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@ FENESEZE [IMT.Vision for 2030 and beyond]lCEIIFTEFENXE -

® AHNFE(ISO, IOWN Global Forum, Spark NZ, #%[E
HA . WWRF, NGMN(¥#), Ericsson et al.,

=& L= (TEMP/494),

A

E

Use casezoff-line TiHimL . i 22 X

> WGERRIRE (FHRINETREL WD,

. ATIS NGA,
. One6G Association)

uﬁﬁd)*ﬁﬁ@& tL/T:o

> SWGEERRK IS © - “Usage Scenario” in §2 & ”"framework” (CDWTER D& WA R,

TEkEBEAME - - - usecasein §2/usage scenarioin §4



@ HENESEZ [IMT.Vision for 2030 and beyond]lCEIF{EEXE | 4

2. Trends of IMT for 2030 and beyond
— SWGiEER  kIelikecirsT
[ 2E TR INLTCWAHusecaser AL NT MNMIEEDAT-DHDIODDOR
option 1 : M,2083 & [FlfEIZuse caseZ 7l 7 ¢ A F ZFCh 9. use scenario diagram & L CHEZUX T,
option 2 : 2use caseZ >V 5 < M. usage scenario diagram & L CTHEEECX ¢,
“use casesZ AJHE/R RV B.< LA — Mb (BA01EZECEAL., #41Fr G HR b, #425:110) &
B, EEAREBRE T X,

option 3 : 4T Duse casex AnnexDAttachment!Zitil, use caseZ 777>V 5 < ok

2.1 User and application trends

MXWG GENZRRES : BiR15X—U b Duse caseDFER Z2X—T TE L O AIRFETF XED2 N7 ME

X7 :  user scenariolIFraca MITICFRIE S D &,
BAT 7T MMIEHE, 6GIZXLTHRILEA T VT LETFRT NE, ORI A IR E A THE,
Use scenario® #i[X] &, .85

XHUAWEI : use case & user application trend DiEV & XAl 3 &




@ HENEEZ [IMT.Vision for 2030 and beyond]lcRIF {FEXE

3. Evolution and role of IMT

3.1 How IMT has evolved =+ + « =« - R EIREREAR
3.2 Role of IMT for 2030 and beyond
3.2.1 Societal consideration for IMT for 2030 and beyond

O (T-Mobile) tHaMRF %45 A ARED T A 77 %% F, (Samsung) R & R~ X,
s BIZa R MESNTENEDRE
- TAFI : societal consideration|Z DWW TAREIZKM I 72 WE OERND 5,
@ VisionCEITHANICK D ~&E, AARFRFATRV, 2Bl voTH WIH, 77 U D5, FRkx 2l
»d % (NDR, fii 1),
OO0 1 7 (ArastehfX) : ITU-T SG137% 5 D F72 D s HS <A MR &2 kB AT,
i DITUFFIUZ BN T, GEDNED LD IR Z R D0y, FReTd 2 2 & DB,

4 [Usage scenarios] of IMT for 2030 and beyond
IR F M Usage scenario CWL W AY, HIBERFML. BARELHARE, DEHHE (IMT-202003788 % =)
Key & U THRiH 7 D52 3dah 3 &,
KPHUZBERT B DT, usage/= T TIEEBRA LY,
Usage scenariolCEH L. IMT-2020&L 2745 FXIBAVWVWE T EHER Y, BOEE T, ABmENIEL L
BRIRT 5 £ 512, BYRRKRIRZHBRET, B LWVHAGEE BEL
ScenarioMEFXRICDOWVWTEHEERNLE, thOHIT. #H# Tl ”application” & £,
& SWGEENARZEICKHTHIEE NSV =D, &7 124 LEisliZdeEkv iz L,



