.
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D #7 Rem.ote Renderer and lightweight XR Client are stopped, (.jata}sets (WebRTC Bgmaettieus
metrics) are exported, and average RTT of WebRTC sessionlaedlcu

E?)itd\i{ijlr?:tlon All checkpoints have passed in all the repetitions.

Test results Test run Description Result

ID #1 1-2 Figure6l Pass

ID #2 1-2 Figure62 Pass

ID #3 1-2 Figure63 Pass

ID #4 1-2 Figure63 Pass

ID #5 1-2 Figure64 Pass

ID #6 1-2 Figure63 Pass

Figure65. Collected data and logs at https://github.com/SNS-JU/6gxr-
ID #7 1-2 _ucl _remote_renderer_dataset/ Pass

Results / Diagrams

tcp_lat:

Figure61: Network latency and RTT for test run 1 (left) and 2 (right).

Figure61 shows the measurements obtained for the network latency and, Rieasured througlgperf andping tools
at the beginning of test runs 1 and 2. These results prove that tiveank is working correctly, guaranteeing minim
delay for the video streaming between the Remote Renderer and the lightweight XR Client.

Figure62: Usage of CPU and RAM when the Remote Renderer is started during tesefyratd12 (right).

Figure62 shows the CPU and RAM consumed by the Remote Renderer to executedieeng process and generat
the WebRTC stream during the test runs 1 and 2.
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Figure63: WebRTC session metrics collected during test run 1 (a) and 2 (b).

Figure63 presents the video streaming metrics collected at the lightweight XR Cligimgdtest runs 1 and 2. Thes
metrics confirm that network worked properly during all the media E@gsas no congestion was presented in t
network. The Remote Renderer generated a 4K video representatiangdall the media sessions and the CAMA
QoD API was not triggered, as packet loss and video freezes were adequate for the gireamin
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Figure64: Network bitrate and average Physical Resource Blocks (PRBs) usage during 1g$eft) and 2 (right).

The PRBs usage at the gNodeB, presented in Féguslrows that during test runs 1 and 2 the network was not
saturated and still capable to allocate more network traffic.

Figure65: RoundTripTime of ®RTC during test run 1 (left) and 2 (right).

The RTT measurements performed by WebRTC protocol are shownmiiie @5gThe average RTT during test run 1
32.6 ms with, while during test run 2 was 25.9 ms.

Test results Test run Description Result
ID #1 3-4 Figure66 Pass
ID #2 3-4 Figure67 Pass
ID #3 3-4 Figure68 Pass
ID #4 3-4 Figure68 Pass
ID #5 3-4 Figure69 Pass
ID #6 3-4 Figure68 and Figure59 Pass
ID #7 3-4 Figure67 Pass
Figure70. Collected data and logs at https://github.com/SNS-JU/6gxr-
ID #8 3-4 _ucl remote_renderer_dataset/ Pass

Results / Diagrams
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Figure66: Network latency and RTT for test run 3 (left) and 4 (right).
Figure66 shows the measurements obtained for the network latency and, Rieasured througlgperf andping tools

at the beginning of test runs 3 and 4. These results prove that titwank is working correctly, guaranteeing minim
delay for the video streaming between the Remote Renderer and the lightweight XR Client.

Figure67: Usage of CPU and RAM when the Remote Renderer is started during tesefiyraBdl4 (right).

Figure67 shows the CPU and RAM consumed by the Remote Renderer to executadieeng process and generat
the WebRTC stream during the test runs 3 and 4.
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Figure68: WebRTC session metrics collected during test run 3 (a) and 4 (b).

Figure68 presents the video streaming metrics collected at the lightweight XR Cliengdest runs 3 and 4. The figu
shows that the video was affected by packet loss and presented freezegydis playback. As a result, the CAMA|
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QoD API was triggered to separate the WebRTC traffic from the background gexfferated throughperf tool. After
triggering CAMARA QoD API, the video transmission reduced the amount of lestispeaudk experienced less freezes.

Figure69: Average Physical Resource Blocks (PRBs) usage during test run 3 (left) and 4 (right).

