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Part 1: Introduction

What exactly is 6G?
When is 6G coming?
If 5G is being launched just now, why are we talking about 6G already?
Who is standardising 6G?
Will 6G be called 6G?

Evolved Packet

IMT-Advanced LTE-Advanced E-UTRAN

Core (EPC)
IMT-2020 5G New Radio (NR)  5G Core (5GC)
IMT-2030 6G ? ?

Red text indicates that the names have not been confirmed.

Evolved Packet
System (EPS)

5G System (5GS)
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Part 2: 6G Vision

NTT Docomo’s 6G Vision

5G

New combinations of _
requirements for new

Extreme requirement

ITU FG NET-2030 Vision

for specific use cases
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Figure 2-5.

Image of technological development toward 6G

Ubiquitous Intelligence

ETRI: 6G Usage Elements and Scenarios
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Source: ETRI, South Korea (/'111)

NTT Docomo 6G

Very Large Volume & Tiny Instant Communications

VIV&TIC

BBE & HPC
Beyond Best Effort and
High-Precision Communications

Ericsson’s 6G Vision

6G

New applications and services

Embedded devices everywhere

Extreme performance and coverage

Enhanced end-to-end connectivity
Network adaptability

Cognitive networks

Network compute fabric

Trustworthy systems

Source: |

Source




Part 3: 6G Use Cases & Applications

XR will impact everyone and everything

Holoportation / ‘Holographic Telepresence’

Transform how i ¢

children learn ::s;":rt;g Families Working Health and People with
o * nicatin Professionals Fitness isabiliti

and play historical sites commu 8 disabllities

Ty

B I ==
t ::‘:::’r'i'c';? s Families bought Engineers Virtual Exp_enence's that might
virtual ) ) together with life- collaborating on trainers to be impossible or unsafe
characters/immersi thr{;ugh VR . like shared design motivate for them in real life. They
ve gaming, students seeing t_h‘em n : o to impi fitness groups can run, ski, ride bikes,
using VR aids their original efficiency and climb mountains.
state

Holoportation example from movie Kingsman: The Secret Service (see )

Ericsson’s 2030 Trends: Internet of Senses

10 Hot Consumer Trends 2630
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Watch the ‘Internet of senses’ video

Source:
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Part 4: 6G Timeline

3GPP Releases Timeline Technologies Research Timeline

1999 2002 2009 2011 2016 2019 2022 2025 2029 L6651 - S 2015 220
CLC e cm@ElEma ()~ ) s )
3G
3.5G (HSDPA) Technologies

that didn’t
make it to 3G

16 e Eessssensesassensly 36 Research Started

Real 4G (LTE-A)  4.5G (LTE-A Pro) —-] i
4G Research Started make it to 4G
50 Technologies
—WSASG? 3 1 that didn't

5G Research Started make it to 56
6G |

Red text indicates dates and features are not confirmed 6G Research Started

3GPP Release Dates on

6G Timeline from Samsung Whitepaper

Tentative Timeline from 5G to B5G and 6G 8years or shorter
Vision & i
6G

Tech. Standard g goyment

Year20 | 12 13 14 15 [ 16 [ 17 | 18 | 19 20 | pal | 22 | 23 | 24 [ 25 [ 8years

. . Vision & A
@ 5G ) Traffic, Vision, Techs KPI Proposal  )Spec ) IMT-2020 Advanced 29 Tech. Standard R ployment
12 years
ITU-R IMT-2030 v & ) K ¥ )
55 4 4G Vision & Deployment 008

Tech. Standard

China MIIT, MOST
15 years

3G Tech. Standard Deployment e

[2028]

Samsung 6G Vision




Part 5: 6G Requirements

NTT Docomo 6G Requirements

~ Extreme high
data rate/capacity
* Peak data rate > 100Gbps
exploiting new spectrum bands '

= > 100x capacity for next decade
MBS U
- Extreme coverage . 5 G \
« Gbps coverage everywhere
« New coverage areas, e.g.,

sky (10000m), sea (200nM), space, etc.

Extreme high

connectivity

Extreme low | -
latency

= E2E very low latency < 1ms
= Always low latency

= Guaranteed QoS for wide range
€ases (upto 99.99999% reliability)
= Sec/ire, private, safe, resilient, ..

Extreme massive i

Extreme low -
energy & cost New combinations

« Affordable mmW,/THz NW & devices. fgf i =0

« Devices free from battery charging e

Figure 3-1. Requirements for 6G wireless technology

ETRI: 6G KPIs

Peak
Data Rate Data Rate @ 3D Anywhere

Volumetric
Areal Traffic Capacity Energy Efficiency
1 Improvement.
Gbps/m?, >50
times.