@ HENEEZ [IMT.Vision for 2030 and beyond]lcRIF {FEXE

5. Capabilities of IMT for 2030 and beyond (1)
Proposed capabilities as of WP5D #39 Oct 2021
i Korea |T-Mobile| IAFI | SparkNZ | WWREF | China [IOWN GF
Capabilities M.1645 | M.2083 | | 14 783)| (631) |(638)| (775) | (822) | (867)| (771)
1 Peak data rate O O 0] @]
2 User experienced data rate O 0] O
3 Spectrum efficiency O 0]
4 Latency O O
5 Reliability @) 0
6 Mobility @) 0 @) 0
7 Connection density O O 0]
8 Sustainability 0]
9 Portability of applications across devices 0]
10 Coverage 0] O O
11 End to end latency 0]
12 User plane latency @)
13 Control plane latency @]
14 Positioning @) O
15 Area traffic capacity O @)
16 Energy efficiency @] 0] @]
17 Sensing resolution O
18 Localization accuracy @]
19 Trustworthiness O]
20 Availability 0
21 Al-related capabilities O
22 Sensing-related capabilities O
23 Support for a ubiquitous intelligent mobile society O O
24 Movement speed of mobile terminals O O
Spectrum and bandwidth flexibility O
Reliability 0
Other —
capabilities Resnlence_ S
Security and privacy O
Operational lifetime O

[1Latency ¥ L U*Sensingl

-
-
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@ HENEEZ [IMT.Vision for 2030 and beyond]lcRIF {FEXE

5. Capabilities of IMT for 2030 and beyond (2 )

- 4 72 Vision|IHHR B TE L LNFICHE, NI 7 +— 0 28T, BEo TV DAk,
HHER, < O OOEFERFEMCE O, KRFRTE., LEZR5)1HEE L Ccapabilities™ H %
RO THE LY,

Vision|ZFEFIZIAV, R TORRERMEAR - RIEZIEX D52 &, FEhiiT 5 Z LIZIRB 720,
TEMPXCETH &I, dmma S AV —RFNL2WE D, BB OWTHEICHEFT XX,

6. [Framework] and objectives
6.1 Relationship - - - {JORfR
= (VAT LMY AT A L [IMT for 2030 and beyond] D% T, IMT-2030 DAL iE D1 & 5 Wik
ZNZE L TOHBKIBIZOW TR S D & H o L B,
6.2 Timelines = - - - - RIFIEEIT AT 2 W15

[5 min brainstorming]
[0 SWGiEE : 5 23 DUse caseDiEH )5 Option 1-3
0 WGERk [ BHEVF—FHEHET, ~v~—T v, FTbeyIBROLVA—FRH T,
Z DR E 9 VisionlZEE W IAD 57y, (B M.2083 Tik, SWG TR S /=i
FZb w7 LAR— FNROEREIR LR — E0HE&OSHOEFRNVISIONEIHFIZEA LT, )
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Considerations for future works
- ITU-R WP5D #39 (October 2021) -

Chair of SWG VISION

Hyounglin CHOI (KOR, hj686.choi@Samsung.com)
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I Usage Scenarios

® Triangle diagram for IMT-2020: @ New figure for IMT-[2030]
eMBB, URLLC and mMTC

Enhanced mobile broadband

Gigabytes in a second _I_. P

3D video, UHD screens .
o Work and play in the cloud
Smart home/building ‘

Usage scenarios again ?

Or new terminology ?

Augmented reality
; Industry automation
\oice . ’ Mission critical application What kind of diagram?

Smartcity — Self driving car
Inputs are encouraged!
Massive machine type Ultra-reliable and low latency
communications communications

M.2083-02

Samsung Research



I How many Capabilities would be needed?

o Recommendation ITU-R M.1645 (Vision for IMT-Advanced)
¢ Recommendation ITU-R M.2083 (Vision for IMT-2020)

Rec. ITU-R M.1645 Rec. ITU-R M.2083 IMT-[2030]

Peak useful data rate Peak data rate
Mobility User experienced data rate I P
Latency
)
Mobility

Connection density -
How many capabilities:

Energy efficiency Which items?
Spectrum efficiency d!

encouragea:
Area traffic capacity \nPUtS are



Diagram for Capabilities

@ Van-Diagram for IMT-Advanced @ Spider web-diagram for IMT-2020

Systems beyond IMT-2000 will encompass
the capabilities of previous systems

Y

Mobility

New capabilities
of systems beyond
A N IMT-2000

New )/\

mobile

High Dashed line indicates

IMT-2000 e \ that the exact data User experienced
rates associated with Peak data rate dat t
systems beyond IMT-2000 Gbit/ ata .ra €
are not yet determined (Gbit/s) (Mbit/s)

~
nn
— —q‘

\ New nomadic/local
y Aarea wireless access )‘
¥

Areatraffic

1 10 100 1000 - Spectrum
i ; capacity o
Peak useful data rate (MDbit/s)

eak use ata ra 1t/s (Mbit/slrﬁ) % efflClency

100x 500 N
Network &~ NN .\ AL Mobility

energy efficiency (km/h)

Connection deznsity Latency
(devices/km ) (ms)

M 2083-0:

@ New diagram for IMT-[2030]

0
Inputs are encouraged!

Samsung Research



I “Example” of future works

@ According a workplan, a PDNR should be ready by WP 5D #43 in February 2023.
@ This means that all items in Vision document should be stabilized by WP 5D #43 in February 2023.

