& IEEE

5G and 6G mobile communications

Werner Mohr
Consultant (to 6G-IA in SNS JU)

mohr werner@t-online.de




Content

Development of mobile communications from 1G to 5G
5G requirements

Vertical application domains

5G concept and frequency spectrum

Interworking with other communication systems like NTN
Drivers towards 6G

6G requirements and concept

6G outlook

vV vV v v v v VY




Evolution of Mobile Generation Technology:

1G to 5G

Source: Based on Lopa J. Vora: Evolution of Mobile Generation Technology: 1G to 5G and Review of upcoming wireless Technology 5G.
International Journal of Modern Trends in Engineering and Research (IJMTER), Volume 02, Issue 10, October — 2015,
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Analog phone calls

Mobility

e Poor spectral
efficiency
* Major security issue
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PDC

1990 — 2004
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PSTN
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» Digital phone calls
and

» Messaging

» Secure
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demand for Internet
and e-Malil

CDMA2000

2004 - 2010
2 Mbps
Digital

Packet network
CDMA
Packet
* Phonecalls
» Messaging
* Data

Better Internet
experience

* Real performance
fails to match
expectations

» Failure of WAP for
Internet access

https://pdfs.semanticscholar.org/4dfd/40cc3a386573ee861c5329ab4c6711210819.pdf.

2010 — now
1 Gbps
Digital

Internet

OFDM

All packet
All-IP service
(including voice
messages)

« Faster broadband
¢ Internet
e Lower latency

« Extensive Battery
use

* Required
complicated and
expensive
hardware

Start around 2020

Higher than 1 Gbps

WWWW (Wireless

World Wide Web)

Internet

OFDM

All packet

¢ High speed

« High capacity

* Provide large
broadcasting of
data in Gbps

« Better coverage

* No dropped calls

e Much lower latency

» Better performance




Timeline and Data Rate 2G, 3G, 4G and 5G
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Fundamental digital needs for new
human & business value creation

seemingly infinite imperceptible terascale
capacity latency things

Need: Need: Need:
100x capacity growth Millisecond latency for networks Optimize TCO for
in <10 years & new ‘human’ services a trillion things
global-local human cognitive (] | personalized
alliance operation [ 8 ]| protection
Need: Need: Need:
Massive distribution of cloud Human assistance & task Enable dynamic, contextual
infra with global federation automation @ machine scale security & trust @ terascale

Source: Nokia




Key Challenges Beyond 2020

Massive growthin
Connected Devices

Massive amount of
communicating machines

T © =7

P

Q@? 0@: &

“50 billion devices”

Massive growth in
Traffic Volume

Further expansion of mobile
broadband
Additional users and increased usage

Additional traffic due to
communicating machines

“>1000x”

Wide range of
Requirements &
Characteristics

Multi-Gbps in
specific scenarios

Hundreds of Mbps
generally available

Ultra-low latency

New requirements and
characteristics due to
communicating machines

Affordable and sustainable

Source: Ericsson




Usage scenarios for IMT-2020 and
beyond (ITU-R)

Enhanced mobile broadband

Gigabytes ina second —|_.
3D wideo. UHD screens

o Waork and play in the cloud
Smart home/building
Augmented reality

Industry autornation

Voice . —  Mission crifical apphication

Smartcity ——

Self driving car

Future IMT

Massive machine type Ultra-reliable and low latency

: - for D2D 2X - :
communications communications

Source: ITU-R: IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and beyond. Recommendation
ITU-R M.2083-0 (09/2015), hitps://www.itu.int/dms pubrec/itu-r/rec/m/B-REC-M.2083-0-201509-[IPDF-E .pdf.




Enhancement of key capabilities from
IMT-Advanced to IMT-2020 (ITU-R)

User experienced
Peak data rate data rate

(Gbit/s) (Mbit/s)

Area traffic

capacity Sp ec_trum
(Mbit/sit) 5g Ethilency,
Enhanced mobile
100+ soo broadband
Network \ 7 Mobility
energy efficiency (kuv/h)
Spectrum
Area traffic efficiency
capacity
Connection de_znsity Latency
(devices/km ) (ms)
Network

Mobility

energy efficiency
Ultra-reliable
and low latency
communications

Massive machine
type communications

Connection density Latency

M.2083-04

Source: ITU-R: IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and beyond. Recommendation
ITU-R M.2083-0 (09/2015), hitps://www.itu.int/dms pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-/IIPDF-E pdi.