The PRBs usage at the gNodeB, presented in Fé§ugleows that during test runs 3 and 4 the network had congest
(PRBs usage around 0.9), but this was alleviated by triggering CAMARA QoD API.

Figure70: RoundTripTime of webrtc during test run 3 (left) and 4 (right).

The RTT measurements performed by WebRTC protocol are shownmiii@ FlgThe average RTT during test run 3
29.7 ms with, while during test run 4 was 29.0 ms. These values gnelwith the ones obtained in test runs 1 (34

ms) and 2 (25.9 ms) and adequate for real-time video streaming bettheeRemote Renderer and the lightweight
Client.

SN_UC1 was demonstrated live at the 6G-XR Impact Day hosted at 5TONIC. d’ e addessible
here:6GXR - YouTube

44.1.6 UC2tPerformance validation in Barcelona testbed Test Case

UC2t Performance validation in Barcelona testbed Test Case

Test Case ID SN _UC2 2.1
Test Case Nam{ Performance validation in Barcelona testbed
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Test Execution

22/10/2025
Date
Test Executed 12CAT
By
Numpgr i One repetition
repetitions

Verification Points (VP)

Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Connect first native client to holographic orchestrator.

ID #2 Connect first native client to SFU.

ID #3 Connect second native client to holographic orchestrator.

ID #4 Connect second native client to SFU.

ID #5 Validate both users see each other in the session.

-Ic—iitd\iﬁlr?sa“on All checkpoints have passed in all the repetitions.

Test results Test run Description Result
ID #1 1 Figure71 Pass
ID #2 1 Figure71 Pass
ID #3 1 Figure71l Pass
ID #4 1 Figure71 Pass
ID #5 1 Figure72 Pass

Results / Diagrams

Figure71. Holo Orchestrator number of players in a certain session.
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Figure72: Session with two clients connected.

4.4.1.7 UC2ti2CAT and 5TONIC testbeds connectivity validation TeseCas

UC2ti2CAT and 5TONIC testbeds connectivity validation Test Case

Test Case ID

SN_UC2 2.2

Test Case Namg

i2CAT and 5TONIC testbeds connectivity validation

Test Execution
Date

23/10/2025

Test Executed
By

I2CAT & Capgemini

Number of
repetitions

One repetition

Verification Points (VP)

Checkpoint ID

Description of Validation Criteria for checkpoint

ID #1

Deploy SFU in Madrid through Trial Controller.

ID #2 Connect two native clients to holographic orchestrator.
ID #3 Connect two native clients to SFU in Madrid.
ID #4 Validate both users see each other in the session.
'CF:?)Snt d\i/t%':stlon All checkpoints have passed in all the repetitions.

Test
Test results run Description Result
ID #1 1 Figure73 and Figur&g4 Pass
ID #2 1 Figure71 (Validated in TestCase SN_UC2 2.1) Pass
ID #3 1 Figure75 Pass
ID #4 1 Figure72 (Validated in TestCase SN_UC2 2.1) Pass

Results / Diagrams
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Figure73: Experiment creation through Trial Controller for SFU deploymevadrid.

Figure74: SFU instance created in Madrid.

Figure75: Holo Orchestrator active users per SFU.
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4.4.1.8 UC2tBest Edge selection for SFU Test Case

UC2t Best Edge selection for SFU Test Case

Test Case ID SN _UC2 2.3
Test Case Nam{ Best Edge selection for SFU
Test Execution

24/10/2025
Date
;‘;St Executed | ., AT & Capgemini
Numpgr i One repetition
repetitions

