Hexa-X-1l - Foudation for 6G E2E
system design

Hexa-X-ll workshop on 6G

26 January 2023
sylvai ne.kerboeuf@nokia-bell- DS

Hexa-X-lI

hexa-x-ii.eu

2.2.2024


mailto:sylvaine.kerboeuf@nokia-bell-labs.com

Outline

Evolution toward 6G
6G design principles and system requirements

E2E design
* 6G blueprint
» Design process

SNS stream B project enablers integration



Evolufion to 6G E2E sy :
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Evolution towards 6G ‘.A.‘

« A6G RAT The CN of 6G is New/modified components to
should support an standardized as ___|SES support 6G UEs and RAN
extended spectrum evolution of 5GC SVOIIHOn _—
range than 5G, . : .
provide open 56 will continue CN/RAN split remain as a key interface
jnterfaces ) and plug to use legacy / but could be different for 6G
into an updated 5G CN/RAN >
CN interface The standardized 6G RAN
<« architecture could be different than
5G RAN

Evolved LLS is an importantinterface,

6G radio access and will be supported from day one in 6G

- New RAT
NR evolution spectrum compatible with NR

5G radio access

$

$

$

Existing spectrum New spectrum
especially sub-6 GHz e.g. 7-15 GHz, sub-THz

LLS = Lower layer split



6G Platform ‘I’

* 6G networks should
be platforms for a
wide range of
technologies towards
a wide range of

6G: a platform serving applications

Application | Application | Application [N Application f:g&?;ﬁ;nts’
information,
@requests

applications
services offered
 The networks should (communication,
expose data through sarhedi® 1  Platform (a set of technologies offering services) information, ...

simple APIs and
allow for interaction
with applications
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Architecture design principles for 6G End-to-End System “we

Principle 2
Full automation and
optimization

Principle 1
Support and exposure
of 6G services
and capabilities

Principle 5 Principle 6
Resilience and Persistent security
availability and privacy
Principle 9

Network simplification in
comparison to previous
generations

Principle 3
Flexibility to
different network
scenarios

Principle 7
Internal interfaces
are cloud optimized

Principle 10

Minimizing environmental

footprint and enabling
sustainable networks

Principle 4

Network Scalability

Principle 8

Separation of
concerns of network
functions

Ten 6G design principles

* Impacting 6G E2E system
blueprint design

» Achieving the 6G key values
realization of environmental,
social and economical
sustainability.



6G System Requirements (initial)

Capabilities of the system in terms of what it should do
and relevant to a selected list of 6G use cases.

Network Assisted Mobility
Network Physical Data Exposure

Physical
Awareness

Seamless Immersive Reality Realti Digital Twi
ealtime Digital Twins

Cloud Continuum

Immersive Education

Immersive Digital
Experience Twins

Immersive Gaming

Smart Maintenance
Digital Twins (Building model)

Live and Interactive Immersive
Content Creation

Ubiquitous Network
Digital Sobriety and Enhanced

Trusted Ful Iy Awareness

Environments Connected Earth Monitor, Sustainable Food
World Production

Autonomous Supply Chain

Human-Centric Networks

Industrial Sensors Network for
Safe Production & Manufacturing

Virtualization of Device Functionalities

Wireless In-Vehicle Network

Hexa-X-1l 6G use-cases (source Hexa-X-II D1.2)
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Ubiquitous connectivity X X X X X
Indoor coverage X X X X X
Extreme connectivity (high bitrate) X
Mobility support X X X
Pervasive Al/ML X X X X X
Efficient sleep states X X X X
Compute as a Service X X X X
Intent-based interfaces X X
Reliability X X X X
Positioning/sensing X X X X X
Ultra-low-cost X
Energy neutral X
Predictable low-latency E2E X X X X
communication
Security/Privacy X X X
Resilience X
Service continuity X X X




T
Operational requirements of 6G E2E system (initial) “we

A set of requirements which will not be directly visible to end-users, but provide
functionality to efficiently fulfill use case requirements for operators.



E2E design




T
Hexa-X-Il key terms “w

* The external view of a set of technologies and interfaces delivering
6G services to applications, ecosystems, verticals, users etc.
enabling value.

* The technical realization of 6G platform which includes the technology
enablers and their interaction.

» Areference architecture that meets the E2E system needs with
respect to hardware, software and applications.

