

http://www.hexa-x.eu/

Hexa-X overview

* Hexa-X is the European flagship
research initiative to develop the
foundation and contribute to
industry consensus leading to 6G

* The focus is on structuring,
framing, and developing technology
for connectivity needs in the
2030 timeframe

* Funded through EU H2020 ICT-52

« 25 partners
* NW vendors
* Operators
* Industry
« Academia
* SMEs

* Nokia is overall leader
 Ericsson is technical manager
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Timeline

2016 2018 2020 2022 2024 2026

Initial 5G

. . 6G systematisation |
6G structuring and framing research projects 6G technical

standardisation 6G evolution

Research on 6G technology components

6G requirements 6G commercialisation




Hexa-X vision on 6G

Digital World
» Connecting the physical, digital and gtq
human world
 Key values:

 Sustainability

 Inclusion |
e Trustworthiness . Trustworthiness  Inclusion
« Research challenges: 6G

» Connecting intelligence
Network of networks Sustainability
Sustainability @ | ’{‘\‘
Global service coverage
Extreme experience

Trustworthiness

Physical World Human World

Real time contro!




Hexa-X use cases

&

Human centric communication

N

Infrastructure-less network extensions
and embedded networks

DECENT WORK AND
ECONOMIC GROWTH

o

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

ST RS Robots to cobots

AAAA
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Al partners

Interacting and cooperative mobile robots

Flexible manufacturing

Situational-aware device reconfiguration

Telepresence

f

Fully merged cyber-physical worlds

Mixed reality co-design

Immersive sport event

Merged reality game/ work

Massive
twinning

'l RESPONSIBLE
CONSUMPTION
AND PRODUCTION

Digital Twins for manufacturing

Immersive smart cities

O

13

Internet of tags

CLIMATE
ACTION

Additional
evolving use

Local coverage for temporary usage

Small coverage, low power micro-
network in networks for production &
manufacturing

Trusted
embedded
networks

Sensor infrastructure web

Al-assisted Vehicle-to-
everything (V2X)

\4

Interconnected 0T micro-
networks

Hyperconnected

resilient
infrastructures

Enhanced public protection

Enabling
sustainability

E-health for all

Institutional coverage

cases

Earth monitor

?

Autonomous supply chains

[ ]
Sustainable food production

Network trade-offs for minimized

3

environmental impact

Network functionality for crisis resilience



KPls

extreme evolution
of capabilities

KPis

revolution of new
E2Z2E measures

Key Value Indicator
(KVI1) areas

Extended KPIs

Bit rates
Connection density
Traffic capacity
Location accuracy

E2E KPIs

NW energy efficiency
Dependability
Coverage

Service availability

Hexa X

New capabilities — beyond communication

Integrated sensing
Local compute
Ubiquitous Al
Embedded devices

KVIs — quantify the human-centric values

Sustainable 6G
6G for sustainability
Trustworthiness
Digital inclusion



Architecture principles Architectural enablers

Increased network intelligence

Increased network flexibility

Increased network efficiency

Data driven architecture,
Programmable analytics, network
nodes and devices automation

Cloud native RAN gnergyl_efficiehnt,
and CN, dynamic treamline wherever

function placement possible



E2E architecture - overview

 First system-level
end-to-end 6G
architecture.

* |t reflects the key
technical enablers

Hexa X

Application Instance #N Fully merged cyber-physical worlds @

OSS/BSS Application Instance #2 Al-assisted Vehicle-to-Everything (V2X)

Appllcatlon Instance #1 Immersive smart cities \’a\{e‘
0 3“0
N\
oo

/-\I/\I/\

Exposure Framework and Integration Fabric

| _$/

L ¥/

) . s

Edge Cloud Central Cloud $e’°$

Management and Orchestration
Artificial Intelligence and Machine Learning

Cl/CD

Cloud infrastructure

Localisation @ Communication

Sensing 3 Function/Micro service B

Public/Private cloud @ Transportnode QO
Edge node O




Spectrum evolution aspects: Improve spectrum utilization & @
. N
extend current spectrum boundaries Hexa-X

» Sub-THz spectrum will be utilized with combinations of bands: low, mid,
and mmw ranges to optimize wireless link characteristics and
cooperatively provide the full set of service requirements