Verification Points (VP)
Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Connect first native client to holographic orchestrator.
D #2 Holographic Orchestrator triggers Simple Edge Discovery API wkhaaltlless of a device located
in Madrid.
ID #3 Connect first native client to SFU in Madrid.
ID #4 Connect second native client to holographic orchestrator.
ID #5 Holographic Orchestrator triggers Simple Edge Discovery API| vathritd® address.
ID #6 Connect second native client to SFU in Barcelona.
ID #7 Obtain RTT metrics from the first client to the SFU in Madrid.
ID #8 Obtain RTT metrics from the second client to the SFU in Barcelona.
ID #9 Validate both users see each other in the session.
Test Validation . . .
Conditions All checkpoints have passed in all the repetitions.
Test
Test results run Description Result
ID #1 1 Figure71 (Validated in TestCase SN_UC2_2.1) Pass
ID #2 1 Figure76 Pass
ID #3 1 Figure75 (Validated in TestCase SN_UC2_2.2) Pass
ID #4 1 Figure71 (Validated in TestCase SN_UC2_2.1) Pass
ID #5 1 Figure76 Pass
ID #6 1 Figure75 (Validated in TestCase SN_UC2_2.2) Pass
ID #7 1 Figure77 Pass
ID #8 1 Figure77 Pass
ID #9 1 Figure72 (Validated in TestCase SN_UC2_2.1) Pass

Results / Diagrams
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SN_UC2_2.4,

Figure76: Simple Edge Discovery calls from a UE located in Barcelona amé focated in Madrid.

To validate the benefit of using the Simple Edge Discovery, the Holo OrchestramttelSimple Ed
Discovery API using on one hand an IP address from Barcelona (real logatiam) the other hand anoth
IP address from Madrid (simulated location). In this way, one UE will be cedntxithe SFU located
Barcelona (which would be the optimal Edge achieving minimum delayjhandther to the SFU located
Madrid (higher delay). Thus, the metrics comparison is done effectively. The lsgppens in the TestCa

Figure77: Latency for UE interacting with SFU in Barcelona (yellow) and for UE intersithir®U in Madrid (purple

but for the remote renderers selection instead of SFUs.

4.4.1.9 UC2tBest Edge selection for Remote Renderer Test Case

UC2t Best Edge selection for Remote Renderer Test Case

TestCase ID | SN_UC2 2.4
Ui Best Edge selection for Remote Renderer
Name

Test Execution
Date

24/10/2025

Test Executed
By

I2CAT & Capgemini

Number of
repetitions

> 5 successful repetitions, but showing evidences for one repetitiongriahle

Verification Points (VP)
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Checkpoint ID

Description of Validation Criteria for checkpoint

ID #1

Connect first native client (located in Barcelona) to holograpieicestrator.

ID #2 Connect first native client to SFU in Madrid.

ID #3 Connect first web client (located in Madrid) to holographic cstragor.

ID #4 Connect first web client to SFU in Madrid.

D #5 Holographic Orchestrator triggers Simple Edge Discovery AP| wkhaatilless of a device located
Barcelona.

ID #6 Connect first web client to remote renderer located in Barcelona.

ID #7 Connect second web client (located in Madrid) to holographic drebes

ID #8 Connect second web client to SFU in Madrid.

ID #9 Holographic Orchestrator triggers Simple Edge Discovery AP| withirite® address.

ID #10 Connect second web client to remote renderer located in Madrid.

ID #11 Obtain RTT metrics from first web client to the remote renderer in Baecelon

ID #12 Obtain RTT metrics from second web client to the remote renderer in Madrid.

ID #13 Validate both web clients see each other and the native client

Test

Validation All checkpoints have passed in all the repetitions.

Conditions

Test results Test run Description Result

ID #1 1 Figure71 (Validated in TestCase SN_UC2_2.1) Pass

ID #2 1 Figure75 (Validated in TestCase SN_UC2_2.2) Pass

ID #3 1 Figure71 (Validated in TestCase SN_UC2_2.1) Pass

ID #4 1 Figure75 (Validated in TestCase SN_UC2_2.2) Pass

ID #5 1 Figure76 (Validated in TestCase SN_UC2_2.3) Pass

ID #6 1 Figure76 (Validated in TestCase SN_UC2_2.3) Pass

ID #7 1 Figure71 (Validated in TestCase SN_UC2_2.1) Pass

ID #8 1 Figure75 (Validated in TestCase SN_UC2_2.2) Pass

ID #9 1 Figure76 (Validated in TestCase SN_UC2_2.3) Pass

ID #10 1 Figure76 (Validated in TestCase SN_UC2_2.3) Pass

ID #11 1 Figure78 Pass

ID #12 1 Figure78 Pass

ID #13 1 Figure79 Pass

Results / Diagrams

Figure78: RTT metrics comparison between Madrid and Barcelona.
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Figure79: Web client located in Madrid (lower) and web client located in Barcelonarupp

