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Tech Innovation Center Dresden —Appraoch & Infrastucture

':@:' JOINT BUSINESS & TECHNOLOGY INNOVATION

o?o CO-CREATION WITH CUSTOMERS
- especially Germany and global players

g TOP UNIVERSITY & RESEARCH LANDSCAPE

Strong collaboration with TU Dresden

_K“ FAST PRODUCT INCUBATION WITH PILOTS

i  PUBLICLY FUNDED INNOVATION PROJECTS

X COOPERATION WITH CYBER SECURITY AGENCY
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How do we know today what we need for 6G ?

‘ Vodafone
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\TH FROM 4G TO 6G

White Paper

Technology Evaluation
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Overarching Statement
6G is the graceful
evolution of
communication networks
building on and extend
beyond existing 5G
ecosystem

Innovations and New
Services based on IMT-
2030 features, facilitate
seamless integration and
interoperability with fixed
and satellite networks and
inherently support
network related APIs

Operational Priorities
such as network
simplification, absolute
energy reduction,
automated and proactive
operations and quantum
safe infrastructure.

Spectrum:
* Existing IMT spectrum
remains essential

*6-15GHz must be
licensed for IMT

* Sub-THz bands may
adopt a new radio
technology

Guiding Principles:

Global 6G standards

No intrinsic need for
hardware refresh

Software upgrade to 6G

No degraded performance
for 5G customers

No compromise to existing
services

Access across mobile, fixed
and NTN

Backwards compatibility
with 5G

Robust resilience

é
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ENHANCED HUMAN ENHANCED MACHINE
COMMUNICATION COMMUNICATION

XR immersive holographic
& p . Robot Network Fabric
telepresence communication

Multi-modal communication for
teleoperation

ENABLING SERVICES NETWORK EVOLUTION

3D hyper-accurate positionin
_yp , 5 P ,II né Trusted Native Al - AlaaS
localization, and tracking

Interactive mapping, digital
twins & virtual worlds

Interacting Cobots Coverage expansion

Intelligent interaction: sharing of
sensation, skills & thoughts

Automatic detection protection &

Energy Efficienc
inspection &Y y

Digital healthcare

Smart Industry

Trusted composition of services
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Hands on 5G/5G+ enterprise & consumer testbeds and demos help to
drive 6G development

HEXA-X-II
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Connected Mobility
Trains



* Passenger internet &

infotainment

* Resiliency, Security

* Railway operations

* Coverage @ 33.000 km track

* Network Technology LifeCycle 2G
(GSM-R/TETRA) ..4G..5G ECTS/FRMCS

* International standards & regulatory
approval

Challengesin the | " « Driving solutions
railway environment o with innovative technologies

- > o B3 = ,
e '\\\\ x{"\ =i . ),( —?}l\_ L - B
* Digitalization in rail and track e : Annaberg | Erzgebirgsbahn (TU Chemnitz) p—
i‘ -y, Europe’s first 5G teleoperated train 2019

Europe’s biggest 5Ginnovation playground for railway industry

s ' —
\ ‘\

Hamburg / Siemens @ ITS World Congress | SBahn
" Sensor4Rails Use Cases; World first Automatic Train Operation (ATO) with network
slice .
= e —— ~ T — —
~ Hamburg | SBahn X

Automatic Train Operation (ATO) over Vodafone Network Slice with priority;

aa T g——

Schlettau/Braunschweig
Teleoperated Train as ATO building block

=

Operator 5G SLICE FOR NATIONWIDE RAILWAY NETWORK ‘ m}]
Support towards Railway 2030 Vision

C2 — General (External)
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Das 5G Netz fiir die TU Chemnitz & Smart Rail Connectivity Campus (SRCC)

o= ©

Privates Nprivates netz
i ihet (MPN) ' B g |
b : : Physisch eigenstandiges mobiles
' privates Netz mit + mit Anschluss an die
Mobile Edge Cloud (MEC) '

o= ©

v
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|
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Auver Strag, Grunhe