6G
blueprint

* a 6G technical enabler. It is defined as any technical asset that
makes it possible to realize or enhance a 6G capability. It is
recursive, e.g. 6G system enables new use cases, 6G radio is an
enabler of 6G system to achieve system requirements. A 6G technical
enabler can be further classified into different types that are
extensible, e.g. architecture, system component, process,
algorithms, etc



6G E2E system - 6G blueprint

Foundation of the E2E 6G
system architecture

The 6G system should
provide services and data
exposure to E2E
applications - covering
new and existing
capabilities

New functionalities
should be incorporated
into established network
structures

Specific views to capture
the holistic system, e.g.
management and
orchestration views, etc.

Data plane

Control plane

Interface/Exp osure
Control/Intents/Observability

Application layer

Network-centric application layer

Networks functions layer

Beyond-comm. functions

6G RAN NF
DEIEN TV
Transport NFs

Infrastructure layer

Cloud continuum

Pervasive functionalities

Data collection
framework

Al framework

Security & privacy
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Iterative system design process A

. Systemization towards 6G KPIs/KVIs-based design iterative sub-process

involves studying
technical components and

assessing how they [ ]
Use Cases

contribute to
performance and impact

Targeted Targeted
KVis KPls

» Trade-off between targets
can be important as well { . r 1 \

as managing conflicting 6G System design

, : Observed KVIs
technical solutions (device/components/network) )

\ 4

\
.9 Iterative design process Observed KPIs
in a two-fold manner

J

» Trade-offs as conformance to certain values can lead to degraded
performance.



Iterative system design process

O Top-down versus bottom-up alignment iterative sub-process

» Compatibility analysis
« Commonality analysis

 Simplification of
functionalities
» Design principles  Unified exposure
* 6G system blueprint analysis

6G System E2E Component Enablers &
Design Alignment Selection Component Design

Other SNS
Enablers &
Component
Design

» Pros and cons of each promising enabler/component/subsystem
» Aligning technical components/enablers with the E2E performance and operation
targets/expectations

o



ria for enabler integration in E2E systen‘@)

Relevance and significance of enabler towards E2E system design

Impact of the enabler on the E2E system design

How the enabler fits with the system design principles

Feasibility (estimation) of enabler vs migration options

Dependency with other enablers

Any proposed updates to E2E system design and architecture design principles

Network performance, security/privacy, flexibility, resilience/robustness, and
sustainability/energy efficiency




T
Analysis of Hexa-X-Il enablers for integration in E2E system \

Smart network management and
automation

1. Programmable and flexible
network configuration

2. Programmable network

monitoring and telemetry

Integration fabric

4. Trustworthy 3" party
management

5. Multi-cloud management
mechanisms

6. Orchestration mechanisms for
the computing continuum

7. Sustainable Al/ML-based

2

Architectural enablers for network
function modularization

control 1. Optimized network function
8. Trustworthy Al/ML-based composition
control 2. Streamlined network function

9. Network Digital Twins interfaces and interaction

10. Zero-touch closed loop 3. Flexil:.>le feature.c!evelopment and
governance run-time scalability

4. Network autonomy and multi-X

11. Zero-touch control loop
orchestration

coordination

A preliminary set of Hexa-X-Il enablers that have been identified as important technology
innovations for the use case of cobot cooperating in the context of an industrial environment
that is under study in the system-PoC A and B.



Mapping of management and orchestration enablers in E2E

system blueprint

Device

Transport NFs

Data plane

Control plane
Interface/Exp osure
Control/Intents/Observability

Application layer

Network-centric application layer

Networks functions layer

Beyond-comm. functions

Infrastructure layer

Integration and orchestration of computing con tinuum res ources

Cloud continuum

Multi-dom ain /multi cloud fed eration enablers

Programmable flexible network con figuration

X-haul

DETENTE

Pervasive functionalities

Data col lection
framework

Programmable network monitoringand telemetry

Al framework

Sustainable Al/Mibased contro) Trustworthy
Al/Ml:-based control

Seaurity & privacy

Trustworthy 3rd party management
TrustworthyAl/Ml-based control

Intentbased DSM enablers

All Smart Network Management & cloud
transformation archenablers

Representations the set of enablers analyzed in the first iteration that are part of the M&O view of the 6G

E2E system blueprint.



