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A new ambition for Research Infrastructures in the European Research Area
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Research
Infrastructures as a
Scientific Instrument
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From mid-Scale (~100M€) to Large-Scale (~B€)

MAKING SCIENCE HAPPEN

Anewamiston for Researeh nfraglacturos nthe Eropean Research rea The Euro pean ESFRI f ra mework
European Strategy Forum on Research Infrastructures

Excellent Science Global Challenges and European Innovative Europe
Industrial Competitiveness

Supporting a scientific methodology

a) European Resegrch a) Clusters.
* Health

* Culture, Creativity & Inclusive
b) Marie Sktodoyska-Curie Society

a) European Innovation

Council

b) European Innova tion
Actions * Civil Security for Society
+ Digital, Industry & Space
¢) Research Infrastructures » Climate, Energy & Mobility
* Food, Bioeconomy, Natural
Resources, Agriculture &
Environment

e Joint investment strategy between EU and Member States

Technology
b) Joint Research Centre

http://www.esfri.eu/

Widening Participation and Strengthening the European Research Area

a) Widening Participation and Spreading Excellence b) Reforming and Enhancing the European R&l System
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SLICES, first in digital sciences to
entered the ESFRI Roadmap 2021

* Launched in 2017, SLICES is an Rl to support the academic and industrial
research community that will design, develop and deploy the Next
Generation of Digital Infrastructures:

* SLICES-RI is a distributed Rl providing several specialized instruments on
chaIIenﬁing research areas of Digital Infrastructures, by aggregatin
networking, computing and storage resources across countries, nodes an
sites.

* Scientific domains: networking protocols, radio technologies, services, data
coIIectlon,dparaIIeI and distributed computing and in particular cloud and
edge-based computing architectures and services.

www.slices-ri.eu

Strategy Report on Research Infrastructures

ROADMAP 2021 p

Data
catalogues

Value-added
services

Resources
acquisition

Resources
Provision
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SLICES for research on Digital Infrastructures

1010 - -E= | e == ]

Initiated in 2017, 25 partners from 15 countries:

e 12 political support from National Ministries m
* included in 7 national roadmaps

SLICES will enable scientific excellence and breakthrough
and will foster innovation in the ICT domain, strengthening
the impact of European research, while contributing to
European agenda to address societal challenges, and in
particular, the twin transition to a sustainable and digital
economy.

— slicesn!
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SLICES is a distributed Rl Joint investment strategy

Supervisory Decisions on new nodes
Board Decisions on core functions

Centralised - and data centre
governance: ERIC CMO
Management Committee @ it
® Node
o < Partners
Distributed Optimize the distribution
Infrastructure of resources according to
Country ... needs and competences:
Country 2 control plane, edge
Country 1 . ..
] computing and slicing,
Single entry terahertz, MIMO, ....
point, single O

access policy

slicesni

S =
Users
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SLICES timeline

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
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IMPLEMENTATION

CONTINUOUS UPGRADE
[ prewe H o Fuwmel ]

OPERATION

]
: I
Blueprint deployment J : TERMINATION
]
]
1
]
]

[
Legal structure established J

MoU-1 I

Full operation funding secured and full staff in place J

Services opened No 15% No

S Sl S
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SLICES Business model

& o I

e 25 institutions

* 15 national nodes

* 12 Ministries political support

* Included in 7 National
roadmaps

- J
4 )

—— gslices

4 )

e Academia / Industry / Public
services

e Access: excellence-driven,
market-driven, wide

e Large community

* User Committee in the
governance

N§ )

— slices

First large-scale European

experimental Rl for Digital Sciences
Results

Services

[ Experiments ]

[ Data ] / \

( Tools ] IMPACT

[ Training ] ( Scientific h

Enable scientific excellence and

L breakthrough )
4 N\

Socio-economic
Foster innovation in the ICT domain
L Education and training )

KPls ( Environmental )