‘Tﬁ 8

i

Lg Offentliches Netz
Yl

-

TU Cemnitz Data Center
fi ansberg & Rechenzentrum (MEC
stehr da)Annaberg-

Buchholz unterer Bahnhof

1
l
b

Kernnetz im lokalen
Technologiezentrum

Grunhain-Beierfeld ) i
runnain-selerfe (Offentl.l(:h)

i s e A

ruckerswalde

Verzogerungsfreie

Datenverarbeitung der drei 5G-

Netze im nahegelegenen 269 WO g

Rechenzentrum. ‘

* Robuste Gesamtlosung fur FRMCS
(Future Rail Mobile
Communication System):
Forschung der DB im Erzgebirge
mit der bahneigenen Infrastruktur 2
und dediziertem Bahnfunknetz 7. & beois) MPN
kombiniert mit dem 6ffentlichen i
5G-Netz

7 new Base Station
Sites
3,4/3,7 GHz

Scheibend

s BsaitS:sSta“m Kundenspezifische Netzelemente, die in Verbindung mit dem
3,4/3,7 GHz offentlichen Netz eingesetzt werden und Multiple Access
Edge Computing (MEC)

1 existing and 2 new
Base Station sites
700/1800 MHz
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Smart Rail tonnectivit" Campusi

Cam FDL
Bahn - Schiettau 5G Tablet+Phone

Zug im Erzgebirge fihrt ferngesteuert e+ HOMI Monitor

FDL Fahrdienstleiter
+ Teleoperation1 PTZ
* Directorl

5G Smartph : A GomiThe
Kamera, + 6h Akku : L

) 5G Tablet
+Phone

E
eleoperation ! b
5G Pan/Tilt/Zoom able TFZ Triebfahrzeugfiihrer
Kamera, +6h Akku * Fullscreen “Rangierbild”

Présentator
* Teleoperation PTZ
- Director Auswal Rangierbild

ocat Lore Networ
FunctionVodafone

Core Networkin Local
Technology Center 3
TU Chemnitz Data Center
Annaberg-Buchholz unterer
Bahnhof

Scheibenberg

11 existing and 2 new new Base Station
Base Station sites sites
700/1800 MHz 3,4/37 GHz

- N n] T ndlal d Dbk ITDY



Connected Mobility
Cars



Data fragmentation currently limits the benefits that connectivity

services can bring to road safety

\
\

shared shared \ e el
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Car Car Trucks, buses Vulnerable Road side
Motorcycles .
OEM 1 OEM?2 and trams road users infrastructure
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Road or
transport National
authority governments and

the European
Commission
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STEP — Safer Transport for Europe Platform

Vodafone is committed to make

STEP aims to scale — Starting in the V2X /

Connected Mobility space and using it for all types of real-

European Roads safer for all

time data broker applications

i i

Platform to distribute, broker and validate Road authorities  Municipal transport
V2X messages in real-time leveraging 5G authorities
and Edge Cloud

Platform access delivered

directly via SaaS model

Hazard Warnings VRU Assistance

Safer Transport for Europe Platform (STEP)

Integrated connectivity Through partner
and direct platform Apps

access

=1 r WU &R MR L

_ Road side Non-connected and non-V2X
V2X-enabled vehicles infrastructure enabled vehicles

OTT via
integration with
partners’ apps

Sof

Vulnerable road
users

Vodafone
Tech Innovation Center
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Vehicle as application platform

Enabling seamless connectivity of the vehicle with the
cloud through

Cloud based development methods
Safety compliant distributed computing

Pilot new cooperation models in practice and establish
methodologies for sustainable development over the
vehicle life cycle

GAIA-X compliant implementation of
data-driven applications

Harmonize data-driven approaches and established
methods of distributed computing, including data
protection requirements, and implement them
consistently from vehicle to cloud

Build concrete applications to identify missing
components and implement them in a reusable way
while making them openly available

A joint ecosystem - vehicle and cloud

AVL 35

@ntinental"& EB
- AVL 3

A 2 - -

Competitive advantage through
cooperation: increase efficiency and
added value

Enabling new value chains

Joining forces & tapping new competencies - bringing
together best practices for non-differentiating system
and SW parts

Creating the basis for new value chains in the networked mobility of the future

TEEEE
6
S =

Vision & Objectives - The vehicles as part of the cloud ecosystem GAIA-X e b



Al Focus for Connected Transport
Vodafone Analytics — Mode of Transport & CO,

Retrieve motion Calculate Mode of Calculate CO,
\ data Transport emissions /

Predict the mode of transport for any
B moving individual to estimate CO,
emissions for travel.