SN_UC2 was demonstrated live at the 6G-XR Impact Day hosted at 5TONIC. Theaddessible
here:6GXR - YouTube

4.4.2 KVIs and QoE fddCl and UC2

In this section we report on the obtained results from user studies evaluating the U@htJzaised

v %S]vP 8Z o] vi[e & & § 3} }A E }u § § Jv¢N@Bstudyfi' v $A}a
identical setup to that from Test Case UC1_1.1, with the exception of usicglébG access network

based on Amarisoft.

The setup consisted of two users connected via a Holo Client (laptop ¢edriecan RGB-D camera

and to a Quest 3 headset, running in XR passthrough mode) to the same lawetviaBk, with an
established holographic communication session between the two. At the begirthengudiovisual
interaction between the two users was fluid. At some point (after approx.niifflites), congestion

was forced in the 5G network, so audiovisual artifacts and increasing delays occurred, severely
impacting the Quality of Service (QoS) and perceived Quality of Experience (QoE) isithre feasa
mitigation action, the CDF in collaboration with the Holo Orchestrator instructed the teefdolo

Page31of 100 © 20232025 6GXRConsortium



6GXR| D6.1 Holographic Use case integration and validation
and KPVI assessment (V 1.@ublic

Client(s) to adjust/lower the data rate to fit the available bandwidth capacityth#st stage, the
audiovisual quality, playback continuity, and delays were restored back sfastiry levels to keep
a natural and high-quality holographic conversation. Each session took around 5 minutes.

Overall, 23 participants (34.8% female) took part in the study. 60.9% were aged betweery2arg0
old, 30.4% between 40-60, and 8.7% over 60 years old. Their levels of igmaith XR and 6G
technologies is indicated in Figusé.

Figure80: Familiarity of participants with XR and 6G technologies.

Participants were asked about the perceived performance and the impact of the showcased
technology. As reported in Figu®l, most of them perceived a satisfactory performance (Q1),
believe in the potential of the technology to connect remote people (Q2)iewelthat 6G
technologies will contribute to increase performance and interoperabilitKB services (Q3), and
that the presented network-assisted rate recommendation feature provides added-value iXKRhe
domain (Q4).
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Figure81: Perceived performance and impact.

Participants were also asked about their opinion regarding relevant Key Value Inglifidtds) for
the presented technology (Figui®?), and their feedback was encouraging, due to their positive
receptiveness and feelings about inclusiveness and fairness (Q5), environmental sil#taibgab
reducing the need for travels (Q6) and societal impact by providing new business opfest(@Qi7).

FigureB2W W ES] ]% vSe[ (. | }v <s/e-

Finally, participants were asked about general feedback. In general, they liked and ettj@yed
presented technology (with only 1 indicating to dislike it), and thejieved that holographic
communications can become more effective than traditional 2D videoconéargriools (with only 1
indicating to disagree with that).
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4.4.3 KPIsUG

To measure KPIs, a monitoring system was deployed along with the MATSUKO applicatioarsontain
to gather metrics in real-time during the test calls. The monitoring system attoatly gathers KPlIs,
such as bandwidth, latency, jitter and packet loss.

4.4.3.1 UC3tIMS Data Channel using MATSUKO - connectivity

UC3t IMS Data Channel using MATSUKO - connectivity

Test Case ID SN UC3 1.1
Test Case Name IMS Data Channel using MATSUKO - connectivity

Test Execution Date | 27/10/2025
Test Executed By Ericsson & MATSUKO

Number of repetitions | Three repetitions

Verification Points (VP)

Checkpoint ID Description of Validation Criteria for checkpoint
ID #1 First native client connected to the Session Manager
ID #2 Second native client connected to the Session Manager
ID #3 Push notification received on the second native client
Test \_/glldanon All checkpoints have passed in all the repetitions.
Conditions
Test
Test results run Description Result
ID #1 1-3 Run 1: Figur83, Run 2: Figur84, Run 3: Figur85 Pass
ID #2 1-3 | Run 1: Figur&83, Run 2: Figur84, Run 3: Figur85 Pass
ID #3 1-3 Run 1: Figur83, Run 2: Figur84, Run 3: Figur85 Pass

Results / Diagrams

Figure83: SN_UC3_1.1 - 251027 - Run 1.
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Figure84: SN_UC3_1.1 - 251027 - Run 2.