Twin transition to sustainable/digital
\Reduced environmental footpriy

SLICES Spanish National Roadshow, October 3, 2023

Member’s fees

Host Premium, partly in
cash and partly in-kind

ISB discussions will allow
to list the countries that
wish to commit to
funding the SLICES-ERIC
for the first 5-year
period

Based on commitment
to contribute to the Core
Budget during
renewable 5-year
periods or budgetary
cycles to provide the
SLICES-ERIC with
medium-term funding
continuity

National and regional
funding to support their
node developments

EU projects and all other
sources

Importance to be listed
on the National Rl
Roadmap or other

strategies

Centrally coordinated by
the ISB (vision,
investment plans, etc.)
for stronger impact

Provide all funders at National and EU level, with
regular KPIs updates of the impact in order to
demonstrate the importance of the SLICES-RI



SLICES leverages access to national funding

SLICES on the ESFRI Roadmap 2021 (indicative)

* Belgium (Flanders): 1.6M€, 2023-2026 T E3
*  Finland: 6.2M€, 2022-2025 E
*  France: 15M€, 2022-2028, PEPR Cloud — PEPR 5G l]
. Italy: 5.6M€, 2022-2025, + 1B
e Poland: 6M€, 2021-2025 years, + E
I
 Spain: i

— slices
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SLICES family projects

» SLICES-DS
« Title: Scientific Large-scale Infrastructure for Computing/Communication Experimental Studies - Design Study .
Duration: 24 months — slicesbs
« Date: 01/09/2020 - 31/08/2022
* Budget: 2,914,175.00 €

 SLICES-SC
- Title: Scientific Large-scale Infrastructure for Computing/Communication Experimental Studies - Starting .

Community — slicessc

e Duration: 36 months
« Date: 01/03/2021 - 29/02/2024
» Budget: 4,998,986.25 €

« SLICES-PP

- Title: Scientific Large-scale Infrastructure for Computing/Communication Experimental Studies - Preparatory Phase — slicespp
* Duration: 40 months
 Date: 01/09/2022 - 31/12/2025

* Budget: 2,999,591.25 €

S slices —————————————————————————————————————————————eeeeeee————————————
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» CONVERGE - Telecommunications and Computer Vision Convergence Tools for Research Infrastructures (Coord.: INESC TEC)
+  Call: HORIZON-INFRA-2022-TECH-01
+ Date & duration: 01 Feb. 2023 — 31 Jan. 2026 (36 months)

. EC grant: 8,025,202.75 €

* SUNRISE-6G - SUstainable federatioN of Research Infrastructures for Scaling-up Experimentation in 6G (Coord.: IS/ATH)
+  Call: HORIZON-JU-SNS-2023-STREAM-C-01-01
+ Date & duration: 01 Jan. 2024 — 31 Dec. 2026 (36 months)
. EC grant: 13,120,676.76 €

« 6G-XCEL - 6G Trans-Continental Edge Learning (Coord.: TCD)
+  Call: HORIZON-JU-SNS-2023-STREAM-B-01-06
+  Date & duration: 01 Jan. 2024 — 31 Dec. 2026 (36 months)
. EC grant: 2,994,474.25 €

» GreenDIGIT - Greener Future Digital Research Infrastructures (Coord.: UvA)
+  Call: HORIZON-INFRA-2023-TECH-01-01
+ Date & duration: 01 Mar. 2024 — 28 Feb. 2027 (36 months)
+  EC grant: 4,938,972.50 €

— slices S————————————
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Steps for ERIC establlshment

In progress

ERIC letter to
IS EES

SLICES-PP

Preparation of application form for hosting the central

hub

Official nomination | e |
of ISB members by pummng First ISB meeting Preparation of the terms of reference

ministries

Preparation of the documents needed for the choice of

In progress _| ISB: Financial framework, Technical design, Long term

vision, Impact strategy and actions, User needs, Logistic

and human resources, Master plan for implementation
and operation, etc.

A 4

Regular ISB S
meetings

In progress |

Request to set up an ERIC
Step 1 & Step 2

Dissolution of the ISB Establishment of the ERIC

S Sl S
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Prioritisation of research topics
What's the methodology behind it?