Volumetric
Connection Density Mabily
100
devicey/m? 33 @000 km/h
bps/HE
10 @01ImMs
PER
Reliabilt Vertical
ty ' 10 coverage
km
Airinterface O“.J - ¥ 10
Latency o Localization
Precision

E2E
Laténcy

+ Massive connected devices (1omam?)
+ Sensing capabilities &
high-precision positioning (cm-order)

Source: NTT Docomo 6G Whitepaper, Jan 2020

Source: ETRI, South Korea (/1)

6G Research Visions, 5G & 6G KPIs Comparison

-]

KR s s e

Peak data rate 20Gb/s 1Tb/s §

Experionced data rate 01Gbss 16b/s ®

Peak spectral efficiency 30b/s/Hz 60 b/s/Hz

Experienced speotral eficlency 03b/s/Hz 3z

Maximum bandwidth 1GHz 100GHz

Area trathc capacity 10 Mba/m 1Gb/e/m?

Connection density 10° devices/km* 107 devices/km®

Energy efficlency notspecihed 1T/

Latency 1ms 100 us

Reliabllity 110+ 110°

Jitter Actepecihed 1ps

Mobility 500 km/h 1000 km/h

Table 1: A comparison of 5G and 6G KPIs [4-6,9].

6G Research Visions: White Paper 10 on Broadband Connectivity in 6G

Comparison™® of different Technology Generations

I N T N R R
1990 2000 2010 2020 2030

Max DL Speed 473.6 Kbps 42 Mbps 3 Gbps 20 Gbps 1Tbps
(theoretical)
Avg DL Speed 50 Kbps 8 Mbps 100 Mbps 300 Mbps 1 Gbps
(pra 1)
Max UL Speed 473.6 Kbps 11.5 Mbps 1.5 Gbps 10 Gbps 10 Gbps
(theoretical)
Avg UL Speed 50 Kbps 2 Mbps 50 Mbps 100 Mbps 1 Gbps
(practical)
E2E Latency 600 ms 120 ms 30ms 10ms 1ms
(practical)
99% 99.9% 99.99% 99.999% 99.99999%
N/a Nfa 10° devices/km? 10° devices/km? 10’ devices/km?
150 km/h 300 km/h 350 km/h 500 km/h 1000 km/h

* Approximate values to show comparisons. **Subject to change when standards process starts.




Part 6: 6G Groups




Part 7: 6G Technologies

6G Network 6G Connectivity

Access Network

Fronthaul Midhaul

‘Coreless RAN’

b % ENGAd T
Ologes

)

e

6G Devices

CU /BBU

Control
Plane '
Services
L

Evolution of Packet Mobile Core

ore (5GC)

Service B; Architecture,
future proofe

Legacy 2G/3G Core 4G EPC

Not scalable for = Scalable for handling
handling large amount large amount of

of lling and data signalling and data Eeslgnesiiofly

Cloud Based Era
Separation of + Control and User
signalling and data not Plane Separation
possible introduced in R14

User plane can easily be
located at the ed|
the cloud data centre

There may be no need for a new 6G Core Network

3GPP

Access

(NG-RAN)
Untrusted
o000 OO

Generation
Core (NGC)

Trusted

YR . Non-3GPP

Access

Wireline
o000 0O

Complete Tutorial here




Part 7: 6G Technologies

List of Probable 6G Technologies

Spectrum

Spectrum Sharing

=
7]

Antenna Technologies Metamaterials

Evolution of Duplex In-band Full Duplex (IBFD)

Evolution of Network Topology Wireless Wireline Convergence

Comprehensive Al/ML Al/ML in RAN

Split Computing
High Precision Network

Communications & Sensing

Extreme Connectivity/Networking Extreme URLLC

Industrial loT Sub-Networks

Presentations on these
e topics coming soon

Fully Service Based, Cloud Native Networking and RAN-Core Convergence

Expanded integration of variable wireless technologies

Open Platforms

~




Part 8: 6G Devices

Example of Companion Devices

Source: Qualcomm

A glimpse into the future — everyday AR glasses

Bone conduction transducers

Multimode connectivity
(4G, 5G, etc.)
Directional speakers
Many passive and active cameras

with fisheye and telephoto lenses
" Optoelectronic night vision
and thermal imaging sensors
XR Headsets Electronic Skin Hearables Ambient light sensors
Patches —

Smart Watches and s dloth
Smaller i mart Clothing
i Fitness Trackers Tracking and recording cameras S
Companion | y 1 \
Phones 5 l ¥ ] - Eye tracking cameras
Inertial, haptic,
and health sensors
Multiple high sensitivity
audio microphones
03646

Wearable 360° Cameras Wearables — TESLASUIT (link)

NEXX360 FITT360 l l

Teslasuit relies on 2.4GHz Wi-Fi for connectivity today. Could it be using 5G/6G in future?