* Discuss “Usage scenarios” and “Capabilities”

* Agreement on “Usage scenarios” and “Capabilities” no later than 5D #43
(Early agreement will also be welcomed. © )

 Completion @ 5D #44

Timeline above is an example for future works. It is subject to change based on progress and agreement.

Samsung Research
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@ ITU-R WP5D39E&S A& LMIEE(FTTEE) (1/4)

m 10/4(Mon)-15(Fri)(CITU-R WP5DE39EIS AN B fEEN LR,

B Future Technology Trends (FTT)¥technical feasibility of IMT in
hands above 100 GHz (abovel00)EhEF S5 X E%EHm I ASWG
Radio Aspectsld, =5 HAEIFR9 sessionftESNELUIC,

B FTTEE DR mifE R X IS

o 10FDFSNXEANNBOEUC. (EESHR)

° §ﬁ$4/\73‘b0> 5xE AF(5D/81 1) 2EIAATZAEZE
2 "Tech Trend 39r1.docx”7)“4’ﬁ5&ia‘ﬂ$bto

° 4’E¥§ZEODE B(OEESINzeditorhs. FTARBEBAEFEMERIN. &
smMIDNELIT.

0 HENRISIER(CEET ZeditoriRRZ MNMER(CT I3 ILEREL

slide 2, 3(<_/T\L/$§'

® (o, ¥E$E¢(5t5=41 (L_TGEE%):EC d DT, R[OlZE40[El=aTI(d.

SO J:DB%(H%FE%HR‘O N TEFTHIREZVER I BT T I,




@ ITU-R WP5DE39EA&S IS L WIS (FTTEIE) (2/4) 2

Section | Title Editorig % & &I POIES

5.2.1 Security, resilience and il - text A H
trustworthiness RUBR or AT)%5H (R7%25.8.3)

5.4.2  [Radio on THz" Technology Appliedj, . DLEA BN ILtexttEA S
for Short-Distance Communication |

5.6.3 Technology for further broader ) WEABHNILtexttiE AN
frequency domain and frequency [ (37#R5.5.2)
utilization

A === [z N < -

564 \wireless and optical technologies ?Jgi%i\ﬁ%uﬁ (TR BEY)72EE (ICText AR

5.9.7 . HIBR or AN EEEGFTR BEY) 72 EE ICText A
System platform and application 5.9.7(?))

6.2.2 e (FT#R6.2) NED B IILHTHLE.2 (" text
MIMO enhancement WE A S

6.9.1  |Network coverage extension via | ¥ERF(#7#77.6.1) FF7.10& L CHMILdT 52 &
he integration of non-terrestrial ZIRETDHEEHIIHEDLH
network (NTN) PILFHRRT.10(ZtexttiE AL




Section

Title

Editori2Z & &FIR0

PRPIVES

7.10.1

BB INLHHT.4.3

network architecture to

Network architecture Bl bR support RAN nodes
cooperation and
aggregation|ZtexttilZEA S
7.10.2 User-centric architecture R (TR 7.4.4) BN HNILtextttE AT
7.15 New radio network topology HIBR or ANEFBGTHRT.9) |text AN




@ ITU-R WP5D39E&S A& LMWIEE(FTTEE) (4/4)

B abovel Q0B EDZE ISR ETILE

® STHHEOFEXEANNBOELE. (EEZIR)
® VERNENTAEENZE(C(E. PEIRENannext U TER

SN CLEY,

v ANNEX 2: Pathloss study on frequency band 140 GHz and 220 GHz

INn indoor scenarios

v ANNEX 3: Pathloss study on frequency band ranged from 220 GHz
to 330 GHz in indoor short-distance scenario

® 100GHZU LB EFZXIZHREL T, pathlossDHITEPEEEERTF

DiEERZzannext UTIRETENUIEZ A TVET,
‘ IFMEFTEDS

® i%. M.[above 100]DSR#&R1L (L. 20234

=6

B FEULTVEYT,

544

O
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Title

Source
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[ Ji0 o
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u