Indus.
verticals

Al-centric demand

Dls

Cloud-to-
Edge
scalable

Human- Dls

gantric Dls

/o New waveforms, higher frequencies

up to THz.

o Spectrum and wireless
management.

o Integrated sensing and
communication.

o Heterogeneous radio management.

ADVANCED WIRELESS @ ™%
NETWORKING |

[ Breaking down in priority research topics ]

/o Advanced protocols and

architectures (virtualization,
softwarization, programmability).

o Al applied to infrastructure
operation and optimization.

o Generation of data to train
algorithms.

o Distribution of intelligence into (and
beyond) the Edge of the network.
SMART INFRASTRUCTURE
OPERATION AND
MANAGEMENT

p
' o Fog/Edge/cloud hyper converged
infras

o Software component deployment.

o Distributed resource management &
microservices.

o Geo-distributed data management.
o Federated deep learning.
o Datacentres infras for distributed

systems, appli. and software stacks.
DESIGN & VALIDATION

OF NEW DIs AND HYPER—_‘:’"
CONVERGED INFRAS |

ENERGY EFFICIENCY AND /
CARBON FOOTPRINT )"

SECURITY AND PRIVACY
|

N

"o New challenges arising from the

verticals and the ubiquitous
networks.

o Interoperability, composable
infrastructure services on-demand
(Rl as a Service).

o Seamless user experiences across
technologies and domains.

ADVANCED
FUNCTIONALITIES |

— glicesni

[ Simultaneous but progressive exploration of research topics ]
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SLICES and EOSC
Interoperability and
Integration

EOSC: European Open Science Cloud
https://eosc-portal.eu/

3 EUROPEAN OPEN
E SCIENCE CLOUD




SLICES contribution to the development of the EOSC

— slices

EUROPEAN OPEN
SCIENCE CLOUD

#1 Enable experimentation at multiple
network levels through SLICES Rl
']

Physical Edge Cloud
@) Physical Edge Data
0y — Cent
((@\3\((@\) Network enter
Functions g‘:z:"_?;/ Core
Physical Physical | NRENS Network
& Functions Functions
Core
Physical Data
((;Ai)) 0’@ === Network Center
Functions

Allow experimentation with future/emerging digital, IT and

network technologies (e.g., 6G, loT, Edge, Al, hyper-converged

infrastructure).

Objectives: federate existing research data infrastructures in Europe

and realise a web of FAIR data and related services for science.

EU-wide availability of
unique Software and App Repositories

* ICT research-related services (e.g., testing
new infrastructure and network solutions);

* Applications deployed within SLICES;

* Simulation tools;

* Data analysis tools.

Published in the EOSC Catalog and Marketplace
and accessible with different access options.

o

open access

@ EOSC-hub

Orderable via
EOSC hub

1l
|

Orderable via
provider channel

= glices
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Interoperability with
Open and FAIR data

* Producers of unique data;

* Maximize data reuse by adopting of
FAIR data principles in Data
Management and Governance;

* Processing of sensitive and personal
information.

Integration of the
#4 SLICES communities to EOSC

* SLICES community building
More than 120 participants to the 1t SLICES
workshop;
Thousands of users of existing infrastructures.

* Training services




SLICES Reproducible
Experiment Worktlow
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Reproducibility-as-a-Service

How can we limit the effort spent on reproducibility?
* Reduce amount of work for experimenters to create reproducible experiments
« Reduce amount of work for other researchers to recreate experiments
« Make reproducibility an integral part of experiment design
» Automate entire experiment (setup, execution, evaluation)

How can we create robust, reproducible experiments?
 Document all relevant parameters for experiments
« Automate the documentation of experiments
» Well-structured experiment workflow serving as documentation

— slices m—————eeeeeeeeeee
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s SLICES Academy
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Networking,
Edge
Cloud

Orchestration

Virtualization

Research
Methodology
Open source

6G
Compute
Quantum
Security

Al/ML
Data
Management
and Analytics

slicesni

SLICES Academy

Audience

General
public

Msc and
Doctoral
students

National
Roadshow

SLICES
Summer
School

The
Networking
Channel

Training
events
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National
Initiatives