» Spectrum under 6 GHz pivotal for wide area radio coverages

+ Possible usage of spectrum in 7-24 GHz ran%e; currently not available for
mobile communications to be exploited by proper design of sharing "
methods with current users

* Improved intelligent spectrum access systems, in particular in newly T e ey
available spectrum resources in higher” bands, to dynamically assign R - m—
frequency resources to authorised subsystems on ~both time and N p— e p—
geographical basis while preventing interference issues z S :
« Extending spectrum utilization =l m e
. . . . sauuss | [ EE = E|
» Improving the usage of available spectrum in the different frequency el L
bands identified for IMT oy e e e
eseEssA N & b | i H
* New coordination mechanisms and techniques for local spectrum use -0 EEl R EEEE
« 6G Networks in Network (NiN) are prospective solutions that can
allow interference-controlled operation
« Improving assumptions and models to better fit more realistic “eEEN N || —
scenarios Sl TTT TR N NI TR
- |

* Introducing sensitivity analyses ' S e e
An overview of spectrum allocations in several ranges

between 6 GHz and 1,000 GHz



Classification of mmW technology by communications <> S
& sensing functions Hexa-X"

6G mmW technology

(in upper mmWw (sub-THz) & lower mmW frequencies)

—_

Short-range wireless links Long-range wireless links

Small cells & access points, <100m Front-, mid-, back-haul Not “sensor networks”

- - -

Wireless access Local networks Fixed wireless links Mobile wireless Localization Mapping, Spectrosco
(D21) (D2D) links Tracking P Py

D2l at short ranges with  D2D to disseminate When laying fibre to When at least one Devices obtain Interaction of EM
low mobility information locally extend the reach of communication node is accurate location radiation with
wireless networks is moving, fibre is not information about matter
not convenient possible own location

Capture the shape of the
environment or objects/people



6G radio targets ,

Initial estimations of latencies

Slot size = 1 symbol, processing time = 1 slot

SCS>480 kHz, Maximum BW 1.96 GHz
- <0.1 ms RAN latency

&

.

~

Localization in outdoor Urban micro cell

J

Deployment specific
e.g., edge-deployed cloud CN
in factory setting

Probability

—— All Info (6G)
— — TDOA (6G)
o AOD (6G)

All Info (5G)
— — TDOA (5G)
- AOD (5G)




Reimagining purpose of radio connection

Joint communication and sensing

Sensing functionality as an integrated part of the
communication network

® Low-cost introduction of sensing functionality

® Benefit from huge number of network nodes = Enhanced
sensing capabilities

To enable new and enhanced services

® Location based services

e Emerging services (sensor fusion, AR)
To enhance the network performance

® Simplify beam alignment

® Inter-cell interference coordination

® Pre-emptive radio resource management

&

Hexa-X

6D high-resolution localization and sensing

Arrays (angle
resolution)

I Location-aided

Hexa-X iy D@ communication
AR/VR © P g Autono.
\%\ robots
P __._—_-_—_—_:::1’-‘-’-’—‘-'-_'_'—“"‘—" """"" Bandwidth -
1 (distance ﬂ )\ @ .
resolution) Security &
Time (velocity resolution) Industry privacy

Ultra-high-resolution
sensing

Wide-area
sensing




Flexible resource allocation in demanding industrial scenarios

&

Hexa-X

Ve

Relevant use cases

ns
Telepresence
robotics

Sustainable coverage

Digital Twins for
manufacturing
smai

6G loT micro-networksfor
smartcities

N\
Radio-aware trajectory planning

Radio-aware digital twin

Control UE mobility in industrial

environment to optimize performance

and energy efficiency
, ;

AN

Communication-control-co-design
(CoCoCo)

K =100

1074 1073 1072 107!

PLR

Simultaneously optimize for both communication and
control signaling

1

Ve

Crowd detectable zero energy
devices

Asset tracking with energy-harvesting
Reporting of location to all nearby
phones

(KIAJ))
4

N [es
000 /// .;%
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L

Industrial Edge

Al-assisted trajectory
planning based on
forecasted signal strength




Data-driven operation

Overall trend:

* More and more Al
Why this trend? Al can help to:
a) Automate management
b) Optimize certain resource or KPls

Consequence of this trend:
* Al models everywhere. Models need
to be trained. Training requires data.