Growth of data volume

153000 GB/s

\

0,00193 156 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
1992 2002 2012 2022 — Konservativ ——Moderat —— Agressiy —— Disruptiv
Growth of global data volume 1992 to 2022 Expected data volume growth in ICT
networks by 2030

Source: VDE - ITG: Kommunikations- und Informationstechnik als Weg flr eine nachhaltige Zukunft




Telco industry — the world is opening up

Value toindividuals,
society and economy

A

done

connect

GSM

Source: Nokia
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expanding
human possibilities
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Communication at
a turning point

Beyond Connectivity



Explosion of possibilities:
New performance levels of people and things

Ul
Augmented
gaming Y
Augmented
shopping

s ]
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cg‘s U dashboard

Personal

ohok Real time

B Smart
work in cloud

clothes

[:_’ @ Mobile 1|V|ng Smart
8kVideo ., watct
beamer 4k Video |
Communication VReamine

Travel &
commute

00 Real time

m cloud access

Virtual 3D
presence Health nced

Remote
A Diagnosis

Real-time
remote control

Source: Nokia

Advance
monitoring

@ Work & game

=== While traveling
Time shift

Safety & Securit
y& Securiy

@ HD Cams NW

Touch & steer

=]

Self driving

T

Assisted driving

Automotive

= =] o

Maintenance Factory

optimizatw’on® automation
Iﬂ[:&

3D printing
Tracking/ inventory
systems

Real-time
remote control

Industry 4.0

=
Traffic Mgmt.

Traffic steering &
management

home
Smart grids

Wastemgmt. (Jtility & Energy

Reliable emergency
communications




5G use case families and related examples,
NGMN view

Broadband access

Broadband access in

everywhere dense areas
50+ MBPS PERVASIVE VIDEO
EVERYWHERE

Higher user mobility

Massive Internet of
Things

HIGH SPEED TRAIN

SENSOR NETWORKS|

Extreme real-time
communications

Lifeline
communications

TACTILE INTERNET

NATURAL DISASTER

Ultra-reliable Broadcast-like
communications services
E-HEALTH SERVICES BROADCAST

SERVICES

aJ

| s
=

Source: NGMN: NGMN 5G White Paper. February 2015, htips://www.ngmn.org/uploads/media/NGMN 5G White Paper V1 0.pdi.




5G — A driver for industrial and societal changes
(5G PPP — 5G Public Private Partnership)

FACTORIES OF THE FUTURE <&@ ENERGY

@ Tme-critical procass control l"" @ Grid access
ik o
@ Non time-critical factory sutomation _ © Gnd backhaul
© Grid backbona

D Intrafintar-entamrise
communication

@ Connacted goods

@ Ulitra High Fidelity Madia
© On-sita Live Event Exparienca
© Usar/Machin o

© Cooperativ

AUTOMOTIVE -

e —
© Bird's Eye View

@ Automated driving O Digitalization of Transport and Logistics
© Share My View © Information Socisty on the road

Source: 5G Infrastructure Association: 5G Empowering vertical industries. White Paper, 2016, hiips:/50-ppp.eu/wp-
content/uploads/2016/02/BROCHURE 5PPP BAT2 PL.pdf.




The Car-2-Car Communication
Consortium applications roadmap

Vehicle-to-X Roadmap — Applications

Take-over of the
driving functions
100 + Fully Automated
+ Optimal Traffic
Merging Flow
80 aking Assistar
/ * VRU Assistance
60 Sensof Data
7
+GIRMA1E «=  100% installation of new vehicle
* In-Vehicle sales
* Connecled AC s 100% installation of new vehicle
* Overtaking' , plattforms
+ Intersection Collision }’
O w10 year ramp-up to 100%
/ installation of new vehicles
| PR “= == Installation on select new
- g w - = o = - vehicle type of luxury and upper
- e o o= o T middle class vehicles

Dissemination Cooperation

/~> CAR 2 CAR

COMMUNICATION CONSORTIUM

Source: 5G PPP, 5G Automotive Vision. October 20, 2015,
https://5g-ppp.eu/wp-content/uploads/2014/02/5G-PPP-White-Paper-on-Automotive-Vertical-Sectors.pdf.




Estimated value creation potential by 2025
of the Internet of Things

Bl Lowestimate B High estimate 3700
2025 size in $ billion, adjusted to 2015

Data source: McKinsey Global Institute,
The Internet of Things: Mapping the Value 1590 1660
Beyond the Hype, June 2075.
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Source: McKinsey Global Institute: The Internet of Things: Mapping the Value Beyond the Hype. June 2015.