Shared

Digital

Europe
Programme

Micro-
credentials

20



o SLICES BluePrint .
B
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SLICES BluePrint

* Evolve beyond 5G using open 5G technologies on large-scale end-to-
end platforms,

 Disaggregated post5G RAN and Core with cloud-native deployment
* Multi-site, -tenancy and -management deployment
* Enable many types of user perspective experiments

* Documented blueprint, common software/hardware base, fine-grain
automatic control

SLICES Spanish National Roadshow, October 3, 2023 22



SLICES-RI PoC BIueprlnt postSG Cloud-Edge

OPEN_XIR SD- RQH
() '
A

()
A 7.2
w e
) S
A 4
RAN/Edge

F1, E1, E2, O1, O2
N1,N3, E2, O1, O2

p
OPEN AIR sLo RQﬁ

N1,N3, F1, E1, E2, OlagRAN

IIIIIIII

o
OPEN AIR SHO-)RAM
- :

*s5-=2~ "‘ﬂ
% s
o i

AAAAAAAA

Central Clouds

OAM, 5G RAN/Core C-Plane,
- nRT RIC, Non-RT RIC, CI/CD,
Service Orchestration,

@

Commodity Compute K8S, ) =o . ORAN «‘g S - O'RAN Experiment management
Whitebox P4 Switching/5G UPF, & _ ‘eA S ) o
Off-the-shelf O-RAN O-RU, @) \ (((K) Rm
OAl O-DU, nRT-RIC (ONF/MS5G), sz RAN A7.2 i
HW Acceleration tech. . L OPN ) XN
P L A =
— slices
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Docs / SLICES Blueprint

— slicessc
— SLICES Blueprint

This documentation describes the SLICES blueprint. Historically blueprints were used to produce unlimited numbers of accurate copies of plans. For
SLICES, the concept is taken to allow each site to reproduce software and hardware architectures on the SLICES sites and nodes. The SLICES blueprint
targets testbed owners and operators, it is not intended to be used by experimenters or testbed users. The blueprint is an way to eventually reach a
SLICES Blueprint unified architecture between sites and nodes composing SLICES and easily onboard members to fields of research that may not be their core business
and so learn about the needs and best practices to make SLICES a success.
Architecture

With the blueprint, sites are able to deploy and operate partial or full 5G networks, with simulated and/or hardware components.
Deployment setup

Bill of Materials (BOM) The blueprint is designed in a modular way such that one can either deploy it fully or only partially. For example, people only interested in 5G can only
deploy the core and use a simulated RAN while people interested only by the RAN can just deploy a RAN, assuming they have access to a core (e.g., via