* Data needs to be available and
secure

B5G/6G-enabled services

@

%) Cl/cD
goi:] Lifecycle Management
E2E Seamless Interfaces & Adaptive Full Network
Integration Abstractions Monitoring Programmability
Distributed platform hosting Al-based learning and inferencing tasks

Device-Edge-Cloud % —

Continuum Management

/

© (@)

Intelligent SMO

) Predictive
9 Orchestration

Intent Interpretation
and Composition

Data-driven
Optimization

Integrated cloud

Federated &
(D)) A @ explainable Al models

M~ 2=

[ N o

0 pmw ~ 0 —R®L
L 4

]

€ ® non-critical VxFs

Serverless  Cloud-Native  Intelligent Edge

Data-centric air interface design

T o e "] S [ o

A A critical VxFs




& computation co-design: initial H S\
Hexa-X

Sequential scanning

CS-based scanning

) M<<N measurements ‘

Network performance enhancements using AI/ML in 6G

focus: radio access network performance improvements over classical design
methods and improvements in E2E network operation & management

Al Al Al Al

6G network as an efficient Al platform

orchestration | | repository process monitoring
function function enforcer function . R .
focus: Al governance, scalable solutions for multi-Al agent learning and
N N communication & compute resource allocation
consumer Agent

Data significance pre-evaluation Data significance post-evaluation

Al/ML as an enabler for 6G network sustainability
focus: energy efficient in-network Al/ML and complexity reduction gains

Update for Cliensy
: [ o T
Clientl @] > PubKeyl, - — .
- 1. gy, ™~
/‘ \ round-no, 51, "”dS' “
Bhature -

Local training \ 5C1, U1, Hop Py e re,
| Counter - Blind 57 nature
Client2 Ly

) PubKey2, 1. Blind Signature request

| . round-no, 52, 2. Blind Signature
\ Local training", SC2, U2, Hop) ™~ — S

Privacy, security & trust in Al-enabled 6G
\ e focus: security and privacy mechanisms for collaborative learning and

2 B\inﬁS'\s“aturB ,// eXplall Iable AI
. T
round-no, $3, |iocal training

5C3,U3,Hop Moo *—Upda;e‘g(c\ienﬂ
Counter
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Conclusion Hexa-X

* 6G will be much broader than the radio-access technology
A flexible platform providing connectivity, data, compute, intelligence, and
sensing

* New results available at hexa-x.eu/deliverables/

* D1.2 Expanded 6G vision, use cases and societal values - including aspects of
sustainability, security and spectrum

« D1.3 Targets and requirements for 6G - initial E2E architecture

. 2(232 Initial radio models and analysis towards ultra-high data rate links in

« D3.2 Initial models and measurements for localisation and sensing
« D4.2 Al-driven communication & computation co-design: initial solutions

« D5.2 Analysis of 6G architectural enablers applicability and initial
technological solutions

« D6.2 Design of service management and orchestration functionalities
« D7.2 Special-purpose functionalities: intermediate solutions
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Hexa-X-ll overview A

Hexa-X-1l is the next European level
6G Flagship

Focus will be continued Qe Neia SOTE =l @
development of technology and @
define the 6G platform and system

#igamcom

Funded through Horizon Europe
SNS-JU

44 partners Ty
. TNO " L
* Cover the entire value-stack " v M

from hardware to systemto . .
platform to applications to  quaiconm @ g
service providers and a strong Eseouans I

vVTT

) )
academic presence °§‘°Ie/
» Nokia is overall leader Atos . - & Apple

eee L.
-+ Telefénica

oooooooooo

Ericsson is technical manager veom | Szl ctte” () 1RATE



Consortium

Service
providers

Applications and
software

Platform

System and
technology

Chipset and
hardware

6G ecosystems
and offering
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Timeline

2016 2018 2020 2022 2024 2026

Initial 5G

. . 6G systematisation |
6G structuring and framing research projects 6G technical

standardisation 6G evolution

Research on 6G technology components

6G requirements 6G commercialisation




Overall objectives of Hexa-X-lI

A holistic flagship towards the 6G platform and system

to inspire digital transformation for the world to act together in meeting
needs in society and ecosystems with novel 6G services