5G Concept

Multiple Integrated Wireless/Access
Solutions enabling the long-term
Networked Society

Virtual/augmented reality
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High value 5G business models

» 5G early market use cases

Dense city area Highway Public transport Dedicated deploymeng
use cases use cases use cases use cases

4K/8K video
streaming VR/AR
Drones
P"I Hotspots Industry L - Hotspots
: n-vehicle H o
q:ll Truck platooning e e ome Healthcare T
re "I Irr
Tl T poge [ AT B B
m P ear N T et S

Efficient Intelligent Flexible

Source: Nokia.




Seemingly infinite capacity — Networks are
reaching physical limits

Spectrum exhaust: Low band (< 6Ghz) Availability
spectrum is nearing exhaustion LOS 300GHz

90GHz

30GHz

Form beams to incrgase S/N
10GHz=

3 GHz

10em

300 MHz

Spectral i
efficiency

(bits/sec/Hz)

Cell size
LOS/NLOS

Space
(bits/sec/Hz/M?)

Shannon limit: We are approaching
the limit of spectral efficiency

Increasing spatial density and
multiplexing are the new capacity dimensions

Move to within 100 m to scale density by 10X

Radical shift in network architecture needed to deliver required access capacity

Source: Nokia




loT connectivity technologies
Reliablility, latency, and throughput requirements

eMBB FWA
al ‘ Throughput LatencyB.  Reliability .'\‘
A~ U-high 15-200ms  Medium \

Immersive 360
Throughput LatencyB.  Reliability
UL: U-high/DL: high 50-100ms Medium/high

Throughput

LTE-A

Mabile Tele-Operation LTE-Advanced ~ CIE
: Pro phase

(Vehicle and drone)

Throughput LatencyB. Reliability
Varies 1-10ms  Very high

eMTC with massive

number of devices

Throughput LatencyB.  Reliability
. Low 10-100ms  High
Industry robotics and

automation Labane
Throughput LatencyB. Reliability Y
Varies 1-10ms  Very high URLLC

5G NR: the only radio technology to simultaneously provide high reliability & low latency

Source: Nokia




5G is a giant leap powered by a set of
new technologies

Requirements New 5G technology building blocks
SOk New spectrum Massive MIMO & Flexible air
pea'{%a?a L5 options beamforming interface

120 Mbps
Capacity e ANA
i T
Lateﬂcy <3 GHz, 3-6 GHz, cm/mmWave
Connectivity 5G .
[IE09 ueo (GRS Multi-connectivity = Cloud native & Connectionless
e network slicing communication

- - —
O Relelalliy L= 150 ‘—l
on battery

Aggregation and duplication Centralized and distributed Efficient massive loT

Source: Nokia




High level architecture:
The Future Network Architecture

A «
External Dynamm.m
data sources s“umy ecosystem
ANP, CSP, ICP,
O  Vertical apps frr‘g:em & e

Open APIs Augmented

Cognition Systems

dynamic [ELE-EUENE] dynamic multi-operator
Programmable customer Lelaiaicieil| network

federation
services timization
Network OS op /

O ﬂ \
Universal } g common
Adaptive Core R o & B i oyer mngmdg;
self-optimized access agnostic modular, decomposed
6 O coverage converged core network functions short
& capacity@ v waves
@ @ \ Smart Network Y i |m§
_ - Fabric & ong ANE
Humans . . ... Converged ——— fibers .
& Machines EdgeCloud —  \ -~ = =——_ung)))cocc
- :\ //: ®
» ~ ' - &
;1\\\ @‘\ Massive o - -ngea,e“
Scale Access softwa®

Future network: cognitive + converged + cloud-optimized network (r)evolution

Source: Nokia




Frequency ranges

» 5G is defining two basic frequency ranges for technology specification

» These are not identified frequency bands by regulators like WRC (ITU
World Radiocommunications Conference) and national/regional regulators

FR1 410 MHz — 7125 MHz
FR2 24250 MHz — 52600 MHz
FR3 under 4400 — 4800 MHz
discussion towards 7125 - 8400 MHz

