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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
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6G: A platform serving applications “w

« 6G networks should be
platforms for a wide range 6G: a platform serving applications

of technologies towards a
Application | Application | Application S Application f:g’l:?r:':"ents
information,
! | requests

wide range of applications
services offered

* The networks should
expose data through
simple APIs and allow for

interaction with (communication,

Expansion

applications mesrhndi® ___l Platform (a set of technologies offering services)

information, ...)







Architecture design principles for 6G End-to-End System

¢

Principle 1 Principle 2 Fr;g;:ﬁlte 30 Principle 4
Support and exposure Full automation and different ne)tcwork Network Scalability
of 6G services optimization SCENarios
and capabilities
. .. . Principle 8
Principle 5 Principle 6 Principle 7 Separagon of
Resilience and Persistent security Internal interfaces concerns of network
availability and privacy are cloud optimized functions
Principle 9 Principle 10

Ten 6G design principles

» Impacting 6G E2E system blueprint
design

Network simplification in
comparison to previous
generations

Minimizing environmental
footprint and enabling
sustainable networks

* Achieving the 6G key values
realization of environmental, social

and economical sustainability.



6G System Requirements (initial)

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

- Physical
Awareness
Immersive I8 > [ Digital
Experience Twins
°,0 |
\ T /
\. N 2

Fully
Trusted Connected

World

[Smart Maintenance |
Digital Twins (Buding mode)

Hexa-X-1l 6G use-cases (source Hexa-X-11 D1.2)

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

= o| 2
=y o5 =
2 |5 lbe | £8| %
Requirements\Use case S x £ 2 % - s 2 g e RET >
= - = 2 2 o @ Solg e =
£3| ss5Es| 23| 5:6%2
SZ| cZ2BMEx| OE| T 3E & E
Ubiquitous connectivity X X X X X
Indoor coverage X X X X X
Extreme connectivity (high bitrate) X
Mobility support X X X X X
Pervasive AI/ML X X X X X
Efficientsleep 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
Predlctal_)le I_ow-latency E2E X X X X
communication
Security/Privacy X X X X X
Resilience X X X X
Service continuity X X X
Flexible radio Mobility Improved access Native Al/ML
protocols procedures convergence capabilities

Multi-connectivity IniismisbEEEs

6G service delivery across multiple digital

service providers

management

Seamless orchestration across the compute
continuum

New 6G capabilities exposure

¢



E2E design




Hexa-X-ll key terms

6G
blueprint

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.

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

Any technical asset that makes it possible to realize or enhance a 6G
capability.

A 6G enabler is recursive, e.g. 6G system enables new use cases, 6G radio is an enabler of 6G system
to achieve system requirements. 6G enablers can be further classified into different types that are
extensible, e.g. architecture, system component, process, algorithms, etc

¢
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6G E2E system - 6G blueprint “w

Data plane

Control p|ane ......................
Interface/Exposure 0 o————————-.
Control/Intents/Observability mm m= == =

Foundation of the E2E 6G
system architecture L
pplication layer

» The 6G system should [ ep | [ oo |
provide servicesand data |
exposure to EZE Network-centric application layer
applications - covering — ol r—
new and existing EEE EE XX
Capab] l]tleS Networks functions layer

Pervasive functionalities

Data collection

framework

Al framework

 New functionalities

should be incorporated Beyond-comm. functions

. . 6G RAN NF

into established network

StI’UCtU res I Security & privacy

Completed with specific
views to capture the Infrastructure layer

holistic system, e.g.

management and

orchestration views, etc.
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From 6G enablers to 6G system design? A

Security, privacy and E2E resilience

our focus todey
cvdence |12
Key Management Secure App.
(Relying party) secrets, (Aester) —_E—
——r——
: . T e p——
Al enablers for data-driven Network modularization Virtualization and cloud Attestation server pars
architecture transformation verier) | mmm—
. Multi-cloud orchestration N
Stre?umnz:z: Nw Network migration & Integration and orchestration @ T ; Custorn security provisioning
o S of computing continuum e x .
resources i s € 4 @)
e . ®© o = P -
5 > G Trustor Trustee
i Bolsation b:};%.aﬁ Loneriing, tmpeovmmnent snd exhpestsen
ML orchestration Intent-based i Leaming
management

New access and flexible topologies

Networks beyond communications \
Network of networks 6G Multi-connectivity ~ Context aware transport JCAS