‘ Vodafone
June 10, 2024 18 Tech Innovation Center



Connected Mobility
Drones



Mobile connectivity is critical for commmercial drone operations, for
different reasons and various use cases.

Drone
. Platform & Data Insurance /
Va l.ue - Connectivity A:agtr::s - = Collection other
Chain
Why is mobile connectivity critical? Examples of BVLOS Use cases in Cellular Networks
Safety critical

UAV operator has to provide evidence of
sufficient connectivity

First Respo

Mission critical
To deliver data from any aircraft —is there
sufficient broadband for mission?

Operation critical
If connectivity is lost during flight, the
drone will abandon the mission and return

- i‘ == 7 3
backtoh [ LI . i : ey o PR R e
ack to home! Medical Supply i Urban Air Mobility

C3 —Vodafone Confidential 20 O




Our vision: Make commercial drone flights in Germany safer

and more efficient in the future.

* Airbus airship was
controlled from a

* Exclusive partnership
with EHang to

* Drone delivery POC
to deliver nutrition

* 'LieferMichel’ drone
delivery to remote

distance of 250 km support Air Mobility (BVLOS) villages, connected
using 5GI in Europle )Y, Vodaf<|)ne
| l 2023
September October May October
2019 2019 2022 2023
4 DroNet Use case 1: Use Case 2:
Intelligent Connectivity MHOblllt)q
Network for Drones ,Do | have assess”(qzv;ft?g/ )
mobile the risk during G
connectivity - my planned -~
during my route?” .
L planned route?“ ’

C3 —Vodafone Confidential

21







Addressing Consumers
through B2BC @ New
Devices



C2 - General (External) -
What does the Metaverse mean for Vodafone?

FACTORY

@
Metaverse ecosystem: 4 4 .« /PUSH ON
connectivity, that enab "es, : -5 / INFRASTRUCTURE
cutting-edge z‘echnolog sproviding . Fg §

. " DISRUPTIVE
POTENTIAL ,
) l
NEW BUSINESS MODELS

25



C2 - General (External)

XR & the future of communication will change the world.

Creators Platforms
O i

@\ o \(( A))

Devices Security

26

Entertainment

=)

Communication

=

Retail/
e-commerce

@.HE

Smart City

O

Collaboration

FACTORY

%I

Real Estate

VY-

Training

g

Health

‘ Vodafone Q
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C2 - General (External)

Startups we've already partnered with.

Magic Leap
One Glasses

Nreal Glasses
(AKA Xreal)

5G Stadium app with
Kinexion & DFL

27

FACTORY

ApoQlar
Digital Health

Firefighter VR
with Northdocks

‘ Vodafone
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Highlights of our XR solutions.

We craft tailored XR applications for clients,
leveraging the advantages of high-speed 5G.

e “’ ~“' ‘." -.‘ -\' yi ',"'>1_- ‘_‘ [ ]
S ‘AR ; ?'-AR_. & = g.;XR -L . 1‘.9 y AR ¢ Hype!'
Stage aV|gat|on #Sfream " Event /77 Reality Hub
m - ’p'
Experience limitless Seamless AR navigation via Empower shared virtual Unveil the future of opera with Revolutionizing XR with
possibilities as we bring smartphone guides users experiences in real-time with AR glasses transforminginto lightweight, affordable glasses
compleximmersive content through buildings or unknown our cutting-edge live digital opera glasses on the 5G for shared immersive
to life, expanding the premises offer extra service streaming and motion capture network & immersive experiences.
boundaries of reality. insights. technology. technology.
e Lufthansa * AudiCharging Hubs * Content Convention * Deutsche Operam Rhein ~ * Mobile World Congress
* Adler Immobilien * Future Floor 2023 2024

* ExpoReal fair 2023 * Securitas

C2 - General (External) 28



Last but not least...