ISO/TC 204 - Liaison statement to ITU-R Working Party 5D on
'Future technology trends for the evolution of IMT towards
2030 and beyond" - 6G must contribute to a better
deployment of mobile coverage of roads and level of
services, as already in course for 5G

International Organization for Standardization

REEFH L 7-FTTEIEliaison |ZXt 9 2 1SO TC204 (ITS)H 5 Dreply liaison, 1TS% key application
andservice 5 LD EKLTW3B,

Further development of working document towards
preliminary draft new Report on future technology trends

Intel Corporation

5.X Technologies for ubiquitous computing and data services D EIIIRE, X 1 MIL7ZI1FTH L,
textbi2Z, FRTMREEL L TUATEZEIF L5,

- scalability

- dynamic computing workload distribution

- data collection, processing, management and sharing

785

Proposal for working document towards preliminary draft
hew Report ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS]

Korea (Republic of)

FTTYERR Dworking principle % 12Z, FTT& visionDECEEE % BT 2720, FITICH T Dnew
service/application/ use case DL H (T FR/INRICT RN E . annexZ FRUWLN =B EIF30E AT, K
AW, FxRE,

794

Updated text proposals for draft working document towards
@ preliminary draft new Report ITU-R M.[IMT.FUTURE
TECHNOLOGY TRENDS OF TERRESTRIAL IMT SYSTEMS
TOWARDS 2030 AND BEYOND]

InterDigital Communications Inc.

4.1 New services and application trends|CXRZEBHINT 5 & & £ 12, TREEHOBERZIRE,
5.8.1 Zero-Energy loT Technologies

6.2.1 Advanced/Extreme MIMO (only the top section)

6.4.1 Reconfigurable Intelligent Surface (RIS)

6.8 Ambient Backscatter Communication (AmBC)

811

Proposal to add technology information to working
document towards a preliminary draft new Report ITU-R M.
[IMT.FUTURE TECHNOLOGY TRENDS TOWARDS 2030 AND
BEYOND]

Japan

TERERDEMESR,

5.2.1 Security, resilience, and trustworthiness

5.4.2 "Radio on THz" Technology Applied for Short-Distance Communications

5.6.3 Technology for further broader frequency domain and advancement of frequency utilization
5.6.4 Wireless and optical technologies

5.9.7 System platform and application

6.2.2 MIMO enhancement

6.9.1 Network coverage extension via the integration of non-terrestrial networks (NTN)
6.9.1.1 HIBS

6.9.1.2 Drones communications

7.10.1 Network architecture

7.10.2 User-centric architecture

7.15 New radio network topology




im. (B%) FTTEESSXE (2/2)

NZE | Title Source =D
>= =
B 7
813 Update proposal to working document towards preliminary . 2 DERICHLT, B4BHIEIEDREAT-oTWS, £71-. BEELETHAH
draft new Report ITU-R M.[IMT.FUTURE TECHNOLOGY Finland 35 7= 8 DguidelinePsuggestion #5D TEET 2 Z & A RH T B,
TRENDS TOWARDS 2030 AND BEYOND]
821 TEFREE £ RE
5.1.3 Explainable Al
5.9 Self-Synthesizing Networks and Internet of Senses
Further updates to the draft working document towards a 5.13 quantum-resistent ciphers
preliminary draft new Report ITU-R M.[IMT.FUTURE . 6.6.1 indoor coverage using LiFi
TECHNOLOGY TRENDS OF TERRESTRIAL IMT SYSTEMS Wireless World Research Forum 7.10 Coreless RAN
TOWARDS 2030 AND BEYOND E7-. Titextziz®
5.8.2 nueromorphic computing
6.7 Faster-than-Nyquist signalling
7.12 HAPS
845 Update proposal to working document towards preliminary ;-:II:LC::] i‘;_ Il_rl::eEII‘Clt(:rsoc?r;:ctl:wfr:tzg?ni?a:(l)gles Finland}2 2 (5D/813) & (Z AN B DIRE,
draft new Report ITU-R M.[IMT.FUTURE TECHNOLOGY AN Npokia o Orationg Qualcomm
TRENDS TOWARDS 2030 AND BEYOND] L P ’ ]
Inc. , Samsung Electronics Co., Ltd., ZTE Corporation
85 6 Proposals and updates for draft working document towards a Friftext DIRZR,
preliminary draft new Report ITU-R M.[IMT.FUTURE . 5.5.2 Pervasive Compute
TECHNOLOGY TRENDS OF TERRESTRIAL IMT SYSTEMS Telefon AB - LM Ericsson 5.9.2 Internet of senses
TOWARDS 2030 AND BEYOND] FICEHT2IRE. KU ez ETEBNICET 1R,
873 Frifitext, f&1Etext, 5D/686(5538[E]1C A ] L 7= HEIRE) D Etext, LU, editorial RIEIE%
RE, FiftextlLLTOEY,
5.1.4 integrating human knowledge and Al
. 5.3 Technologies for integrated sensing and communication
Proposed updates on the working document towards 6.1.3.2 NOMA
preliminary draft new Report ITU-R M.[IMT.FUTURE China (People's Republic of) 6.2.1.4 Distributed EMIMO
TECHNOLOGY TRENDS TOWARDS 2030 AND BEYOND] o . . e
6.12 Technologies to support ultra-high accuracy positioning
7.10.1 New architecture to support RAN nodes cooperation and aggregation
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B 5. [Emerging] Technology Trends and Enablers