Dynamic device offloading

Intent-based service management automation enablers

e

== os

<
= =\

Systemization towards 6G involves studying
technical components and assessing how they

able flexible network Management mechanisms

onfiguration #4 Trustworthy 3¢ #5 Multi-cloud management ~ #6 Orchestration mechanism
able #2 Programmable party management mechanisms for computing continuum
0 Work network monitoring and —
configuration telemetry A J— / §
Future devices and flexible infrastructure \

chss Y

#3 Integration fabric

Service mesh Message broker
S[Fnal processing and algorithms: Waveform, modulation, coding, radio resource =
allo

cation, Al-air interface for CSI prediction, precoding, PA post compensation, ... = Ji / Zero_touch \
iT = “ ,= #10 Closed loop governance
T #9 Network Digital 3
HW and ! ‘ k i P Twin 7Y [EE-EE
for 6G (focus on sub-TH: = Ie Monitoring | | Execution
and RIS) % O @ . K ] L
™ 0 . = O = . .
L o, % -s\\H : Sustainable Al/ML-based control T * #11 Coordination of
\ " e . & #7 Sustainable #8 Trustworthy . multiple closed loops
| /cost L ) — K [owenerme ], [ Ewemecae | [ Eweme Eage |
USRS (RS E GHE) Radio link modelling: Channel modelling, Flexible spectrum access solutions:  KVIs focused solutions: ) ) st Q
neutral & zero energy) Link-level signal modelling, EMF, coverage sharing, coexistence, random access sustainability, security, resilience I | Rt | Bl
- - = . . e ¢y £ woanere © § Mﬂ"y
. d 9
9 @dé o
= T e M




Iterative system design process A

O KPIs/KVls-based design iterative sub-process O Top-down versus bottom-up alignment iterative sub-process

____________ » Compatibility analysis
Use Cases | | + Commonality analysis
! ] « Simplification of
| | I I functionalities
Targeted Targeted : : « Unified exposure analysis
KVls KPls l i i
|
( i ) + Design principles : :
6G System design . Observed KVIs + 6G system blueprint | | | T .
(device/components/network) ! :
\ / | 6G System | E2E Component Enablers &
t : Design | Alignment Selection Component Design
( ) : :
Observed KPIs | |
Other SNS
L ) Enablers &
Component
Design
> Trade-offs as conformance to certain values > Pros and cons of each promising enabler/component/subsystem
can lead to degraded performance. > Aligning technical components/enablers with the E2E

performance and operation targets/expectations



blers for integration in E2E system (@)

Key criteria for enabler integration in E2E system




Mapping of management and orchestration enablers in E2E

system blueprint

Device

Transport NFs

Integration and orchestration of computing continuum resources
Cloud continuum

Data plane

Control plane
Interface/Exp osure
Control/Intents/Observability

Application layer

Network-centric application layer

Networks functions layer

Beyond-comm. functions

Infrastructure layer

Multi-domain /multi cloud fed eration enablers

Programmable flexible network con figuration

DEEN [

Pervasive functionalities

Data collection
framework

Programmable network monitoringand telemetry

Al framework

Sustainable Al/Mibased contro) Trustworthy
Al/ML:based control

Seaurity & privacy

Trustworthy 3rd party management
Trustwo rthyAl/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.
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Early M&O specific view “w

Tenants: R G L LE L L L L L P P L L L LTty
* Tenant-1 type = Aggregator (OTT & Hyperscaler ' |
marketplace) ! Vertical Application Service Tenant-2 type !
H 1
* Tenant-2 type =. Vertical example = XASP and vertical ' (828) Provider (B2BC) I
————————————————— 1
accessing DSP w/ aggregatorR Provider i Tenant-3 type ' B H e Bl it
. . 1
= * Tenant-3 type = vertical accessing DSP w/o I '
= aggregator. Vertical example = banking. : Vertical ' P iy Itk :
1
L | (B2B) ' ' ; '
3 X ! ! Aggregator (OTT, Hyperscaler Marketplace, Telco Consortium) Tenant-1 type
a (S ! (B2B2X) !
< h :
Digital Service B e it
Customers (DSC) S Intent-DSC API (Business operations) - ______-_-_____-___"_'_‘_‘::
Intent-DSP API
Digital Service Provider (DSP) _ S o(Beurzit?sZss) P Single Administrative
(Autonomous Business Single Administrative @ Intent-based Digital Service Manager P Intent-based Digita @ Domain (e.g., network
. Domain (e.g., network Service Manager operator)
. management domain) operator)
v Intent-DSP/ Non-intent API Intent-DSP/ Non-intent API
5 (Service operations) (Service operations)
8 _______________________ B 2 e -
&
Capability Operator (COP) : -
o3 Service MD @ l . . ] [ - - Service MD
; Integration Fabric Integration Fabric @
ki (Autonomous Servu;e (next-gen 0OSS) (next-gen OSS)
B management domain)
=
©
o B i e i B bl R e E e
O Intent-COP/Non-intent APl _} __-—--- S N— emmmmm e Intent-COP/Non-intent API
Resource Provider (Resource operations) |77 R [ Bt E (Resource operations)
(Autonomous Resource

< L management domains) RAN MD @ CN MD @ Al MD @ TP MD @ Cloud MD @

» 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.



