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At the heart of Oulu
University’s research profile

6G Flagship program 2018-2026.
6G Flagship budget total will be 292,2M€

Academy of Finland and University of
Oulu the biggest financers.

University of Oulu’s funding 123,3M€
during 2018-2028.
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KPIs 2018 — 2022

Science

1 - 891 Peer-reviewed Publications

» 24,7% Publications in Top 10% citation
percentile

» 2,29 Field-weighted Citation Impact
(FWCI)

= 1244 (65,8%) Joint international
publications

= 1,803 Open access / self-archived
publications

73 Doctoral degrees
= 265,416 Doctoral thesis downloads

3 ERC Advanced Grants

2 Academy of Finland
Professors

Co-creation and business impact

337 Research projects, external funding
428 Company collaborators

140 Companies funding projects

221 Joint publications with companies

7,575 participants in co-creation forums

994,579 6G White Paper downloads
170,000 Vision video downloads

Societal impact

8 y 501 Social media followers

= 1,189,185 Tweet views \ | s

5,738 Articles in

independent media

309,995 6G Waves

downloads

Staff

4406 stait 20% female)
48 Nationalities (44% Finns)

32 Professors and tenures
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Overview of Flagship Phase Il

Strategic Research Areas (SRAS)

opdy
3
Wireless

connectivity
solutions

6G
technology
enablers

(1)

i 0
Device and [?lstrlbuted Sustalnablg
—_— intelligent human-centric
technologies W|rele§s serw'ces. and
computing applications

Flagship Goals

6GTN
development

6G vertical
applications

6G opinion
leadership

Impact Actions

6G-enabled -.‘"6
- -

Sustainable Society o

Strategic Vertical Areas (SVAS)

= Health

s AT
= Vehicular

= Energy

Global 6G Collaboration
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structures — 6G Test Ny % 4
Network (6GTN) uﬂu uﬂu

LTE

2027

Beyond 6G Flagship

6GTN as the core of
6G Radio Park

Training 6G experts
for industry

Influence on
6G standard

Expertise building
beyond 6G

2028 2029 2030



STRATEGIC RESEARCH AREA1
Wireless Connectivity
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SRA 1 - Structure

LEADER e SRA1 8| 12% - COORDINATOR
Prof. Matti Latva-aho ¥ Wireless Con nectivity Dr. Nurul Huda Mahmood

THEME A THEME B THEME C
Advanced Networking Technologies Wireless Broadband Access Massive Wireless Automation

LEADER
Asc. Prof. Hirley Alves

LEADER
Prof. Matti Latva-aho

LEADER
Prof. Tarik Taleb

KEYWORDS KEYWORDS KEYWORDS

« 6G Core, Telco Cloud * Modulation and coding « Resilient communications

« Edge Cloud Fabric/Continuum « Millimeter wave and I « Massive machine type \ | y 4
terahertz N/ communications u u

* Al-Synthesized Networking
«  Trust & Security * Massive MIMOtechniques? ? e Sustainable loT



STRATEGIC RESEARCH-AREA 2

Device and Circuit Technologies
and Implementations
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SRA 2 - Structure

SRA2
LEADER . 4 Devices and Circuit

Prof. Aarno Parssinen ]
Technologies

THEME A THEME B THEME C
Radio platforms Radio hardware Experiments and proofs of concept

LEADER

LEADER
DSc Tech. Marko Leinonen f

Prof. Timo Rahkonen

LEADER
Prof. Aarno Parssinen

KEYWORDS KEYWORDS KEYWORDS
» Radio platform system design « Radio-frequency integrated circuits » Proofs of concept
« Hardware architectures » Digital signal processing « Radio frequency testing
» Signal processing /\ hardware « Fabrication technologies
P S « Components, antennas,
-~ packaging and materials



STRATEGICRESEARCH AREA 3
Distributed Intelligence
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SRA 3 — Structure

LEADER £ =plf SRA3 % S % COORDINATOR
Prof. Olli Silvén Sy = Distributed Intelligence e Assoc. Prof. Miguel

Bordallo Lopez

THEME A THEME B THEME C
Computing on edge-to-cloud continuum Distributed Al Distributed Sensing and Modelling

LEADER
Prof. Janne Heikkila

LEADER
Assist. Prof.
Sumudu Samarakoon

LEADER
Research Director
Susanna Pirttikangas

KEYWORDS
KEYWORDS KEYWORDS « Coordinated sensing &
» Distributed computing » Distributed inference communication
* Dynamic node placement * Privacy-preserving Al « Multimodal 3D modeling
« Al-for-edge, edge-for-Al « Self-organizing « Data locality (( . ))

architecture
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SRA 4 - Structure

| SRA4
LEADER T Human-centric Wireless

Prof. Ari Pouttu ]
Services

COORDINATOR

’ Dr. Tuomo Hanninen

THEME A THEME B THEME C
5GTN to 6GTN Strategic Vertical Areas Sustainability and Business