New optics and projection
technols a durable,
semitransparent display

User calibration
profiles

68

Haptic ponts

Capillary system
Haptic Animations

Haptic Library
Real-time
Simulations
Users cancreate
customanimations
with Haptic Editor
application

Weight Simulation

NEXX360 See FITT360

03646 3& 6G 03646




An Update from ITU

@ MyiTU News  Publications  Events  Membership English ~ m Q

MyITU > News > 5G: IMT-2020 update

Beyond 5G: What's next for IMT? Stay up to

5G NETWORK MANAGEMENT POLICY AND REGULATION STANDARDS speed
02/02/2021 | ITU News Subscribe to our
weekly
Newsletter!
First name Last name

z..: ,

The ITU Radiocommunication Sector (ITU-R) has recently published Recommendation ITU-R M.2150 titled Related
'‘Detailed specifications of the radio interfaces of IMT-2020".
_ Contribute to snecial



https://www.itu.int/en/myitu/News/2021/02/02/09/20/Beyond-5G-IMT-2020-update-new-Recommendation

Further Reading — Our Websites

* Free 6G Training (/ink)
* 3G4G: 6G and Beyond-5G Wireless Technology (/11k)

Not directly relevant to 6G but may be useful
 The 3G4G Blog (/ink)

* Telecoms Infrastructure Blog (/ink)

e Operator Watch Blog (link)

* Connectivity Technology Blog (!ink)

* 3G4G YouTube (link)

* Free 5G Training (/ink)



https://www.free6gtraining.com/
https://www.3g4g.co.uk/6G/
https://blog.3g4g.co.uk/
https://www.telecomsinfrastructure.com/
https://www.operatorwatch.com/
https://www.connectivity.technology/
https://www.youtube.com/3G4G5G
https://www.free5gtraining.com/

Further Reading — 6G Whitepapers

6G Research Visions:

White paper 1 on Key drivers and research challenges for 6G ubiquitous wireless

intelligence, Sep 2019 (/ink)

6G Research Visions:
6G Research Visions:
6G Research Visions:

(1nk)

6G Research Visions:
6G Research Visions:
6G Research Visions:

June 2020 (/ink)

6G Research Visions:
6G Research Visions:

(k)

6G Research Visions:
6G Research Visions:

June 2020 (/ink)

6G Research Visions:

White paper 2 on 6G Drivers and The UN SDGs, June 2020 (/ink)
White Paper 3 on Business of 6G, June 2020 (/ink)
White Paper 4 on Validation and Trials for Verticals towards 2030’s, June 2020

White Paper 5 on Connectivity for Remote Areas, June 2020 (!ink)
White Paper 6 on 6G Networking, June 2020 (link)
White Paper 7 on Machine Learning in 6G Wireless Communication Networks,

White Paper 8 on Edge Intelligence, June 2020 (/ink)
White Paper 9 on Research Challenges for Trust, Security and Privacy, June 2020

White Paper 10 on Broadband Connectivity in 6G, June 2020 (link)
White Paper 11 on Critical and Massive Machine Type Communication towards 6G,

White Paper 12 on Localization and Sensing, June 2020 (/ink)
3&6

©3G4G


http://jultika.oulu.fi/files/isbn9789526223544.pdf
http://jultika.oulu.fi/files/isbn9789526226699.pdf
http://jultika.oulu.fi/files/isbn9789526226767.pdf
http://jultika.oulu.fi/files/isbn9789526226811.pdf
http://jultika.oulu.fi/files/isbn9789526226750.pdf
http://jultika.oulu.fi/files/isbn9789526226842.pdf
http://jultika.oulu.fi/files/isbn9789526226736.pdf
http://jultika.oulu.fi/files/isbn9789526226774.pdf
http://jultika.oulu.fi/files/isbn9789526226804.pdf
http://jultika.oulu.fi/files/isbn9789526226798.pdf
http://jultika.oulu.fi/files/isbn9789526226781.pdf
http://jultika.oulu.fi/files/isbn9789526226743.pdf