SWitches the SLICE central node or another partner). Advanced users may even deploy a core and connect it with multiple RANs.
Servers
Cabling and Mech ArChlteCture
RU In this blueprint, the core and RAN are implemented with OpenAirlnterface (see https:/gitlab.eurecom.fr/oai/cn5g/oai-cn5g-fed for details) that are
G deployed in kubernetes clusters that can be remotely connected as shown in the figure below.
s
N e R <> Code (O Issues 14 1 Pullrequests 1 ® Actions [ Projects [0 wiki @ Security [~ Insights 3 Settings
Contact and Support 5G core cluster, blueprint namespace
: : [ Code SLICES / sopnode / ansible / (3
: [UDR ] [UDM ] [AUSF ] [NRF ] :
pod network | I | | | 10.244.0.0/16 £ main b +Q M dsaucez ramdisk optional
: | | ‘ : Q Goto file t
E [Database ][AMF ] [SMF ] [UPF ] f Name Last commit message
: : > [ .devcontainer
| 172.22.110.6/24 172.22.10.7/24 ; -
> [ Automation -
. ran0 ran0
Dedicated network 1722210024 > [ SONiC B collections ansible-collection
>
8 docs M files/chassis_config sopnode-z1
72.22.10.1/24 > BB edge-core
8 inventories Configuration working for UTH for setting up the |
> B intel_connectivity_research_pr...
> MM k8s B misc/ssh slow environments
0.0.10.1/24
> B oai5g M roles ramdisk optional
10.0.10.0/24 v B sopnode
[ 5gyaml support Linux rocky 9
v N > B DHCP
s ' testyaml E testi
> [ aether O 5g_testyam 5g UE testing
R l v @ ansible D Dockerfile shorter
# BG config i
GCN: > B collections D README.md apiserver_advertise_address
namespace: blueprint > [ files/chassis_config ) .
D containeryaml| support containers
core: > [ inventories
present: true > BB misc/ssh [ dummy.yaml read params
custom_files: blueprint/files
ERET EEEs blueprint/\lalues > [ roles D fabric-switch.yaml distinguish compute and switch resources
5g.yaml
D 59y [ fabric.yaml temporary workaround for #21
. P . . . [ 5g_testyaml
Assuming this file is called params.5g.yaml, then the core is deployed with the following command: oo O k8s-masteryam partial support of Linux rocky 9
[ README.md [ k8s-node.yaml partial support of Linux rocky 9
ansible-playbook -i inventories/blueprint/ 5g.yaml --extra-vars "@params.5g.yaml” o . |
container.yam [ k8s-ready.yaml cluster must be ready
[ dummyyaml
- [ network.yaml network aliases from netbox



Establishing SLICES as a transformative initiative

IEEE.org | |EEE Xplore Digital Library | IEEE Standards | IEEE Spectrum | More Sites Join IEEE | 0= Sign In

~S NETWORLD
\\:J EurROPE

Search IEEE Future Networks Join the IEEE Future Networks Community @ li u m

About WNCNCUALTCEN Education  Industy  Standards  Publications  Roadmap  Topics  Podcasts  Testbeds  Videos

General Assembly

Home ' Conferences = Future Networks Testbed i Challenges and O

Future Networks Testbed Requirements, Challnges and Opportunities CET 13th December
09:30 | Welcome, opening of the meeting Rui Aguiar $5 G p
Elections process - last call for voting + overview of C
09:40 p Uwe Herzog
membership
09:50 mmaﬁef overview of 2022 Rui Aguiar
10:05 | The SLICES ESFRI infrastructure Serge Fdida —
10:25 i The German 6G Initative Hans Schotten
e . 10:45 | Coffee Break (virtual)
— slicesni
—— 11:05 | HE programme and SNS call 1 results Peter Stuckman
11:35 i 6G IA - SNS upcoming W Colin Willcock
12:05 | The Hexa-X view on 6G networks Mikko Uusitalo
12:25 | Lunch break (also virtual)
13:25 | Overview of the different WGs Wi M.agen, Ari Poutty, Tomaso de B eyo n d 5 G ‘l a p a n
Cola, Maziar Nekovee
ONF BLOG 14:05 | The SRIA 2022 presentation Ari Poutty
I ¢ 14:25 | Steering board election announcements Uwe Herzog
Experiences Deploying the : 1 .
P it i B Open RAN Beyond 5G advanced technology
Aether Framework - SLICES o oy i B - -
: . V : ‘ - Sumom“e 7 7 7777 777 V - cy Coa 7:7 _
10:20~ OREC olicy Coalition

60min: e®
/ N\ 1§min *4) -R&D

OPEN AIR

—=— INTERFACE
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SLICES USP and partnerships

SLICES able to engage a large community
SLICES Infrastructure and open data

SLICES Academy

Stimulate cooperation with important stakeholders
e FEU: SNS program (Stream C)

e USA: NSF PAWR, ONF/Aether

e Brazil: RNP

* O-RAN NGRG

—— gslices ————————eeeeee e
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Thanks for your attention

Questions?

For more information, please contact:
Serge Fdida
serge.fdida@sorbonne-universite.fr

Follow the NetworkingChannel,

brought to you by
ESFRI SLICES, NSF PAWR and ACM Sigcomm