Early M&O specific view

E2E intent-based service management automation framework
(Option A: DSP aggregation)

Application

ces

Capabilties & Resour

Capability Operator (COP)
(E2E service management)
tent-COP/Non-intent APL | —vommcnmmmmgmmmmmmmeee e e e Intent-COP/Non-intent AP
(Resaurce aperations) * — e e Rttt EE ===t (Resource operations)
Resource Provider
§ (Domain resource management) NW Resources Cloud resources APP Resources NW Resources Al resources
domal domain domain domain domain
managers @ managers @ managers @ managers @ managers @

o

ype = Aggregator {OTT & Hyperscaler

Application Serviee
Pravider (828C) .
]

=. Vertical example = XASP and vertical
w/ aggregatorR Provider

Digital Service
Customers (DSC)

Intent-based Digital

Digital Service Provider (DSP) Senvice Manager @I

Do €8, Metw \
operator

E2E intent-based service management automation framework

; X ')
(Option B: DSP federation) A

Tenants:
+ Tenant-3 type = vertical accessing DSP w/0 agaregator

Vertical example = banking.

______________

Tenant-3type

! ]
i Vertical :
! (828)

'

2 Digital Service Intent-DSC API
3 Customers (DSC) (Business operations)
a
a
- [ .
L ntent-DSP AP
{Business
| operations)

Digital Service Provider (DSP) g nager [
@
8 intent-DSP/ Non-intent AP
s (Service aperations)
3
J T
& H
3 - - - H - -
3 Capability Operator (COP) i| ext-gen 055 (@) Integration Fabric ]
= (E2E service management) 1
3
2
=
< P tent-COP/N tent AP

[Resource operations) | TTRTTTmmssspessssssssesm o TR (Resource operations)
Resource Provider
(Domain resource management) NW Resources || Cloud resources || APP Resources NW Resources Alresources
domain domain domain doamalil domain
managers @ managers {@ managers (@) managers @ managers @

> A “TechCo” framework embraces new services beyond traditional connectivity, with a focus on digital and

application-centric services resulting from an innovation ecosystem leveraging frictionless interactions

between network and 3 party application providers.




T
System Proof of Concepts “w

Three System-PoCs
* validating the system design and demonstrating the feasibility of achieving targeting 6G
KPls and KVIs.

Environmental

Trustworthi ; E fficient Resili / Limited
Trustworthiness; Energy efficiency / Resilience / Limited E;l:)sosfre I;]ee(fusrity rar:j?(;g};grol-c;igrgy doevfllnlteirrl]ﬁ(;? OF:E)I(G
z | social | Environmental | Economic ___[MEINE T Y downtime; OPEX; prvacy: Digiall || cavioes CAPEX
o . . - L / privacy; Digital consumption CAPEX inclusi ’
o Trustworthiness; Energy efficiency /  Resilience / limited . Inclusion
© Time related KPIs Power downtime; OPEX M t and
@ consumption Management and Diagnostics or?;ﬂzgtiglﬁ)l an Diagnostics intent
& orchestration intent
Management and Diagnostics Network architect dt ‘ i Network architecture and transformation
orchestration intent Te V\ior ;rc f|| e(':bLljret an | ranstormation Trustworthy flexible topologies,
» rustwortny tiexible topologies, Beyond communications
5 Beyond communications
g 6G device 6G radio
S components aspects
)
= Cobots, twinning Cobots, twinning, XR, loSenses = \/
el / Trusted to)
d
Cobots e M .
\ /// \\\
sos |48, ] L DT L L
topologies N
O, Z a0,
feg 6o i) 9.,

- 66

Gradual addition



T
E2E simulation framework for connectivity "

« E2E simulation framework is planned to be developed and used for selected 6G
connectivity enablers performance evaluation

SW NW-centric application layer Resource layer
0N

Environment
Simulation

SW sSwW

Application layer RIC (xApps) Cloud computing Application layer

E2

SW/HW SW

Radio Unit Distributed

= 1Q (RU) Unit(0U) i

NW functions layer| Resource layer Network functions layer g /







T
Interaction and interworking with other SNS projects and WGs ‘.A.‘

L KVis & KPIs

Strand 1: System Architecture

, e €% HEXA-X-II
Strand 2: Wireless Communications

Technologies and Signal Processing —> BGSNS
Strand 5: Holistic

Strand 3: C o Sy Coordination/synchronization
trand 3: Communication Infrastructure via the 6G SNS WGs

Technologies and Devices

Strand 4: Secure Service Development and

Smart Security

KVis: Key Societal Value indicators iy OGRS .
KPIs: Key Performance Indicators Technologles

