{P) PREDICT6G

PREDICT-6G

Towards a deterministic 6G network

José Luis Carcel (ATOS/EVIDEN)
SNS JU 6G Architecture WG Meeting - 01/03/2024

* ¥
* * Funded by This project was awarded funding by the European Union’s Horizon Europe Research and
L the Eu ropean Union Innovation programme under grant agreement N° 1101095890.

*
*




Project Overview

PREDICT-6G aims to design, create and validate end-to-end (E2E) 6G solutions
providing deterministic services over multiple interconnected domains and

technologies (incl. wired and wireless).
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01-System-Architecture

AUS RALO
O

Time frame: January 2023 - June 2025
Duration: 30 Months
Coordinator: Antonio de la Oliva (UC3M)

Consortium: 17 organizations, 8 countries.
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https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-ju-sns-2022-stream-b-01-01
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-ju-sns-2022-stream-b-01-01
https://predict-6g.eu/

Vision

@ Reliable

Availability
Low packet Loss
Failure resilient
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Building a deterministic 6G network

@ Time sensitive

Bounded latency
Low jitter

@ Predictable

Use of Al to predict events,
states, demands, resources

Autonomous proactive actions
based on predictions




Project Approach ©
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3 pillars 3 use cases 2 testsites

To extend the reliability and time
sensitiveness features of IEEE 802.11

: : Smart

and 3GPP networks, including APIs \
for the monitoring and control. manufacturing STONIC

Open Lab
To develop a multi-technology (Madrid,
multi-domain Data-Plane jointly Multi-domain Spain)
with an Al-driven multi-stakeholder deterdiIETaE
inter-domain Control-Plane (AICP) . .

communications

To enhance the predictability of the Nokia
network through Artificial Open Lab
:c"te”igte,“;e’ f thenabling the}i Determinism for (Budapest
orecasting o e occupancy o .rs
network resources and the effect of Critical Hungary)

accepting a new flow into the communications
network.



Specific Innovations ®;
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Cross-domain E2E deterministic service
management and automation

Highly configurable monitoring platform for
multi-technology deterministic networks

Emulate deterministic network capabilities on
top of non-deterministic network segments

Improvement of L2 deterministic capabilities
of IEEE 802.11 and 3GPP

Predictability through Al and Network Digital
Twinning

Data-plane integration of multiple
deterministic and non-deterministic domains
User, resource, and function mobility under
deterministic constraints
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Service Architecture Reference Model ®
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E2E services: E2E deterministic services spanning multiple domains. There services are
defined and managed through the composition and orchestration of domain level services. The
endpoints of an E2E service may be in different domains.

Domain level services: Deterministic services at the domain level created and managed to
fulfil the domain’s role in the E2E services. The endpoints of a domain level service are in the
same domain.

o PREDICT-6G E2E service endpoints O Per domain serviceendpoints

Border GW BorderGW End device

End device
- ' - < - I
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Domain 1 service 1

Domain 2 service !

Domain 3 service 6



Service Architecture Reference Model

The components of an E2E deterministic service
request are the following:

1. E2E service endpoints (mandatory): defines the
logical endpoints, which are the termination points of
the service that is to be provided.

2. QoS characteristics (mandatory): defines the
expected packet forwarding treatment between
service endpoints.

3. Traffic characteristics (optional): defines the
pattern of the traffic that is expected to be transferred
in the service.

4. Traffic flow template (TFT) (optional): defines
packet filters to select the traffic that is transferred
within the service.

5. Service lifetime (optional): the time boundaries
and recurrences when the service should be available.

Priority
Reliability
v
Packetloss
v
Jitter
Directional?
yes no (req/resp)

E2E delay (per
direction) round-trip time

E2E delayand

Periodic?

yes

Burstarrivaltime
window

¥

Burst completion
time window

Flow direction
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Periodic?
yes no

l

Periodicity

'

Period

'

Max.burstsize

i

Maximum flow
bitrate
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Architecture overview

Al-driven inter-domain control plane (AICP)

[ User [ application ]

PREDICT-6G targets the provisioning of E2E  ____ -1 p— ——
deterministic services in multi-domain and multi- ‘ \

technology (3GPP, DetNet, WiFi) scenarios. E v E
. . . . on o I ervice !
To achieve this, the system architecture is split in : e ca <) ‘ rerotory ‘ !
two main architectural planes: : - . !
! i i i
Multi-domain multi-technology data plane i : :

h 4 A A
(MDP) to deliver deterministic services in the ' 3aPp Detiiet WiFi :
. o !
data-plane, addressing also cross-domain s(or _"i___DT "iF'___ DT 'i":__,f
integration, integration between the AICP and ',’ v i
the MDP, and handling non-deterministic | 3GPP MD“NE’“PM Wi :
. Network Network Network "
network technologies. ! .
I I
1
Al-driven inter-domain control plane (AICP) to : L] N
provide service management capabilities at X @ @ (pevice) !