B 5.1 Technologies to use Al in communications

m 5.1.1 Al native new air interface

m 5.1.2 Al-Native radio network

B 5.1.3 Radio Network for Al

B 5.1.4 AI-driven RAN architecture and optimization

B 5.1.5 Explainable AI for RAN

B 5.2 Technologies for integrated sensing and communication
B 5.2.1 Sensing based ultra-high accuracy positioning and localization
B 5.3 Technologies to enhance adaptability and sustainability

m 5.3.1 Split Computing

B 5.3.2 Pervasive Compute

B 5.3.3 Technologies for ubiquitous computing and data service
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B 5.4 Technologies for integrated access and super sidelink
communications

B 5.4.1 Sidelink communications

B “Radio on THz"

B 5.5 Technologies to efficiently utilize spectrum

B 5.5.1 Spectrum Sharing Technologies

B 5.5.2 Technology for further broader frequency domain and
advancement of frequency utilization

M 5.6.4 Wireless and optical technologies

B 5.5.3 Interference cancellation techniques

B 5.6 Technologies to enhance energy efficiency and low power
consumption

B 5.6.1 Zero-energy IoT Technologies

B 5.6.2 Energy Efficient Radio Access Networks



m. (8%) M.[FTTI(TEMP/472r3)DEEH (3/7)

11

B 5.7 Technologies to support enhanced services and applications
B 5.7.1 Self-Synthesizing Networks

B 5.9.3 Internet of Senses

H 5.9.4 Internet of Tags (Asset Tracking)

H 5.9.5 Immersive Sports Events

H 5.9.6 High-Fidelity Mobile Hologram

B 5.7/.3 Supporting real-time communications

B 5.9.7 System platform and application

B 5.8 Technologies to enhance trustworthiness

H 5.8.1 RAN privacy

B 5.8.2 Quantum Technology with respect to the RAN
B 5.8.3 Security, resilience, and trustworthiness
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B 6. Technologies to enhance the radio interface

B 6.1 Advanced modulation, coding and multiple access schemes
m 6.1.1 Advanced modulation and coding schemes

B 6.1.2 Advanced waveforms

B 6.1.3 Multiple access

B 6.2 Advanced Antenna Technologies/ Advanced/Extreme MIMO
m 6.2.1 MIMO with new type of antenna arrays

m 6.2.2 MIMO with distributed mechanism

m 6.2.3 MIMO with Al assistance

B 6.3 [Co-frequency Co-time/In-band] Full Duplex communications
B 6.4 Multiple physical dimension transmission

B 6.4.1 Reconfigurable Intelligent Surfaces (RIS)

B 6.4.2 Holographic Radio

B 6.4.3 Orbital Angular Momentum
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B 6.5 Tera-Hertz (THz) communications

M 6.5.1 pencil-beam THz Radio

B 6.5.2 THz transceiver technologies

m 6.5.3 Ultra-High bandwidth

B 6.6 Visible light communication (Light communication as bearer
platform)