HyperRealityHub

*  First hardware+software+service product candidate from XR Factory

* Acloud scalable hub to offload sensor and compute off bulky HMDs, igniting an industry of lightweight,
affordable XR eye-wear without compromising performance, stamina and usability

* Showcased at MWC’24 and gathered international attention & media coverage: Ny

MWC Fibrus Marc Allera  Tim Hottges  Virgin Media 02 Gar

Stuff =

I've seen the future of AR and it fixes the CTO Petty backs XR as Vodafone and Qualcomm
main problem with Apple Vision Pro target 5G enterprise

AR and VR headsets are about to get lighter thanks to this hub innovation

> und Qualcomm stellen
ealityHub" vor

Vodafone looks to ease AR loads
with HyperRealityHub ahoonews

Separately, Vodafone will show off what sounds like a router for a new wave of
(r HARTWARE net ker ew art glasses. The HyperRealityHub (yes, it's one word) will essenti power \
the type of goggles the tech world reckons everyone will soon be wearing. By \\

SAGE:NFAFTE cutting down the amount of parts you have to cram into these things, \
‘ Vodafone reckons the hub will usher in smart glasses that look like, well,
KUHLLE'STUNG glasses. Seeing as the bulky Apple Vision Pro gave some people headaches,

that may not be such a bad idea. Stick enough of these routers around

London, and we can all don our VR Ray-Bans on the tube.

Klobige VR-Brillen werden schlank und
alltagstauglich

Die Zukunft von Virtual Reality auf dem Mobile World Congress 2024

June 10, 2024

Februa
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5G & 6G for Healthcare



% Federal Ministry
4 of Education
- e a t and Researc

Holistische Entwicklung
leistungsfahiger
6G Vernetzung fur verteilte
medizintechnische Systeme




Medizinische Anwendungsfelder @ |z

1'3'329 O S

KOLLABORATIVES
DATENBASIERTES MCE{NEMS;:ENG SMART HOSPITAL
ARBEITEN

6G-Health
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G HEALTH Project

6G-Health

6G-Zulkunft Leipziger Mediziner
testen Supermobilfunk-Standard

LEIPZIG - In Deutschland ist der
Ausbau des Mobilfunknetzwerks
der 5. Generation (5G) noch
nicht abgeschlossen. Doch Wis-
senschaftler versuchen beret
das mobile Intemet noch schnel-
ler zu machen. Das Universitats-
Klinikum Leipzig (UKL)istjetzt Teil
des 6G-Forschungsprojektes.

DieLeipziger Mediziner sollenin

den kommenden drei Jahren die
neuen Mdglichkeiten des kinf-
tigen Mobilfunkstandards 6G im
Gesundheitswesen ausloten.
Der Hauptunterschied zwischen
5G und dem Nachfolger ist die
Geschwindigkeit der Datenber-
ragung. So konnen 5G-Netze
Spitzenwerte von bis zu zehn Gi-
gabit pro Sekunde erreichen. In
6G-Netzen sollen nach Angaben
des _Telekommunikationsprovi-
ders Vodafone bis zu 400 Gigabit
pro Sekunde moglich sein.

An dem Forschungsprojekt .6G
Health* sind neben Vodafone und

dem UKL auch die Berliner Cha-
Tité sowie 17 weitere Partner aus
Industrie, Forschung und Medizi
beteligt. Der Bund fordert das
Projektmitzehn Millonen Euro,
Erforscht werden soll nach An-
gaben des UKL, wie Biosignal
des Patienten (Blutdruck, Tempe-
ratur, Atemfrequenz) erfasst und

in Echtzeit ibertragen und ver-
arbeitet werden konnen. Wie Arz
te zukiinftig von ,der erweiterten
Realtat (AR) profitieren - etwa
bei der dreidimensionalen Dar-
stellung von Organen wahrend
chirurgischer Eingriffe. Und wie
das ,smarte Krankenhaus* der
Zukunftaussehen konnte.