WRC 2027 14.8 - 15.35 GHz

Source: 3GPP TS 38.101-1 and 38.104




Global snapshot of 5G spectrum

Around the world, these bands have been allocated or targeted

New 5G band

<+— Licensed
<— Unlicensed/shared

<«—>Existing band

<1GHz 3GHz 4GHz 5GHz 24-28GHz 37-40GHz 64-71GHz
dE  600MHz (2x35MHz)  2.5GHz (LTE B41) | 3.5GHz (150MHz) 5.97.1GHz 27.5-28.35GHz g;gzggﬂi 64-71GHz
— — - - — < l. > <> —
37-37.6GH
() 600MHz (2x35MHz) 3.5GHz (150MHz) 5.97.1GHz 27.5-28.35GHz 6 40GH: 64-71GHz
. 700MHz 3.4-3.8GHz 5.9-6.4GHz 24.5-27.5GHz
R LRI 2 —p —p <
=L 3.4-3.8GHz 26GHz, 28GHz
< «—> «-->
B 34-3.7GHz 26GHz, 28GHz
<~ -
‘ ' 3.46-3.8GHz 26GHz
— «-->
‘ ' 3.6:3.8GHz
—>
a 3.3-3.6GHz 4.8 -5GHz 24.5-27.5GHz 37.5-42.5GHz
> <> — >
‘o 3.4-3.7GHz 26.5-29.5GHz
b/ > >
) 364.2GHz = 4.4-4.9GHz 27.5-29.5GHz
< > < ' >
ﬁ 3.4-3.7GHz 28GHz 39GHz
<> “«--5 “«--5

Source: Nokia




NTN (Non-Terrestrial Networks) in 5G
General connectivity overview

Figure 2: General connectivity overview of non-terrestrial networks

S
—
’-—_ ------------------ .
- "
GEO = R O ——
e I e e
- = o —_—
- S ! = -~a
------ I -
e - o e P L e L L LT 1
N,
= SR ==L 177 LIS
; —_—— .
~ - —
" —
=
-
\
\

i
5 2o
Service tHlink
1

MEQO ~ -
—————— % . = 7
LEO % i HAPS _.."‘ ,." -
ol Ak :
; '." v e %
UAV flight control H ‘-“

x
o
B #
Air e ground
. e
o
.

-
-
-
-

NTN backhaul =
Terrestrial network components
. +t————¢ ¢ +—o
Remote area Rural area Urban area Rural area

Source: Rohde & Schwarz: 5G NTN Takes Flight: Technical Overview of 5G Non-Terrestrial Networks. July 2022.




Megatrends are changing the world,

and the ways we connect with it

G @ @ L N %

Network,
compute
& storage

Broadband
everywhere,
distributed
cloud, near
infinite storage

Source: Nokia

Internet
of Things

Connectivity for
a trillion things

Augmented
intelligence

Human assistance
and task
automation at
machine scale

Human
& machine
interaction

Virtual and
augmented
reality,
reshaping how
we interact with

Social & trust
economics

Sharing economy
and digital

currencies making

trust and security
essential

Digitalization
& ecosystems

Digitalization of
services,
operations,
network and
supply chain




Extended reality spans VR, AR and MR

» Animmersive, persistent, pervasive, interconnected virtual 3D world
» shaped by extended reality applications
» where many people can gather to work, shop, play, and socialize

Augmented Reality

AR is one such variant,

where digital information is overlaid on
images of reality viewed through a device

Augmented reality

Physical world overlaid
with digital elements

XR —

Virtual reality Mixed reality
Virtual Rea"ty Fully-immersive Digital elements interact Mixed Rea"ty

. . digital envirol it ith physical world . .
Users are totally immersed in a SO PR MR includes all variants
simulated digital environment or where virtual and real
a digital replica of reality environments are mixed

Source: Pair, J. and A. RéBler: The Metaverse and Extended Reality — Introductory overview, 5G to 6G aspects, use case testing. Rohde & Schwarz
White paper, Version 01.00, September 2024.
Webinar The Metaverse and Extended Reality. February 2024.
https://www.nokia.com/metaverse/industrial-metaverse/the-metaverse-at-work-research/
https://www.nokia.com/sites/default/files/2023-02/potential-of-the-industrial-metaverse-market.png




Different types of the Metaverse

The industrial metaverse leads growth projections

Industry is where the metaverse may reach its greatest potential

Consumer metaverse Enterprise metaverse Industrial metaverse
Virtual spaces revenue (global) Immersive collaboration and related cloud Digital twin and simulation and industrial
revenue (global) extended reality revenue (global)

/
yd
pd @ -
2021 2024 2027 2030 2021 2024 2027 2030 2021 2024 2027 2030

US$ billions
USS billions

©w

=
2
=
“>r
%]
>

» Consumer appeal driven » Business value driven » Operational results driven

» Reliant on trends and network effect » Solution and device innovation » Industrial automation focus