B 6.7 Technologies to support ultra-high accuracy positioning

B 6.8 Interference cancellation techniques

B 6.13 Support for flexible channel bandwidth

B 6.9 Coverage and capacity extension and spectral efficiency improvement

B 6.9.1 Network coverage extension via the integration of non-terrestrial
networks (NTN)

m 6.9.1.1 HIBS

B 6.9.1.2 Drones communications
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B /. Technology enablers to enhance the radio network

B /.1 RAN slicing for Massive-Broadband URLLC RAN

B /.2 [Enhanced resiliency and QoS guarantees/Technologies to support
resilient and soft network and guaranteed QoS]

B /.3 Stand-alone support of voice services

B /.4 [New radio architecture to support new operation and business
model]

B /.4.1 Coreless RAN

B /.4.2 New radio architecture to support new operation

B /.4.3 Network architecture to support RAN nodes cooperation and
aggregation

B /.4.4 User-centric architecture
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B /.5 [Technologies to support Digital Twin Network]

B /.5.1 Digital Twins for manufacturing

B /.5.2 Digital Twins for zero-hunger and agro-production sustainability

B /.5.3 Digital Replica

B /.6 Technologies for interconnection/[integration] with non-terrestrial
networks

B /.6.1 Network coverage extension via the integration of non-terrestrial
network (NTN)

m7.6.1.1 HIBS

B /.6.1.2 Drones communications

B /.7 Support for ultra-dense radio deployments

B /.8 Technologies to enhance RAN infrastructure sharing

B /.9 New radio network topology




(m. (8%) M.[above 100](TEMP/470)DEER (1/2)

B 1. Introduction

m 2. Scope

B 3. Related documents

B 4. Radio wave propagation in frequencies above 100 GHz

B 5. [Coverage and capability][Characteristics] of IMT in bands above 100
GHz

B 5.1 Outdoor-to-outdoor coverage and link budget

B 5.2 Outdoor-to-indoor coverage

H 5.3 Mobility

B 5.4 Impact of bandwidth

B 6. Enabling technologies toward IMT in frequencies above 100 GHz

B 6.1 Antenna technology

B 6.2 Semiconductor technology

B 6.3 Material technology
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B /. Deployment scenarios and architectures