Digital Warld
. Y

Connecting

Trustwarthiness - .
EWEEINES ntalligence

&9

(M Global semvice 51 ]
‘,1 e Sustainability ,‘

Physical Human
World World

Hexa-X &

Horizon-2020

candidate
enablers

>

¢1¢ HEXA-X-II

24

6G use cases, services,
and requirements

6G system blueprint

and platform

6G technology
readiness

SNS stream B
projects

Value for
society

Global dissemination
impact

Strategic
autonomy



Interactions with other SNS JU projects

Strand 1: System Architecture

Strand 2: Wireless Communications
Technologies and Signal Processing

Strand 3: Communication Infrastructure
Technologies and Devices

Strand 4: Secure Service Development and

Smart Security

KVIs: Key Societal Value indicators
KPIs: Key Performance Indicators

KVlIs & KPIs

0 HEXA-X-1I

Strand 5: Holistic
System

Technologies

BESNS

Coordination/synchronization
via the 6G SNS WGs

24



WP1 Value, requirements and ecosystems

Gathering feedback from
society on
6G value

Defining use cases,
requirements and KVI,
KPIs

Sustainability

2
S

Economic

Environmental

Analyzing stakeholder and
ecosystem models

O



WP2 End-to-end system

Multi-stakeholder service management automation

CSsP Verticals Applications oTT

vy ¥
e

5 ol
o

Enterprise Operator

Intents

38

\ 4
> Bg
a

6G radio interface and protocols

=) D
@ W@

Digital twin for system-level security and resilience

2]

Applications

Topology control Network digital twin
Internet
1 T 11
Model mapping
Data Trafic | [[]]
repository sources

Other SNS
project
components

Radio
E2E innovations

Sustainability
Inclusion Trust

New devices
and flexible

infrastructure
Al,

cloud-native
architecture

6G network platform blueprint

24

Sustainability Trust

Inclusion

Consumer and vertical 6G applications

Managemer:ut and Diagnostics
orchestration
Network Radio and
Intent - )
transformation sensing
Devices

-

»  E2E system validation

6G



WP3 6G architecture design

In-robot sub-networks

MNew access method, mesh,
D2D relaying, NTN, drones Q

%

Data-driven architecture

{93 o
Y%t dms

In-robot
sub-networks Smart factory

g

Mesh, D2D, ulira high frequencies, relaying, optical @
\ | S
/ <:> — In-car D

Cloud core sub-networks
ﬁ /Sensmg\

network
and RAN
Beyond communication,
sensing, compute, etc

Modularized network Modularized network



WP4 Radio evolution and innovation

Towards THz communications Joint communications and sensing
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Attenuation (dB)

Sustainable,
trustworthy,
inclusive and holistic
radio design

Frequency (THz)

Flexible spectrum access solutions Intelligent radio air-interface design
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WP5 Future devices and flexible infrastructure ‘I?

MNew network or backhaul enablers

£
L J

Class X Class Y Class 7

0 WPT/SWIPT (EES‘—) oo | :
Metwork controlled D2D JCAS / I
e 0 e ({0 @ NN (( Q ) )

Ambient energy \ ’ : ’ \
harvesting /

Generic device

mmWave =THz

(“bpa Tbps

HW and RF T
transceivers “~——

ms = yus

Interfaces (internal and external)
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WP6 Smart Network Management

Trustworthy management and integration fabric

Realtime zero-touch control loop automation

Real-time
control loop

s w
=
0%

(i

Programmability, flexible
@ @ network configuration Medium-term
User policies and monitoring zero-touch é%

configuration
Long-term
automated
configuration
—>
) +—
Sustainable and frustworthy -~
|

Al/ML-based control

()

T
o

G, |

Inter-domain and inter-computing management

ElE

s
gl

loT resources Edge resources Cloud resources



Deliverables ‘X’

Deliverable name Date
D1.1  Environmental, societal and economical drivers and goals for 6G July 2023
D2.1  Draft foundation for 6G system design July 2023
D3.2 Initial Architectural enablers Nov 2023
D4.2 Radio Design and Spectrum Access requirements and key enablers for 6G Evolution Nov 2023
D5.2  Characteristics and classification of 6G device classes Nov 2023

D6.2 Foundations on 6G Smart Network Management and Orchestration Enablers Nov 2023
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