» Fragmented monetization, with growth » Good monetization potential, with growth » High monetization potential, with
from 2026 from 2025 early traction

Image Source: Nokia, “Powering the Industrial Metaverse” [4] and ABI Research, "Evaluation of the Enterprise Metaverse Opportunity, Third Quarter 2022 [5]

Source: Pair, J. and A. RéBler: The Metaverse and Extended Reality — Introductory overview, 5G to 6G aspects, use case testing.
Rohde & Schwarz White paper, Version 01.00, September 2024.
Webinar The Metaverse and Extended Reality. February 2024.
https://www.nokia.com/metaverse/industrial-metaverse/the-metaverse-at-work-research/
https://www.nokia.com/sites/default/files/2023-02/potential-of-the-industrial-metaverse-market.png




Role of 5G and 6G to unlock the full
potential of the Metaverse

» High data rates, low latency
» Device form factor for consumer applications: small, lightweight, even fashionable; low power consumption

» Optimized edge processing and split rendering architectures to effectively handle Motion-to- Render-to-Photon
latency (M2R2P)

» Future: delay-aware schedulers in 6G networks

~ 200 to 5000 Mbps

3D 6-DoF
8k/90 — 120 fps
HDR-next video

~ 50 to 200 Mbps User experienced latency

3D 360°
8k/30 fps
HDR10 video

User experienced
data rates

~ 10 to 50 Mbps

360°
4k/30 fps
HD video

Source: Rohde & Schwarz: Webinar The Metaverse and Extended Reality.
February 2024.



The new 6G requirements

Throughput &
Capacity

Device > 100 Gbps Latt_anc_y_ &
5 Gbps @edge Reliability

Zero Energy

Sub-network (~10) [ 0.1ms
Intuitive interfaces Nine 9s
Adaptability Response Scale & Flexibility
time Global coverage
1 sec 10 Million devices/Km?
Zero touch Platform & services approach

Precision & Accuracy Note: Extreme attributes of performance may apply
Cm to specialized sub-networks only and all the
< 1% Missed detection/False Alarm requirements may not be achieved simultaneously.

Source: Nokia.




Usage Scenarios IMT 2030 Framework

Usage scenarios

6 Usage scenarios
Extension from IMT-2020 (5G)

ﬁf;&%e - 0'.9 ¥ . eMBB =+ |mMmMmersive communication
' Somesiuties L4 | MMTC = Massive Communication
Integrated Sensing / \ Aland S URLLC == HRLLC (Hyper Reliable & Low-Latency Communication)
and Communication
l'.ammunicatian
mm New
Ubiquitous Connectivity
Massive Hyper Reliable Al and Communication
Communication and Low-Latency " " .
g \ / Communication & Integrated Sensing and Communication
- & =
X iquitous - verarching aspects:
?%% cl:m:m y 40 hing aspect
% ‘§ act as design principles commonly applicable to all usage scenarios
“ﬁ‘gi, «,at“‘& Sustainability, Connecting the unconnected,
e Ubiquitous intelligence, Security/resilience

So called “Wheel diagram”
Source: Document 5/131 and edited in 5G 5

Source. ITU-R: The ITU-R Framework for IMT-2030, July 2023 WP 5D Management Team, htips:/www.itu.int/en/ITU-R/study-
groups/rsg5/rwp5d/imt-2030/Documents/IMT-2030 Framework. WP 5D Management Team.pdf.

R. Liu, et.al.: Beginning of the journey toward 6G: Vision and Framework. IEEE Communications Magazine, October 2023, pp. 8.




New and enhanced capabilities of IMT-2030

IMT-2030 as important
enabler for the following

characteristics:
* Inclusivity
+ Ubiquitous connectivity
+ Sustainability
* Innovation
» Enhanced security, privacy
Positioning accuracy and reS|I|9nc§
Indoor Factory — ISAC  0.75 m « Standardization and
Urban Macro —ISAC~ 6m interoperability

Status in ITU-R WP5D
in February 2026

Capabilities of IMT-2030
il otplepncoatebsionsosmotoy

ahilities of My
N caPb ..aqi
(7]

Sensing-related requirements

+ Detection probability 95 %
False alarm probability 5%
Horizontal localization accuracy