System Proof of Concepts

Three System-PoCs validating the system design and demonstrating the feasibility of

>
=
o)
®©
£
[}
)
7]
S
w

achieving targeting 6G KPIs and KVis.

24

Environmental

Trustworthiness; Energy efficiency / Resilience / Limited
. . - o / privacy; Digital consumption CAPEX
Trustworthiness; Energy efficiency / Resilience / limited inelusiam
Time related KPIs Power downtime; OPEX
consumption Management and Diagnostics
orchestration intent
Management and Diagnostics N K hi q ’ )
e - etwork arc |te§ture an trgns ormation
" Trustworthy flexible topologies,
5 Beyond communications
o)
]
c
o
>
N4
Cobots, twinning
= / Trusted
node
Cobots ©

Flexible

sl P Ll fﬁe%

System PoC A System PoC B

Gradual addition

Trustworthiness; Energy efficient Resilience / Limited
Exposure, security radio, zero-energy downtime; OPEX;
/ privacy; Digital devices CAPEX

inclusion

Management and

orchestration Diagnostics intent

Network architecture and transformation
Trustworthy flexible topologies,
Beyond communications

6G device 6G radio
components aspects

Cobots, twinning, XR, loSenses =4
N4

Nzl y

L
System PoC C 6 G
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PoC A - Warehouse Inventory Management "

1312
©
Edge 42 1 B

< Resources

edge/cloud continuum

2 <>
S NS

NS

NP~
PPEPEP

Advanced Features for Applications:
« Cobots (autonomous robots, UAVs, human in

the loo), Massive Twinning, XR

Social Considerations

Sustainability (Environmental and other
perspectives), Inclusion, Trustworthiness

Scenario

Intent: area to be covered

Task allocation: devices to sub-areas
Functionality deployment

Task realization through cooperation of
devices and humans.

Requirements for next generation:

« Extreme connectivity: latency, bit rate
« Joint Communications and Sensing

» Flexible allocation of functionality &

topology formulations



PoC A - Key findings*

 Functionality Allocation (FA) mechanism was
developed for optimally placing functionality to
the various compute nodes of the system. A — . —
—@— proposed FA mechanism vs random placement (baseline 1)

d AS power Consumption 'is Considered the power 27.5 4-— proposed FA mechanism vs round-robin placement (baseline 2) ------------------
consumption for processing and the | | | | ;
transmission power consumption.

« A metaheuristic algorithm is developed based
on a Genetic Algorithm paradigm.

« The results are compared with two baseline
algorithms, the feasible random placement and
the SoTA round-robin placement.

« The validation scenario comprised 7
compute nodes (3 robotic units, 2 edge
servers, 2 cloud servers) and increasing
number of compute workloads/ tasks

« The FA algorithm compared to the baselines can
gain 8.8-28.6% reduction of power consumption

25.0

22.5 A

20.0 -

17.5

15.0 -

Reduction of power consumption (%)

12.5 A

10.0 A

. Working on: # Workloads
. integratin the trust manager Component Reduction of power consumption with increasing number of workloads
to succeed maximum trustworthiness of our FA mechanism compared with two baseline algorithms.

» Develop an ML algorithm to possibly obtain
better performance.

* More key findings are reported in D2.2



System-PoC B . . ‘I‘

Multi-site, synergetic

monitoring and orchestration
» Pre-condition: A manufacturing task is conducted in a certain site, e.g., site A

1
* In the particular site a role needs to be changed (e.g., from manufacturing to inventory) o
* Manufacturing is transferred to another site, e.g., site B
* Manufacturing in site B uses components from site A
» Show case of multi-site, synergetic orchestration
. . . 11
* requirements on connectivity 12
+ complementary use of software and hardware components (no duplication) “
i: mi tion_ma>
; “metr pe": "Phy u.a
Multi-site, cloud- = ! Y " : "cpu_utilization”,
////,/V based Service \\\\ 4 m ,:‘_’,_ Assuming Se% CPU utilization for this example
T Operations g &5 T “n ropication"

“ram_utilization”,
uming 4 GB of RAM used for this example

T ® | ——
- m i ' 4 Assumil
Site A - rc o :: X : 'Ap:ii:aticm"
Manufacturing to _ 2|
Inventory operation Site B -

Manufacturing .
operation is triggered o i V
EEE 2 '~ “ E; "value": 1eee // Assuming a dummy value for maximum capacity link
S5 .
=f KX ji
R Y= :
" S
X 20 12 ;.—”1) S < Al
TS & M & von DEITRRSE
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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 /




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
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