B 7.1 Use case for IMT in bands above 100 GHz
B /.2 Deployment scenarios

B /.3 Deployment architecture

B 8. Conclusions

B ANNEX 1 (Nokiaigx)
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12Z): Pathloss study on frequency band ranged from 220
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1 Introduction
2 Scope
3 Related ITU-R documents
4 Overview of emerging services and applications
[Editors note: This section is under discussion for its applicability to this report. It was discussed in the meeting of SWG Radio Aspects that this might be more applicable to the VISION re
41 New services and application trends
4.2 Motivation on driving factors for future technology trends towards 2030 and beyond
5 [Emerging] Technology Trends and Enablers
5.1 Technolodgies for native Al based communication 654,686 X X
5.1.1 Al-assisted new air interface (Al-Al) 595,635,654,686 X X X X
5.1.2 Radio Network for Al 654,686 X X
5.1.3 [Ethics and its supervision for wireless Al]
5.1.4 Al Driven Automated RAN Optimization 610,633,654,694 X X X X
5.1.5 Al-Native Radio Network Architecture 610,654,694 X X X
5.1.6 Al-based MAC & MAC for Al 610,654 X X
5.2 Technologies to enhance RAN privacy 654,686 X X
5.3 Technologies for integrated sensing and communic 635,654,686 X X X
5.3.1 Sensing based ultra-high accuracy positioning and 686 X
5.4 Technologies for integrated access and super sideli 686 X
5.4.1 Interference cancellation techniques (self-interferer 694 X
55 Technologies to enhance adaptability and sustainak 694 X
5.6 Technologies for efficient spectrum utilization [Edi 654,686 X X
5.6.1 Spectrum Sharing Technologies 610,635,654,694 X X X X
5.6.1.1 Dynamic Spectrum Sharing 633 X
5.8 Technologies to enhance energy efficiency and low 654,686 X X
5.8.1 Zero-energy loT Technologies 610,629,635,654,686 X X X X X
5.8.1 Ambient Backscatter Communication (AmBC)
5.8.2 Near zero-powered endpoints 654 X
5.8.3 Technologies for extremely low power communicai 654,694 X X
5.8.4 Eneray Efficient Radio Access Networks 635 X
5.9 Technologies to support enhanced services and applications
5.9.1 [RAN Based Mobile edge computing] 654 X
5.9.2 Internet of Senses
5.9.3 Internet of Tags (Asset Tracking) 694 X
5.9.4 Supply Chain Loagistics
5.9.5 Immersive Sports Events 694 X
5.9.6 High-Fidelity Mobile Hologram 694 X
5.10 Technologies to natively support real-time commur 654 X
5.11 Technologies to support the convergence of commt 654 X
5.12 Technologies to support extreme low latency 609,654 X X
5.13 Quantum Technology with respect to the RAN D
6 Technologies to enhance the radio interface 654
6.1 Advanced modulation, coding and multiple access ! 654
6.1.1 Advanced modulation coding schemes 595,654,686
6.1.2 Advanced waveforms 686 X
6.1.3 Multiple access 595,610,635,686
6.1.3.1 Multiple Access Technology for Massive-Broadbar 610,635 X X
6.1.3.2 [Al-aided NOMA] 610,635,654
6.2 Advanced Antenna Technologies 654
6.2.1 Advanced/Extreme MIMO 595,629,635,654,686
6.2.1.1 Al-aided Beam Selection 610
6.2.1.2 Al-enabled MIMO 635
6.2.1.2 Al-aided MIMO 610,686
6.2.1.3 Holographic MIMO 635
6.2.1.4 Cell-less MIMO 635
6.2.1.5 Integrated Access and Backhaul (IAB) 635
6.3 Co-frequency Co-time Full Duplex (CCFD) commt 686,694
Propose title “In-band Full Duplex communications”
6.4 Multiple physical dimension transmission 654
6.4.1 Reconfigurable Intelligent Surface (RIS) 595,635,610,629,654,686
6.4.2 Holographic Radio 654,686
6.4.3 Orbital Angular Momentum 595,686
6.4.4 Passive and Reconfigurable Metamaterial Design 635
6.5 Tera-Hertz (THz) communications 595,609,610,629,635,654,686 X
6.5.1 Pencil-beam THz radio 635,654
6.5.1 THz transceiver technologies 609
6.5.2 Pencil-beam THz radio 609,654 X
6.5.3 Ultra-High BW 609,654
6.6 Visible light communication (Light communication 654,686,696
6.6.1 Indoor Coverage
6.6.2 Under water communication 696
6.6.3 Backhaul and last mile connectivity 696
6.7 [Tbps modem Technologies] 635,654
Extreme data-rate transceiver 610
6.8 Ambient Backscatter Communication (AmBC) 629,654
6.9 Coverage and capacity extension and spectral efficiency improvement
6.10 Interference cancellation techniques 654
6.11 Transmission techniques 654 X
6.12 [High-precision Positioning Technology/Support ul 609,610,654
6.13 Support for flexible channel bandwidths 633
7 Technoloay enablers to enhance the radio network
7.1 RAN slicing for Massive-Broadband URLLC RAN 610
7.1. Intelligent RAN slicing 635
7.2 Massive-Broadband URLLC RAN 610
[Enhanced resiliency and QoS guarantees/T 686
7.4 Stand-alone support of voice services 633
7.8 [Ultra-dense IAX network]
7.9 Technologies to enhance radio network performance and precision
7.10 [New radio architecture to support new operation a 686
7.11 [Technologies to support Digital Twin Network] 686,694 X
7.11.1 Digital Twins for manufacturing: 694 X
7.11.2 Digital Twins for zero-hunger and agro-production 694 X
7.11.3 Digital Replica 694 X
7.12 Technologies for interconnection/[integration] witk 609,635,654,686 X X X X
7.12.1 Deep Space Network (DSN) or Inter-Planetary Net 694 X
7.13 Support for ultra-dense radio deployments
7.13.1 Ultra-dense IAX network 610 X
7.14 Technologies enhance RAN infrastructure sharing
8 Technology enablers for terminal technologies
8.1 Battery and charging technologies 654 X
8.2 Diversification of terminal types 610 X
8.2 Zero-eneray loT Technoloaies/Near zero-powered endpoints
9 Summary and conclusion
10 Acronyms, Terminology, Abbreviations
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5.1.1 Al-assisted new air interface (Al-Al) 595,635,654,686
873 X
5.1.3 Radio Network for Al 654,686 X X
5.1.4 [Ethics and its supervision for wireless All 821 X
5.1.5 Al Driven Automated RAN Optimization 610,633,654,694 x X x x
5.1.6 Al-Native Radio Network Architecture 610,654,694
5.1.7 Al-based MAC & MAC for Al 610,654
5.3.1 Sensmq based ultra-high accuracy positioning and I
5.4.1 Interference cancellation techniques (self-interferen 694
_ 811
5.5.1 Split Computing 694
5.5.2 Pervasive Compute 856
—
5.6.1 Spectrum Sharing Technologies 610,635,654,694
56.1.1 Dynamic Spectrum Sharing 633
5.6.2 Support for flexible channel bandwidths 686
_ 811
811