Figure85: SN_UC3_1.1 - 251027 - Run 3.
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4.4.3.2 UC3tIMS Data Channel using MATSUKO - connectivity

UC3t IMS Data Channel using MATSUKO - connectivity

Test Case ID

SN_UC3 1.1

Test Case Nam

IMS Data Channel using MATSUKO - connectivity

Test Execution
Date

11/11/2025

Test Executed
By

Ericsson & MATSUKO

Number of
repetitions

Three repetitions

Verification Points (VP)

Checkpoint ID

Description of Validation Criteria for checkpoint

ID #1

First native client connected to the Session Manager

ID #2

Second native client connected to the Session Manager

ID #3

Push notification received on the first native client

Test Validation

All checkpoints have passed in all the repetitions.

Conditions

Test results Test run Description Result
ID #1 1-3 Run 1: Figur86, Run 2: Figur87, Run 3: Figur838 Pass
ID #2 1-3 Run 1: Figur86, Run 2: Figur87, Run 3: Figur88 Pass
ID #3 1-3 Run 1: Figur86, Run 2: Figur87, Run 3: Figur88 Pass

Results / Diagrams

Figure86: SN_UC3_1.1 - 251111 - Run 1.
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Figure87: SN_UC3_1.1 - 251111 - Run 2.

Figure88: SN_UC3_1.1 - 251111 - Run 3.
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4.4.3.3 UC3tIMS Data Channel using MATSUKE&2E

UC3t IMS Data Channel using MATSUKB2E

Test Case ID SN _UC3 1.2
Test Case Nam{ IMS Data Channel using MATSUKE2E
Test Execution

Date 11/11/2025

;‘;St Executed | £ficsson & MATSUKO
Numpgr e Three repetitions
repetitions

Verification Points (VP)
Checkpoint ID | Description of Validation Criteria for checkpoint

ID #1 Push notification received on the first native client
ID #2 First native client starts the capture and streaming of himself/herself
ID #3 Second native client receives the streaming and the hologram is rehdeithe smartphone display

Test Validation All checkpoints have passed in all the repetitions.

Conditions

Test results Test run Description Result
ID #1 1-3 Figure89 Pass
ID #2 1-3 Figure90 Pass
ID #3 1-3 Figure9l Pass

Results / Diagrams

Figure89: SN_UC3_1.2 - 251111D #1.
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Figure90: SN_UC3_1.2 - 251111D #2.

Figure91: SN_UC3_1.2 - 251111D #3.
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Figure92: SN_UC3_1.2 - 25111Run 1t Bandwidth, Latency and Jitter.

Figure93: SN_UC3_1.2 - 25111Run 2t Bandwidth, Latency and Jitter.

Figure94: SN_UC3_1.2 - 25111Run 3t Bandwidth, Latency and Jitter.

SN_UCS3 was demonstrated live at the 6G-XR Impact Day hosted at 5STONIC. d i agdessible
here:6GXR - YouTube
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4.4.4 KVIs and QoE for UC3

The surveys were conducted as part of a public live demonstrationdugidg the 6G-XR Impact Day
at 5TONIC premises in Madrid on 28 October 2025.

The setup involved two users, same as the configuration described in Test Case UC3_1.2. First
participant used an iPhone, while the other used an Android smartphone to start theizdhe

dialler. Once the holographic call was established, the first user streamed his/her hologramghthro
IMSDC, and the second user observed the hologram rendered in real time on the Android
U ES% Z}V [+ ]*%0 CX

A total of 16 participants took part in the study:

x 12.5% identified as female.
X 18.8% were aged between 20 and 40 years.
X 81.3% were aged between 40 and 60 years.

