


Services to evolve from 5@, to 5G Advanced and 6G
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Key service categories driving the 6G development @ 2030
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2. NextG eMBB

~ 100% heterogenous DL/UL capacity & coverage,
still heavy DL traffic but more UL expected

1. Universal Internet
~ 100% coverage everywhere in the world
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3. Dependable real-time
Digital twin Communications
prelierices 100% availability in the designated
Health care ¢ 3ing Holographi service area, almost symmetric,
. i i deterministic, and/or very low latency,
4. Network sensing Mixed co-design Edge Cloud can also be a high bitrate ...
Positioning, radar, doppler, timing ... TSN . offload Industrial campuses, transport
Automatic (human) security/public safety Factory Automation/IlOT corridors, enterprises, homes ...
5. Proximity Connectivit
Reliable V2V, R2R, off-loading, emergP 6. Short range URC
Autonomous V2X , proximity social networks ... Ultra-reliable and automatic networking for Body Area networks,
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6G technologies landscape

Nokia perspective

4

EuCNC 2022

New spectrum
technologies

Security
and trust
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Cognitive, automated
and specialized @DOS

architectures
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connectivity
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a sensor
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5G-Advanced and 6G spectrum options ’d
Q

Sub-THz

6G

6G Peak capacity layers and

o . D-band (130-174.8 GHz)
high precision sensing Densification,

W-band (92-114.25 GHz)

mmWave

Efficient design

Localized high 57-71 GHz (unlicensed)

capacity & FWA
24-52 GHz (licensed)
6G capacity
expansion layer 5G-Advanced, 6G 7-20 GHz
Next-Gen Mid band (shared)

Basic capacity layers, Massive MIMO
NTN & URLLC

5G, 6G

4G, 5G, refarmi .6 GHz (licensed/shared)
Low band
Basic coverage & IoT 46 56 refarming to 6G " : ; z (license
6G coverage
expansion layer I £s <1.5 GHz (licensed/shared)

6G M 5G 4G‘

"
&

>100GHz

~10GHz

<1GHz
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NOKIA
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Low-cost/Low-power Radios/Arrays

Scale to very large arrays

XX
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XXX XX XX XX XX XX XX

XXX XXX XX XX XX XX XX
the existing 3.5 GHz mMIMO antennas

1024 radiator size (7 GHz) is similar to

100 MHz, 200, 400 MHz,...

71 cm

XIXIXIXIXIXIXIX

256 radiator size @ 3.5 GHz

100 MHz, 160 MHz,...

XXX XXX XX
XX XX XX XX
XIXIXIXIXIXIXIX

XX XX XXX X
XIXIXIXIXIX XX
XX XX XXX (X
XIXIXIXIX XXX

XX XXX XX

Multi-band, large bandwidth, waveform agnostic
EUCNC 2022

Increase spatial multiplexing efficiency
Beamforming and coupling to lower bands

Flexible Radios/Arrays

Advanced Signal Processing Platforms &
Coverage solutions

Algorithms
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Sub-THz air interface for highest peak data rates
Efficiently providing ultra high bandwidth under challenging conditions
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Ultra-high data rates

Future applications requiring
up to and beyond 100 Gbit/s

Advanced HW components

World’s first D-Band
Phased-Array-on-Glass

New PHY layer for sub-THz

Low PAPR High gain
waveforms| |antenna arrays

hybrid architectures

Advanced beam
forming for
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Roadmap to optimized 6G Al native air interface g;ﬁ

Transmitter

Channel
Esti-
mation

5G

The classical architecture

Encoding izl

Mapping

5G-Advanced

ML ML ML ML ML ML replaces/enhances individual
processing blocks

P LT i 5G-Advanced
ML | Deep RX i ML ML replaces multiple processing
: L Tm===-=--=- T blocks
I ! !
1 ! !
" " 6G
Deep TX Deep RX

ML designs part of the PHY itself
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6G network (&device) with a 6th sense

Simultaneous communication and sensing

*  Waveform multiplexing

Robot

. localization
*  Resource allocation

Localization
and sensing
for Healthcare

* Beam sweeping THz imaging ()

* (Sl based sensing

Comm. As

» High precision localization in NLOS radar

Imaging
beyond
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oG extreme connectivity
The end-point is a network for life-critical communication
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6G architecture themes

Het-Cloud New RAN-Core functionality Cognitive Networking AUter%agicihl\gi?;%iﬁent

Data and.lnformation Bieep Sliding oG SUbnetworks e / Col e
Architecture
O

55 —
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Multi-stakeholder supply chain &

run time environment

0G security and trust
Mitigate the exploding threat surface

Mix of open source and
multi-vendor SW, complexity
|
Het-Cloud
/ (public, private, \
hybrid, disltributed)

Open Interfaces
& disaggregation

Millions of
sub-networks

»

Billions of o~

endpoints

’ Zero trust
12 EuCNC 2022
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Trusted Execution and systems integrity

Technology enablers

Secure Al/ML Operations

Authentication at scale

Security monitoring
and Audit

Data Privacy

Ultra-fine grain Threat Security Responses

Quantum safe systems
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Energy efficient design and deployment is key for 6G

i

Data traffic boom Double digit annual growth in
continues energy costs and CO, emissions

How to support x20 traffic increase @ /2 Energy ?
* Technology

* Features

* Deployment
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Brand value
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Green Finance

Mobile Network Operators increasingly setting
long term sustainability targets to reduce CO,
emissions *

Financing sector prioritizes investments for
businesses reducing CO, emissions **

* http://sciencebasedtargets.org/
** https://www.nordea.com
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