Interaction with the strands in the SNS stream B



Hexa-X-ll E2ZE system design in a nutshell

Analysis of other SNS stream B enablers

> ldentify Missing/undercovered enablers in
Hexa-X-II - but important for the 6G
platform

> Align and possibly complete Hexa-X-II
design principles

) » Evaluate other Stream B project (sub)

system architecture to align and possibly

complete Hexa-X-1l system architecture

System design guidelines
*  Migration from 5G to 6G
+ System design principles
*  6G system requirements

System design process
e REL Rl Smmmmmemees - I - Iterative design process
) - System-PoC evaluation

6G blueprint design

» E2E system blueprint - overall
» Specific views




WoW/ Template for enabler analysis for integration in the
holistic 6G E2E design

¢

Enabler name

Short description

Use case/
operational
requirements (as
identified in Hexa-
X-11 D2.2) tackled
by the enabler

Requirement for
Standards Update?
(Yes/No)

Requirement for
new Hardware
entities for
usage/implementat
ion? (Yes/No)

Does the enabler is
an 5G enabler
enhancement or a
new one?

Relevant system
design principles
(as defined in
Hexa-X-11 D2.1)
applicable for
enabler design

Impact of the
enabler on the
E2E system design

Dependency/
correlation
with other
enablers or

Hexa-X-ll
enablers

Any other
comments

» QOutcome of analysis reported in
> Hexa-X-11 D2.3 - Interim overall 6G system design (June 2023) - input collected from this first workshop and via input to the
template (before March 1st)

» Hexa-X-1l D2.5 Final overall 6G system design (April 2025) -

refined) updated template

input collected from a second workshop (end 2024) and the (possibly



Hexa-X-ll standardization activities & way forward %€

« Communicating the results and impact on standardization
 Support harmonization across SNS stream B projects
 Assessing the performance of various concepts at E2E system level

Name of Target standards and Topics contributed to Outcome/impact
project industry groups standards

The outcome of the analysis will be reported in
« D7.8: Impact to Industry activities standardisation and regulation — Final release (June 2025)



More details

T
A

HEXA-X-II
HEXA-X-1I

A holistic flagship towards the 6G network platform and system, to inspire digital
transformation, for the world to act together in meeting needs in society and ecosystems with
A holistic flagship towards the 6G network platform and system to inspire digital transformation for the world novel 6G services
to act together in meeting needs in society and ecosystems with novel 6G services.

Deliverable D2.2
) _ Foundation of overall 6G system design
D2.1 Draft foundation for 6G system design

and preliminary evaluation results

| DISCLAIMER: Smart Networks and Services Joint Undertaking approval pending |

Co-funded by
the European Union
Hexa-X-II project has received funding from the Smart Networks ces Joint Undert

under the European Union’s Horizon Europe rescarcl
Agreement No 101095759.

and Serv g (SNS

nd innovation programme under Grant

Co-funded by
the European Union

Hexa-X-II project has received funding from the S:

mart Networks and Services Joint Undertaking (SNS
JU) under the European Union’s Horizon Europe research and innovation programme under Grant
Agreement No 101095759.
Date of delivery: 30/06/2023 Version: 1.0
Project reference: 101095759 Call: HORIZON-JU-SNS-2022 Date of delivery: 29/12/2023 Version: 02
Start date of project: ~ 01/01/2023 Duration: 30 months Project reference: 101095759 Call: HORIZON-JU-SNS-2022

Start date of project:  01/01/2023 Duration: 30 months
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BGSNS |

Hexa-X-II project has received funding from the Smart Networks and Services
Joint Undertaking (SNS JU) under the European Union’s Horizon Europe research
and innovation programme under Grant Agreement No 101095759.



Workshop input/output expectation and timeline

Hexa-X-1I D2.1

» Design principles

* 6G blueprint

» System design process

 Criteria for integration
Main enablers of hexa-X-I|

Other SNS Stream B

Design principles
Main Enablers
(sub) system architecture

Hexa-X-II D2.3

enablers from other projects
relevant for the 6G blueprint
(first iteration)

Design principles updates
Design process updates

Other SNS Stream B
Updated design principles
Enablers analysis wrt to the
template(integration criteria )
(sub) system architecture refinement

Hexa-X-11 D2.5
« New » enablers (and their
dependency) integrated into

the 6G blueprint
Design principles updates

M18 (June 24) M28 (April 25)