LEADER
Adj. Prof. Jussi Haapola

LEADER
Olli Liinamaa

- t

iy LEADER

Dr. Marja Matinmikko-Blue ﬁ“ E

KEYWORDS KEYWORDS ’ KEYWORDS ‘

« 5G NSA, 5G SA, 6G Core » Wireless for Energy * Future 6G enabled Business

* Open and Multi Access Edge * Wireless for Health « Sustainable development
Computing . and 6G

Wireless for Industry
* Multiple RATs nu « Wireless for Vehicular * Regqulation for 6G
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SLICES-RI: 15 countries
(https://slices-ri.eu/)

Operator grade

First open test network 5G mmW trials in Olympics | e . Selection to AoF Selection to ESFRI First 6G First 6G  6G Standardization
operator network FIRI roadmap FIRI roadmap PoC devices “network” begins

(https://services.5gtn.fi/). with ETRI and Nokia

® ® o
2015 2018 2019 2020

a17e] [56 Poc] [senNr] [se+

® ® ® ®
2021 2023 2025 2026

- Ise+ 66 | e

Providing e.g. coverage, medium data rate, latency & Jitter,
zero carbon footprint solutions, RedCap Devices

5GTN

T 3GPP path Rel. 17...Rel. 20

Providing e.g. low capex with moderate performance, high opex,

SNY fi O-RAN path
NS Cloud RAN based 5G

LTE small cell

@3 5G Hz Providing e.g. 1 Tpbs, joint com&sensing, low latency and jitter,
sub-cm positioning, reflective surfaces, Sub-THz transceivers

@2.1 and 2.6 GHz : 5G Macros at 3.5GHz
5G PoC/SGNR  For|oT - NB IoT/LTE-M  5GNR @24 GHz

Disruptive 6G path



Starting the journey towards 6G ...

WRC-15 3GPP WRC-19 5@G Standard 5G Standard WRC-23 - More 5G WRC-27 - 3GPP Rel.20 on 6G WRC-317 -
Charter for 5G Rel150n 5G 3GPPRel.16 3GPPRel.17 Frequencies and discussions Charter for6G Prestandardisation 6G Frequencies
Frequancies 5G NR Frequencies for “6G” Frequencies Agenda

5G, B5G and 6G Radio Related Equipment

-4G Macro Cells @ 2.6 GHz
-4G Small Cells @ 2.6 GHz
- 4G Small Cells @ 3.5 GHz
- Standalone WiFi

-6G PoC @ < 6 GHz -5G Macro Cells @ < 6 GHz «5G-URLLC -First Radios @ (sub)THz - First pre-6G PoC - First pre-6G PoC

-5G Small Cells @ < 6 GHz -5G-mMTC @ mmw @ (sub)THz
+4G Small Cells @ < 6 GHz + 5G Small Cells @ 24-83 GHz

-5G PoC @mmW
«LSA network

+5G CloudRAN +5G-NR Standalone

- Integrated -5G NR NSA - Vertical Specific Radio Variants
WiFi -LTE-U

5G, B5G and 6G Radio Network Control Related Devices and Software
4G EPC «Virtualized MEC and first « Virtualized 4G Core with - 5G Micro Core for Local
- Virtualized 4G EPC vertical MEC services CU /DU split (Network Operations
- Open EPC's for research Slicing)
-5G Core
+ SDN based 5G Core With Vertical +5G “Core” for User Centric
Services Networks

o loTand mMTC related Devices, Connectivities and Data Platforms
9 : Sensor Devices (LoRa) + Sensor Devices (NB-loT) «Sensor Devices (5G-loT) : Sensor Devices (5G-mMTC) « Printable Sensor
T - Sensor Devices (BLE) - Sensor Devices (LTE-M) - Sensor Devices (pre 5G-mMTC) -Sensor Devices (5G-URLLC) Devices
) - Sensor Devices (UWB) . loT Backend Platform - - Sensor Devices (pre 5G-URLLC)
(o] - Sensor Devices (ZigBee) MEC based
w - Platform - Centralised - Bio-degradable PoC Wireless
prE: Ty Sensors
o
2015 2017 2019 2021 2023 2025 2027 2029



... but it’s not just technology

WRC-15 3GPP WRC-19 5G Standard 5G Standard WRC-23 - More 5G WRC-27 - 3GPP Rel.20 on 6G WRC-317-
Charter for 5G Rel 150n 5G 3GPP Rel.16 3GPPRel.17 Frequencies and discussions Charter for 6G Prestandardisation 6G Frequencies
Frequancies 5G NR Frequencies for “6G” Frequencies Agenda