end-to-end and domain level of PREDICT-6G. Multi-domain data plane (MDP)

E2E deterministic service flow (MDP)

—» Request/ configuration (AICP)

................ > Measurement/ status/ insight
(AICP)



Multi-domain Multi-technology DP architecture concepts '®

PREDICT-6G’s MDP builds on a collection of existing network technologies (3GPP, IETF DetNet, WiFi). Its architecture focuses on: EREDICT 66

M
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How to integrate those technologies at domain borders.

How to make them programmable from an E2E perspective to realize PREDICT-6G’s mission of cross-domain determinism.

The main PREDICT-6G MDP architectural concepts are:

E2E deterministic service flow: Logical connection across
one or more domains with deterministic QoS characteristics.
User plane packets mapped to the same E2E deterministic
service flow should receive the same treatment in the data
plane and must not be reordered.

E2E service endpoints: Logical endpoints of E2E
deterministic service flows. The endpoints are implemented
by the network/technology stack of the domain that is
hosting the endpoint. For example, in 3GPP, the service
endpoints are the UE and the UPF.

Per domain service endpoint: Logical endpoints of a domain
level service, according to the concept of service in the
corresponding domain. For example, in 3GPP, a domain level
service is a PDU Session.

Inter-domain coordination: Potential mechanisms applied
on the data plane endpoints between domains, where user
plane packets are transferred from one domain to an
adjacent one.

Intra-device coordination: Mechanisms applied within the
network and technology stack of a single device or equipment
to facilitate deterministic packet processing.

,o Non-TSN capable
t" device, fixed endpoint

Q Perdomain service endpoints

© PREDICT-6G E2E service endpoints .
Non-TSN capable wireless

ensors, fixed endpoints

— Non-deterministic connectivity
(requires furthermechanismstoensure
determinism)

Edge UPF: fixed endpoint
TSN capable device, (maybe only temporarily
fixed endpoint available)

m Aggregator GW: fixed
endpoint (always on)

TSN capable device,

@ fixed endpoint

________ Nomadic

endpoint
()

(maybe
offline)

Core cloud DetNet/IP domain

Fixed endpoint

(always on) Wi-Fi AP: fixed

endpoint (alwayson)

Mobile endpoint
(maybe offline) Note: the concepts apply to other
technology domains as well.



AICP Architecture Design and Components ®
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The Al-driven inter-domain control plane (AICP) is designed under a service-based architecture

to collect all capabilities needed to control and manage the MDP to create and assure
deterministic E2E services. The AICP is composed of:

Managed Entities (ME) MS consuming / providing
services from/to (any) other MS
* Architectural components of the PREDICT-6G MDP, \
i.e. technology domains (3GPP, WiFi, etc). In AICP, a Management capabilities | s s
MS may or may not interact with one or more MEs. exposed by the MS =~
* The interaction is done via ME’s API, which are < !“5';“’":“5‘
defined in state-of-the-art standards such as 3GPP Architecture |
IETF DetNet, etc.

MS controlling / monitoring
. ME (and idi - MS

Management Services (MS) Con;jﬂmf’gs"e'nji'l%é 5
from/to (any) other MS)

MS

Y
-/

* Provide one or more management capabilities

(configuration, data, measurement, performance, MS;E':‘?;;T/E
analytics, control, etc.) with a scope (e.g., to control (existing std.)

one or more MEs, provide services to other MSs).

* MSs interwork via APIs defined individually per
each MS.




AICP Architecture Design and Components

Management Domains (MD): Set of interworking (federated) Management Services with the same scope (e.g,
operating over the same group or type of managed entities). The PREDICT-6G AICP defines three types of

Management Domains:
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1.  Domain specific MDs: Provide MSs for a given network technology (or administrative domain implemented by

a given network technology). MSs in these domains interact with MEs, DM and E2E MSs.

2. End-to-end (E2E) MD: Provide MSs for creating and managing end-to-end deterministic services over multiple

networks with multiple technologies. MSs in these domains interact with E2E and DM MSs.

3. Inter-Domain Integration MD: MSs in this MD provide services for the PREDICT-6G framework itself (e.g., MS
discovery and registration, high availability, resiliency, etc.).

E2E MD

PREDICT-6G AICP defined service APIs |
|

Inter-domain
interworking MD
L

| i’ L. | I»-i-----—-—---—-—--—-_-_-::“I
3GPP MD IETF DetNetMD | | Wi-Fi MD . Other MDs i
(technology specific) ‘i (technology specific) j i\ (technology specific) ,i El (technology specific) i_ !