W ESE] ]% vEe[ 0 A o+ }( (ulo] E]8C A]E8Z yZ VFigured5. Zv}o}P] «+ & %

Figure95: Familiarity of participants with XR and 6G technologies.

Participants were invited to provide their feedback on the perceived performandeoverall impact
of the demonstrated technology. As shown in FigdBethe results indicate that:

x Q1: the majority (87.5%) expressed satisfaction with the performance of the presented
technology.

X Q2: most participants (75.0%) recognized its potential to facilitate conmexctimnong remote
users.

X Q3: most participants (87.5%) agreed that 6G technologies will enhance the performance and
interoperability of XR services.

X Q4: most participants (62.5%) acknodded that social and cultural expectations influence who
is encouraged to engage with XR technologies.
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Figure96: W ES] 1% vSe[ ( ' }v 8§82 % E(}EuU Vv vV Ju% 8

Participants were further asked to evaluate relevant Key Value Indicators (KVIs) for the sitbwcas
technology Figur@7. Their responses were generally positive, highlighting:

X Q5: most participants (81.3%) recognized favorable perceptions regardingiweciass and
fairness.

X Q6: most participants (93.8%) acknodded positive contribution on environmental
sustainability through reduced travel requirements.

X Q7: most participants (93.8%) acknodde SZ S Zv}o}PC[e %}S v8] o (}CE
impact by enabling new business opportunities.
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Figure97: W ES] 1% vSe[ ( . | }v <sl/e

The participants were also asked to provide general feedback. They expressed appreoiatien f
demonstrated technology and confirmed that holographic communication could becnmre
effective than conventional 2D videoconferencing tools, as shown in Fgure

Figure98: General feedback.
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5 KE >h?/KE?

6GXR project demonstrates in this document the two functioning d@onedend holographic

communication architectures built in the South Node: (i) a VR platform power&C#yT application
combined with data connectivity via UPF over a beyond 5G network, which l6ltlsand UC2; and
(i) an AR platform powered by MATSUKO application combined with data conneatidigignalling

over the novel IMS Data Channel, which sustains UC3.

From the network and application enablers developed in the project, the VR platfasnintegrated

the Notification of Congestion Detection, the Rate Recommendation, the QoD triggénia Holo
Clients, the Holo Orchestrator, the Remote Renderer, the Edge Orchestrator features for closest Edge
discovery and selection, the Edge federation, plus the CAMARA-based and NEF Afeisétion

with the network. The AR platform has leveraged the whole IMSDC solution, has defined a new
signalling communication system, has adapted the WebRTC methods and has raimtpkbnhe
hologram rendering service in WebGL.

In terms of technical demands and performance, the results show that the deployed platforms
successfully supported the use cases and met the expectations. The participants of the survey
reported high satisfaction with perceived user experience and had positive vievgsoand XR
technologies having potential to improve the real-time remote comioation among people. The
participants partly agreed that these services could bring environmental benefits from reduced
travel. Overall, these results indicate that the technology is on a promising trajectory toward real
world deployment and transformative XR experiences.

Next steps should focus on further validation at scale, real-world deploymeants$, continued
integration with network exposure APIs, security hardening, and governance to aghliessy and
regulatory considerations. Future XR projects should include a concrete plan fotidrgngi from
demonstration to pilot deployments, including success metrics, risk assessmensuatainability
considerations.
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The template presented below refers to Test Cases descriptions used in the 6G-XR, withithe/hi
validation methodology is executed. It contains the test cases specification pdrtresults

presentation

Test Location
Test Case Nam

part.

User Story/Scenario
Delay performance measurement for 3D DT

Test Case
Objective/KPI

Performance

Test Execution
Date

Test Executed

By
Test Case .
Category Requirements/KPI/KVI/QoE
Tes; Laboratory / field and list endpoints that logs were collected from
Environment
Test
Deployment Add a diagram with the components under test
Setup
Band:3,4-
) ) L 3,7GHz
RAN: 5G Core: EDGE | Application Bandwidth:
Network Setup 100MHz
Test Condition Condition -
Configuration 1 2 Cacelion €

Initial Conditions/Prerequisites

Refer to anything (ex.slices available/test cases loaded/resources etcGHSRERY for the execution of the test.