Indoor Factory — ISAC 2m * Interworking
Urban Macro - ISAC 5m

Vertical localization accuracy

Urban Macro - ISAC 8m

Theoretical downlink peak data rate: 36 Gbit/s

Velocity accuracy Theoretical uplink peak data rate: 18 Gbit/s

Indoor Factory —ISAC 2 m/s
Urban Macro — ISAC 4m/s

5th percentile user data rate downlink (Dense Urban-IC): 300 Mbit/s

Reliability: 1-10'° 5th percentile user data rate uplink (Dense Urban-IC): 50 Mbit/s

User plane latency:
4 ms for IC
1 ms for HRLLC

Downlink peak spectral efficiency is 60 bit/s/Hz.
Uplink peak spectral efficiency is 30 bit/s/Hz.
Average spectral efficiency and 5th percentile
user spectral efficiency significantly lower

Mobility
Stationary: 0 km/h
Pedestrian 0-10 km/h Area traffic capacity for Indoor
Vehicular: 10-120 km/h Connection density: Hotspot-IC in downlink: 40 Mbit/s/m?
High speed vehicular:120-500 km/h 10¢ devices per km?

Source. ITU-R: The ITU-R Framework for IMT-2030, July 2023 WP 5D Management Team, htips:/www.itu.int/en/ITU-R/study-
groups/rsg5/rwp5d/imt-2030/Documents/IMT-2030 Framework. WP 5D Management Team.pdf.

R. Liu, et.al.: Beginning of the journey toward 6G: Vision and Framework. IEEE Communications Magazine, October 2023, pp. 8.



6G approach

6G is framed by digital-physical fusion & human augmentation

Software system

Digital
World
010110

101100
010111

Digital-Physical Fusion

- o Dynamic, network-connected representations of
N kS D real-world things in the digital world

o Allows the physical world to be replicated, simulated and
Digital- Human Lo . .
Physical Fusion Augmentation automated within the digital world - opening doors to a wealth
of new possibilities for human benefit.
Human Augmentation

M Extensions that enable people to interact with
Q and within the digital world

Evolves the digital world from being a source of two-dimensional
experiences and information, to a focal point of immersive and
productive interaction

4=~
b -

/"

Physical
World

N

Hardware system Wetware system

3 © 2024 Nokia ‘ VDE ITG Workshop: Antennenkonzepte fiir 3D Netze der Zukunft I\O ( I A

Source: Nokia



a sensor

onvergence &
on

Source: Nokia.
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Combination of different networks including
NTN use cases

Global coverage for search and rescue » NTN as backup for disaster relief
Maritime coverage » Global loT coverage for full range of loT devices
Consumer handheld connectivity in remote areas »  Solving the digital divide
NTN for connectivity in high mobility

Network of Networks

>
>
>
>

 Efficiency from
» GEO

S complementary usage
advantage
I 2 M0 « Fit each service (with different
R requirements) to suitable
< WLEOZ I networks
\ / « “Route” optimization of users
/ HAPS (load balancing)
7 / * Resilience

« Decrease of CO2 by turning of
TN network and serving users
from space at times of low
load

b

Terrestrial
Network

Source: Nokia

NO<IA




Lay the foundation for the networks of 2030

Instruments of collaborative research and funding

2016 2018 2020 2022 2024 2026 zozs 2030

Initial 5G 5G evolution
6G Trials and Pilots
. . 6G systematisation research .
6G structuring and framing projects 6G technical
standardisation 6G evolution
Research on 6G technology components
6G requiremen ts

HORIZ" #2020 |

|

Source: Nokia.




International Roadmap towards 6G

6G success depends on a global unified approach
Different regulatory, innovation, standardization timelines to be brought in harmony

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

IMT-2030 Spec

Requirements, evaluation cr. Proposals

Regulatory

on New Hands worlishop  New|Bands

—
EU SNS JU Ph1 - Hexa-X-II .

US e.g. Next G Alliance
I N

5G eMBB and URLLC 5G-Advanced

Innovation

6G pre-standards  6G regs. 6G study 6G specs specs v2
consensus building

R20 and R21

arch study pecs

RAN req. SI

RAN tech S|
RAN R20

c
.2
=)

]
&z
gel

—

]
o

c

]
et
(%]

RAN R16 RAN R17 RAN R18 ] RAN R23
[] 1
2019 2020 2021 2022 2024 12025 2026 ¥ 2027 2028 | 2030

*
3GPP 6G workshop Rel-21 package, First 3GPP 6G | | Commercial 66
_ Zukumg(3/2025 6G content decision specs 12/2028 deployment NO ( I s

21 © 2024 Nokia ‘ VDE ITG Workshop: Antennenkonzeptefi3

Source: Nokia