Services and Verticals - Ecosystem Support

-Industry 4.0 - Wireless Reconfigurable Factory

- Transport and Logistics, Intelligent Traffic, Connected Vehicles
-eHealth and eWellbeing

+2-sided Energy Market

- Finance and Banking

- Retail

- Public Safety (Critical Communications)

- Software Based Testing

Standardisation and Regulation

- Support to 5G (eMBB) System Standardisation - Support to 5G (mMTC, URLLC) System Standardisation and - Support to Beyond 5G - Support to 6G System - Standardisation
and Initial Spectrum Regulation Further Spectrum Regulation - System Standardisation and Regulation
and Spectrum Regulation

@
E3
o
o
=

- Sharing Based Business Models: Operational and Regulatory Fr: - Support to 6G System
- Pre-Standardisation

and Regulation

Enabling Research Themes

- Dynamic TDD «Cloud RAN
-NOMA -mmW beamforming
- 5G (eMBB) waveform - Software Defined Networking

- Network Edge Al solutions towards 6G

- THz technology enablers for 6G

- Digital signal processing solutions for THz communications
- Fully Distributed Network Control

- NFV Scalability / Delay Issues

-5G (URLLC, mMTC) waveform

- Grant Free loT Access, Cell Free
Designs

- Fundamentals of 6G waveform
- Enhanced Localisation, Sensing and Imaging

diysbe|4 H9 ®

2015 2017 2019 2021 2023 2025 2027 2029



Why bother with experimental test networks?

Answer: Versatility of Vertical Requirements .{

© 6G Flagship

Examples of KPIs for verticals

Vertical Link Latency | LinkBudg Jitter Density Energy Reliability | Capacity Mobility \ =
DataRate et Efficiency - ]
e —
Industry <1 Mbps <100ms +10dB 100 ps 100/ms High 1-10+ <10 Gbps 240 km/h
mMTC
Industry <5Mbps <100 us +20dB <1us 10/ms Nominal 1-10- <100 240 km/h
eURLLC Mbps
Mobility <10 Gbps <100 us +20dB 100 ps 100/ms Nominal 1-107 1 Tbps 1200 km/h
<1Gbps <1ms +10dB 100 ps 1/me High 1-10s <10 Gbps 240 km/h
Energy <1 Mbps <500 us + 40 dB <1us 10/ms Nominal 1-10+ <100 N/A
Mbps
<1Gbps <10ms  varies N/A 1/me High 1-100: <10Gbps  Low
<1Gbps <1ms  +20dB 100 ps 1/ms Nominal 1100 <10 Gbps 240 km/h
Safety

Emergency Telecom Industry4.0
response

Auto motive Energy

1 O o

Smart cities

Agri- 100 Mbps <10ms +40 dB 100 ps 100/km: Nominal 1-10-+ 1 Gbps 240 km/h
business

How do we facilitate service pull and avoid technology push!



Versatility of Vertical Requirements

Examples of Key Performance Indicators (KPIs) for verticals*

Vertical Cost Position RF Imaging EMF values Security Coverage
Importance Resolution

Nominal

Industry
mMTC

Industry
eURLLC

Mobility
eHealth
Energy

Finance

Public Safety

Agri-business

High

Nominal

Nominal
High
Nominal
High
Nominal

High

<lcm

<lcm

<10 cm

<lcm

<1lm

<1lm

<10 cm

<10cm

Nominal
High
High
High
Low
High

(biometrics)
High

High (Precision
agriculture)

Nominal
Nominal
High
Nominal

Nominal

Nominal

Low

Low

High
High
High
High
High
High

High

< 1km

< 50m

<10 km

<500 m

<1km

<500 m

> 10 km

> 50 km

i

|

&

Smart cities Emergency

®

Media

—=

response

\l/
I]ﬂl]
Telecom

el

Auto motive Industry 4.0

@

Energy

Transition to higher frequencies and increasing role of indoor networks will boost network
sharing in cities and indoor spaces, and drive the complementary “local operator” paradigm.

© 6G Flagship



And to best support the versatility —

Three-Pronged Development Path for our test platform

Providing e.g. coverage, medium data rate, latency & litter,
zero carbon footprint solutions, RedCap Devices

3GPP path Rel. 17...Rel. 20

Providing e.g. low capex with moderate performance, high opex,
studying security, energy consumption, jitter/latency perf., stability

O-RAN/Open Source path >

Providing e.g. 1 Tpbs, joint com&sensing, low latency and jitter,
sub-cm positioning, reflective surfaces, Sub-THz transceivers

Disruptive 6G path




Thank you!
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