Test scenario

Refer to the steps of execution, especially referring to the metiileston steps

Test variables

Variables that do not have static values

Expected behaviour/Target Values

Refer here to the conditions (including KPI metrics) that are coadidefficient for the completion of the test case

Number of
repetitions

Test's
comments

Verification Points (VP)

Checkpoint ID

Description of Validation Criteria for checkpoint

ID #1 Performance at condition #X

ID #2 Performance at condition #Y

ID #3 Y X
-(I;iit d\iﬁ:fsatlon All checkpoints have passed in all the repetitions
Naming
convention Define log file naming logic

Test results

Testrunl | Testrun 2| Testrun 3 Diagrams Result
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Checkpoint ID

Refer to the relevant diagram below and explg

#1 logfileA logfileD logfileG verdict Pass/Fail
Checkpoint ID

#2 logfileB logfileE logfileH

Checkpoint ID

#3 logfileC logfileF logfilel

Final Diagrams

insert here the main diagrams explaining the verdict
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Questionnaire

DEMOGRAPHICS AND BACKGROUND

How old are you?

* 019

20-39

40-59

Over 60

| prefer not to disclose

| prefer to specify my age:

What is your gender?

* Male

Female

Non-binary

| prefer not to disclose

| prefer to self-describe:

How would you describe your current familiarity with immersive tegologies, such as
eXtended reality (XR/VR, AR, holograms)?

« /[A v AEpe yz

« /[A SE] yzZ (A 3Ju -

* | occasionally use XR

* | use XR frequently

| work with XR professionally or academically

How familiar are you with network technologies, such as 6G?
* Not familiar at all

Slightly familiar

Somewhat familiar

Familiar

Expert

In your opinion, are there social or cultural expectations thaflurence who is encouraged
to use XR or advanced technologies?

* Yes, significantly
* Somewhat
* Not really
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* Not at all
* Unsure

PERFORMANCE AND IMPACT

Q.1 The showcased demonstration performed well.

Strongly Disagree
Partially Disagree
Neutral

Partially Agree
Strongly Agree

Q2. The showcased demonstration has the potential to become a powletbol for
connecting and communicating with people remotely in real tm

 Strongly Disagree
Partially Disagree
Neutral

Partially Agree
Strongly Agree

Q3. Next-generation networks like 6G will contribute to increasitige performance and
interoperability of XR services, like the one presented.

» Strongly Disagree

Partially Disagree

Neutral

Partially Agree

Strongly Agree

Q4. The showcased network-assisted rate recommendation feature, baseddetected
congestion situations, helps to improve the stability and scalability of eXteddReality
(XR) services.

 Strongly Disagree
Partially Disagree
Neutral

Partially Agree
Strongly Agree

KEY VALUE INDICATORS (KVIs)

Q5. Multiuser holoportation combined with 6G networks can contritauto inclusiveness,
fairness, and equal access to key services, such as education,hcaadt, and industry
expertise.
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 Strongly Disagree
Partially Disagree
Neutral

Partially Agree
Strongly Agree

Q6. Multiuser holoportation combined with 6G networks can contribute environmental
sustainability by minimizing the need for travels.

» Strongly Disagree

Partially Disagree

Neutral

Partially Agree

Strongly Agree

Q7. Multiuser holoportation combined with 6G networks can contribute tsocietal
sustainability by reducing travel and associated costs, and by piioyg new opportunities
for training and business.

 Strongly Disagree

Partially Disagree

Neutral

Partially Agree

Strongly Agree

GENERAL FEEDBACK

Q8. | enjoyed the showcased demonstration
» Strongly Disagree

Partially Disagree

Neutral

Partially Agree

Strongly Agree

Q9. Holographic communication technologies can become more effective toolsnth
traditional 2D videoconferencing solutions in certain use cases.

» Strongly Disagree

Partially Disagree

Neutral

Partially Agree

Strongly Agree
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