3GPP defined i/f
(existing std.)

3GPP network

DetNet defined i/f Wi-Fi/DetNet defined Other i/f
(existing std.) i/f (existing std.) (existing std.)

Other Networks
(extendibility)

DetNet/IP Network

Domain specific MDs




AICP Reference Architecture

PREDICT-6G AICP Reference Architecture
is composed of:

1 E2E Management Domain:
composed of 10 E2E Management
Services.

1 Inter-Domain Integration MD,
composed of 3 Management Services.

22 Domain Specific Management
Domains, each composed of 16
Management Services.

Main innovations with respect to AICP
Management Services are:

Al-based
framework

network  control  plane
Network digital twins for predictability
Monitoring platform
Inter-domain orchestration

network control

and
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AICP Key design principles ®
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Service centric approach
* Define MS that can be implemented and produced/consumed via interfaces.

* A reference architecture with logical entities aggregating MSs is provided as implementation
guideline.

Modularity and separation of concerns

* The management services are self-contained with well-defined scope and clearly defined
interfaces.

Extensibility
* MSs (as well as new MDs) can be added without impact on existing ones.
Flexibility and scalability

* An implementation of the architecture may selectively include only a subset of MSs adapted to
the domains existing in a specific deployment.

* Allow (self-)adaptation to the configuration, capabilities, size, resources, topology and other
aspects of specific deployments.
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AICP - MDP Integration Principles ®

E2E MD A PREDICT - 6G

The integration between AICP and MDP is achieved through:

[ Time SyncManagementMS]
S

a) Technology specific APls between domain specific MS
and the corresponding technology

[ E2E Resource ManagerMS]

b) PREDICT—GQ AICP d'efined service-based APls between E2E (o) rre
MS and domain specific MS. AICP APIs

Technology specific Technology domain

)
)

1] 73]
s £ s =
g [ @©
Time sync 1. Provided by MDP as Open APIs % 3 = 3
Measurement (North-bound interfaces of :E’j' o = §_ 2 =
collection programmable technology £ é § UE’ e fg
specific data-plane £l a = £ | & :
8 [=]
Resource Config. capabilities) a “EJ E a GEJ E
(= x = a4
Topology exposure f i
pology exp 2. Consumed by AICP’s domain | =

specific M§ implementations o
(on their South-bound T
Resource exposure interfaces).

Capability exposure

Domain #1
technologies




Summary ®
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PREDICT-6G considers that networks need to be enhanced to become more
deterministic (i.e,, predictable, reliable and time sensitive) to cope with emerging use
cases.

The 6G network will be composed of multiple heterogeneous networks merged
together. Not a single L2 solution will solve the problem.

PREDICT-6G integrates multi-domain layer-2 islands of deterministic technologies
through layer-3 mechanisms (DetNet, RAW).

PREDICT-6G proposes two main architectural innovations:

* Multi-technology multi-domain Data-Plane (MDP)
= Enhance L2 technologies
" Integrate them into a single E2E data plane
= Expose APIs for control and monitoring

 Al-driven Multi-stakeholder Inter-domain Control-Plane (AICP)
= Al-based network control plane framework
= Network digital twins for predictability
"= Monitoring platform
= Inter-domain orchestration and network control 15
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Thank you!

For further information, please contact the project
coordinator:
Antonio de la Oliva (UC3M) aoliva@it.uc3m.es

¥ @Predict6s @ predict-6geu [N PREDICT-6G Project

This project was awarded funding by the European Union’s Horizon Europe Research and
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mailto:aoliva@it.uc3m.es
https://twitter.com/Predict6G
https://twitter.com/Predict6G
http://www.predict-6g.eu/
https://www.linkedin.com/company/predict-6g-project/

	Diapositiva 1: PREDICT-6G
	Diapositiva 2: Project Overview
	Diapositiva 3: Vision
	Diapositiva 4: Project Approach
	Diapositiva 5
	Diapositiva 6: Service Architecture Reference Model
	Diapositiva 7: Service Architecture Reference Model
	Diapositiva 8: Architecture overview
	Diapositiva 9: Multi-domain Multi-technology DP architecture concepts
	Diapositiva 10: AICP Architecture Design and Components
	Diapositiva 11: AICP Architecture Design and Components
	Diapositiva 12: AICP Reference Architecture
	Diapositiva 13: AICP Key design principles
	Diapositiva 14: AICP – MDP Integration Principles
	Diapositiva 15: Summary
	Diapositiva 16: References
	Diapositiva 17