N entwickelt - kinftig auch mit 66.

SPONSORED BY THE

Federal Ministry
of Education
and Resear



[ * Federal Ministry
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and Research

Sustainability and energy

efficien rting on device-level
LocalNetwork cy starting on device
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T
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Sensors &
Devices

)]

©

Public Network

5@ 5@ Cloud
On-Device ==e g_ ;

6G-Health




[ * Federal Ministry
I n ea e of Education
and Research

Application-aware data
acquisition and communication

\ Local Network

= k&\

Sensors & = — —> (A) —>
Devices ’ ﬂ

©

Public Network

%@ 5@ Cloud
On-Device ==e g_ ;

6G-Health




[ * Federal Ministry
I n ea e of Education
and Research

Energy efficient massive wireless

\ Local Network connectivity
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. - 4 !
Sensors & = —_— ( A)

Devices " ﬂ —

©

Public Network

5@ 5@ Cloud
On-Device ==e g_ ;
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[ * Federal Ministry
I n ea e of Education
and Research

Resource efficient and
\Q\ Local Network infrastructure
= \K\
Sensors & = m—l Cb —Sa L (A)
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©

Public Network

g@ E@ Cloud
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Biosignals: Inter- and intrasectoral networking necessary!

Entlassung

Normalstation
Geplante Aufnahme Rehabilitation

s 1)

Notaufnahme .

Krankenhaus

. 3 OfF ——=
ITS o ~ = E"L Tod
M S 22N L=

@ ?

(? Patient centered
ﬁ} L \ Longterm outcome >

Time

CHARITE ‘ Department of Anesthesiology and Intensive Care Medicine | CBF 45



The vision: real-time support for the clinician!

Cloud infrastructure
Open Source components

Wireless A
transmission : :.’ ° ':
D
=) r®
n[e .+
-
3-8 m m!
B | N +
L O V.

Noninvasive patient
data acquisition

CHARITE ‘ Department of Anesthesiology and Intensive Care Medicine | CBF

Al-based
analysis

Real-time
decision support

46



nt needs to consider
ul ironment upfront!

Mobile Funkgerate g Personen
Direkte Witkung J' mit und ohne Implantate &

mmmmmm

Stationare Funkgerate .-

- aktive Systeme, T =
z.B. Ericsson . : :
Radio Dot Lo S

- Verteilnetzwerke,
passive Antennen | %_

]




5G/6G technology as a base



6G-ANNA: Lighthouse project towards 6G

Digital World

\
, \
Automation & \

Augmentation and 1 Simplification \\ Cognition and Hybrid
Twinning ” \  Intelligence
|
|
I
Physical World (& Human World
Collaborative Spaces

é
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6G-ANNA project: Advancing Open RAN towards 6G by focusing

Open RAN Application Middleware Continuum

Channel

Anamoly Modeling for Network
Detection RAN . Trafﬁf_
Optimization, orecasting
USE CASE USE CASE
Security Digital Twin
Open RAN offers an entirely The DT technology provides the
different RAN configuration than possibility of realizing optimal
what exists today, it could lead decision-making for large-scale
to severe security and privacy physical systems and processes
issues if mi ged digitally represented
in a cloud-based platform.
V2X (Vehicle-to-Everything) )
places specific and demanding _ Massive MIMO plays an
uirements on mobile important role in 56 mid-band
mrcq encompasses systems by increasing cell
ol n ity and cell ed
diverse range of services with capacity a ge
varying needs. performance.
V2X M-MIMO
USE CASE USE CASE

Traffic

Management Beamforming

on use cases

3GPP and
non-3GPP co-
existence

Al for O-RAN  CI/CD for O-
Security RAN

Quantum for
O-RAN

xApps, rApps
and dApps

©

Anomaly
Detection

Behavioral
Analysis

Automated
Response

Vodafone
Tech Innovation Center
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Applications Driving 5G & 6G

Engage with other industries
Testbeds with today'‘s leading edge technology & co-creation
Understand customer requirements

Design 6G together!

‘ Vodafone
51 Tech Innovation Center
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Together we can
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