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Vision for 2030

Our society is data-driven,
enabled by near-instant,

unlimited wireless connect|V|ty e i

6G will emerge around 2030 to satisfy the -
expectations not met with 5G, as well as, the new ones .
fusing Al inspired applications in every field of society
with ubiquitous wireless connectivity.



https://youtu.be/T6ubRoZCeVw

SG% World’s First 6G Research Program
' v Wireless Connectivity

Ultra-reliable low-latency communications vs. 1 Tbps

6G Enabled Wireless o
Smart Society & Ecosystem ST Enabling Unmanned Processes

National Flagship for 2018-2026 Nigone Devices & Circuits
Volume 251 M€ N - THz communications materials & circuits
Operated by University of Oulu NAL - Enabling Unlimited Connectivity
Collaboration with Nokia, VTT, Aalto R

University, BusinessOulu, OUAS. Distributed Computing

. Mobile edge intelligence

6G Flagship General Goals: = * Enabling Time Critical & Trusted Apps

- Introduction of 5G to markets via innovative

vertical solutions g Services & Applications

Multidisciplinary research accross verticals

Develop fundamental 6G technologies | -
Speed up digitalization of society ‘ ; e i Enabling Disruptive Value Networks




Numbers & Collaboration 606
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SG% Value Chains Reformed Every 20-Years

Wireless connectivity is driving major societal changes:

1G - 2G 3G - 4G l'lNhEFilil\E&S 5G and beyond
©
1980s - 2000s — 2020s Billions of Mobile —2040s Trillions of
Millions of voice users Broadband users connected objects & intelligence

Appllcatlons range explodes and new value chains emerge:
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Logistics Retail Agriculture Industry 4.0 Health Energy Automotive

5G will be succesfull once the value chains related to key verticals are
throughly understood driving evolution towards new business ecosystems.



Critical Drivers Towards 6G

Digital inclusion via global coverage
Connectivity is key to satisfy UN SDGs and needs of digital societies; current terrestrial technologies with evolutionary features
need to be complemented by specific remote areas solutions including satellite.

New ecosystems and disruptive business models
Digital societies and emergence of new verticals create new ecosystems and disrupts current business models requiring field
specific regulation changes; ownership of customers and networks changes.

Data privacy and security
Expansion of verticals with new stake holders and emergence of large number of new players providing different network
elements, critical applications and operating different parts of networks sets new privacy & security requirements.

Super efficient connectivity at high spectrum bands
Extreme speeds, reliability, low latency and localization/sensing accuracy can be achieved only locally in rather short-range
networks utilizing existing frequency bands and the new ones above 100GHz.

Smart Al enabled networks and applications
Networks and applications become intelligent, self-learning and context dependent; edge intelligence is the key technical
enabler and challenges/complements centralized cloud solutions.

Global collaboration and standards

6G coalitions forming in a new geopolitical landscape; a new standard is introduced after every 10-years — business reshaped
in 20-year cycles; spectrum regulation principles changing ~25++ year cycles.



6G Playground
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All these aspects are considered in
12 White Papers produced by 250
leading experts from 100 organizations:


https://www.6gchannel.com/6g-white-papers/
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2015 6GTN Roadmapping - Technology

4G Outdoor:
B1/2100, B7/2600

4G indoor: B7/2600, B42/3500

Standalone WiFi, LoRa

Live with 4G vEPC

4G broadband
OpenEPC for research
Centralized 10T backend

4G smartphones &
routers

Wireless IOT Sensor
(BT, WiFi, ZigBee, UWB,
LoRa)

5G PoC <6GHz 5G Outdoor 5G Indoor - n78/3.5GHz
mmW n78/3.5GHz 5G Outdoor — n40/2.3 GHz,

5G PoC @

IOT: NB-IOT, CAT-M1
5G NSA

MEC

Carrier aggregation
Local IOT backend
platform

Sensors (NB-
IOT, LTE-M)
Tracking devices

LSA network
Integrated WiFi
4G IOT B28/700

NextEPC / SA

Vertical services on MEC

4G Slicing via APNs

RAN Sharing

Distributed EPC with local
breakout

Asset tracking / navigating
service

5G NSA Smartphones, routers,
modems / <6GHz

5G integrated 360 camera
Sensors with eSIM

5G integrated drone

mmw
CloudRAN
5G indoor - mmW

5G SA

Network mgmt

Slice orchestration
Network planning tools
eSIM mgmt tools

5G+4G carrier aggregation

5G SA Smartphones & modems /
<6GHz

5G NSA mmW Devices
5G-Connectd vehicles

5G integrated LED-MESH foil

Sub THz research infra
5G outdoor mmWave on light
poles

Sub THz 6G Radio
prototypes

6G waveform mmW 6G prototypes

demos

SDN enabled network
CloudRAN deployment
URLLC introduction

MMTC introduction

5G Integrated indoor
positioning

Campus-wide mobile service

URLLC devices

5G-IOT sensors

5G VR, 5G Holograms
5G SA mmW devices
mmWave 6G prototypes

User-centric
Nwk tailoring

Vertical
specific
nwk

tailoring

Printable Sensors
Biodegradable Sensor
prototypes

6G terminals

Sub-THz 6G prototypes




2015 6GTN Roadmapping - Research

Support to URLLC, mMTC stardards and spectrum regulation

Support to initial 5G standardization Shared License Access B5G and 6G standardization contribution

experimentation

Initial spectrum regulation Business analysis for Vertical specific

Sharing based business models Operational and Regulatory framework network deployments
Support for Micro/local operator business model analysis and regulation

Network Edge Al solution towards 6G
Dynamic TDD NOMA 5G (eMBB) Waveform THz technology enablers for 6G -
Digital Signal processing solutions for THz communication
Fully Distributed Network Control
Fundamentals of 6G Waveform, 6G radio prototypes
mmW Beamforming Enhanced Localization, Sensing and Imaging
CloudRAN
SW Defined networking , Network security, NFV performance and
scalability ,
5G URLLC, mMTC waveforms
Grant-free |IOT access, Cell-free designs
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Versatility of Vertical Requirements

Examples of Key Performance Indicators (KPIs) for verticals*

Reliability | Capacity Mobility

Jitter Density

Energy
Efficiency

|

£ I

Vertical Link Latency Link
DataRate Budget
Industry <1 Mbps < 100ms +10dB
mMTC
LIRS < 5 Mbps <100 ps + 20 dB
URLLC
\WelollliA8 <10 Gbps < 100 ps +20dB
eHealth < 1 Gbps <1lms + 10 dB
Energy <1 Mbps <500 us + 40 dB
Finance <1 Gbps <10 ms varies
Public <1 Gbps <1lms +20dB
Safety
Agri- 100 Mbps <10 ms + 40 dB
business

*Vertical ~ Business area
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240 km/h Smartcities Emergency
response
240 km/h \l/
1200 km/h @ ﬂ
240 km/h Media Telecom
M —~
Low .
Auto motive Industry 4.0
240 km/h © 6G Flagship
240 km/h Q

Energy


https://www.6gchannel.com/items/6g-white-paper-validation-trials
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