Further Reading — 6G Whitepapers

* |TU FG NET-2030: Focus Group on Technologies for Network 2030 (/ink)

 5G Americas: Mobile Communications Beyond 2020 — The Evolution of 5G Towards
Next G, Dec 2020 (/ink)

* NTT Docomo white paper: 5G Evolution and 6G, January 2020 (/ink)

* University of Surrey, 6GIC — 6G Wireless: A New Strategic Vision (/ink)

* Samsung 6G Vision Whitepaper, July 2020 (/ink)

* Nokia Bell Labs: Communications in the 6G Era Whitepaper, Sep 2020 (/nk)

* Ericsson: Ever-present intelligent communication - A research outlook towards 6G,
Nov 2020 (/ink)

* University of Surrey, 6GIC — 6G Wireless: A New Strategic Vision (/ink)



https://www.itu.int/en/ITU-T/focusgroups/net2030/Pages/default.aspx
https://www.5gamericas.org/wp-content/uploads/2020/12/Future-Networks-2020-InDesign-PDF.pdf
https://www.nttdocomo.co.jp/english/binary/pdf/corporate/technology/whitepaper_6g/DOCOMO_6G_White_PaperEN_20200124.pdf
https://www.surrey.ac.uk/sites/default/files/2020-11/6g-wireless-a-new-strategic-vision-paper.pdf
https://cdn.codeground.org/nsr/downloads/researchareas/6G%20Vision.pdf
https://onestore.nokia.com/asset/207766
https://www.ericsson.com/4ab9e4/assets/local/reports-papers/white-papers/ericsson-white-paper-research-outlook-towards-6g.pdf
https://www.surrey.ac.uk/sites/default/files/2020-11/6g-wireless-a-new-strategic-vision-paper.pdf

Further Reading — 6G Research Papers

e Z.Zhang et al., "6G Wireless Networks: Vision, Requirements,
Architecture, and Key Technologies," in IEEE Vehicular Technology
Magazine, 28-41, Sept. 2019 (link)

 Virtual Reality Book by Steven M. LaValle (link)



https://ieeexplore.ieee.org/document/8766143/figures
http://lavalle.pl/vr/

Further Reading — Others

Free 6G Training: 6G Usage Elements and Scenarios (/i)

Free 6G Training: '6G Vision for 2030+' from 6th Generation Innovation Centre (6GIC)
(link)

Free 6G Training: Huawei talks about Beyond 5G, 5.5G and 6G (link)

NTT announces new R&D projects of Digital Twin Computing, Nov 2020 (/ink)

Free 6G Training: 6G may just make Teleportation a Reality (/ink)

Ericsson: 10 Hot Consumer Trends 2030 (/ink)

Enabling holographic media for future applications: Missing pieces and limitations in
networks, SIGCOMM, Aug 2019 (/ink)

Holographic Type Communication, Kiran Makhijani, Future Networks, Futurewei, Oct
2019 (/ink)



https://www.free6gtraining.com/2020/11/6g-usage-elements-and-scenarios.html
https://www.free6gtraining.com/2020/11/6g-vision-for-2030-from-6th-generation.html
https://www.free6gtraining.com/2020/11/huawei-talks-about-beyond-5g-55g-and-6g.html
https://www.ntt.co.jp/news2020/2011e/201113c.html
https://www.free6gtraining.com/2020/12/6g-may-just-make-teleportation-reality.html
https://www.ericsson.com/4ae13b/assets/local/reports-papers/consumerlab/reports/2019/10hctreport2030.pdf
https://conferences.sigcomm.org/sigcomm/2019/files/slides/workshop_neat/panel_6_1.pdf
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/2019101416/Documents/Kiran_Makhijani_v2.pdf

Thank You

To learn more, visit:

3G4G Website — https://www.3g4g.co.uk/

3G4G Blog — https://blog.3g4g.co.uk/

Telecoms Infrastructure Blog — https://www.telecomsinfrastructure.com/
Operator Watch Blog — https://www.operatorwatch.com/

Connectivity Technology Blog — https://www.connectivity.technology/
Free 5G Training — https://www.free5gtraining.com/

Free 6G Training — https://www.freebgtraining.com/

Follow us on Twitter: https://twitter.com/3g4gUK

Follow us on Facebook: https://www.facebook.com/3g4gUK/
Follow us on LinkedIn: https://www.linkedin.com/company/3g4g
Follow us on SlideShare: https://www.slideshare.net/3G4GLtd
Follow us on YouTube: https://www.youtube.com/3G4G5G
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