5.8.1 Zero-energy loT Technologies 610,629,635,654,686, 794
5.8.1 Ambient Backscatter Communication (AmBC)
5.8.2 Near zero-powered endpoints 654,'821 X X
5.8.3 Technologies for extremely low power communical 654,694 X X
5.8.4 Enerqgy Efficient Radio Access Networks 635
—

5.9.1 [RAN Based Mobile edge computing] 654

5.9.2 Internet of Senses 856 X

5.9.3 Internet of Tags (Asset Tracking) 694 X

5.9.4 Supply Chain Logistics

5.95 Immersive Sports Events 694

5.9.6 High-Fidelity Mobile Hologram 694

_ 811

5.13 Ouantum Technology with respect to the RAN 821
768
Technoloq ies to enhance the radio interface 654

—
6.1.1 Advanced modulation coding schemes 595,654,686 X
6.1.2 Advanced waveforms 686 x
6.1.3 Multiple access 595,610,635,686 X X X X
6.1.3.1 Multiple Access Technoloagy for Massive-Broadbar 610,635 X X
6.1.3.2 [Al-aided NOMA] 610,635,654,'373 X X X X
—
6.2.1 Advanced/Extreme MIMO 595,629,635,654,686,"794 X
6.2.1.1 Al-aided Beam Selection 610 X
6.2.1.2 Al-enabled MIMO 635 X
6.2.1.2 Al-aided MIMO 610,686 X X
6.2.1.3 Holographic MIMO 635 x
6.2.1.4 Distributed MIMO 635,'373
6.2.1.5 Integrated Access and Backhaul (IAB) 635

_ 811

Propose title “In-band Full Duplex communications™

6.4.1 Reconflqurable Intelligent Surface (RIS) 595,635,610,629,654,686,'794 X X X X X X X

6.4.2 Holographic Radio 654,686 X X

6.4.3 Orbital Angular Momentum 595,686 X X

6.4.4 Passive and Reconfigurable Metamaterial Design 635
—
6.5.1 Pencil-beam THz radio 635,654

6.5.1 THz transceiver technologies 609 X

6.5.2 Pencil-beam THz radio 609,654 X X

6.5.3 Ultra-High BW 609,654 X X

6.6.1 Indoor Coverage

6.6.2 Under water communication 696 X

6.6.3 Backhaul and last mile connectivity 696
—

Extreme data-rate transceiver 610

Technoloqy enablers to enhance the radio network

Intelllqent RAN slicing

[Ultra-dense IAX network]
Technologies to enhance radio network performance and precision

811,873
811

7.11.1 Digital Twins for manufacturing: 694
7.11.2 Digital Twins for zero-hunger and agro-production 694
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—
7.12.1 Deep Space Network (DSN) or Inter-Planetary Net 694

7.13.1 UItra dense IAX network

Technology enablers for terminal technologies
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System platform and application 811
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Vision Working Group in
White Paper Subcommittee

Activities for Vision in 2030

Konishi Satoshi

Working Group Leader
KDDI Corporation
November 9, 2021
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Purpose of Vision Working Group

White Paper Subcommittee

Vision Working Group Technology Working Group

Purpose of Vision Working Group

Creating vision in the 2030s through
collecting various use cases and requirements for Beyond 5G.

17




/== Establishment of “Workshop for Studying Society in

N

v’ Started from June and held monthly.

2030s”

18

v’ Speakers from various industries and discussions in Vision working group for

vision and use cases in 2030s.

Telecom Services Association

June 15, 2021

First Meeting

July 20, 2021
Second Meeting

National Institute of Advanced Industrial
Science and Technology

Social Welfare Corporation Zenkoukai
East Japan Railway Company

CFA Society Japan

Fuji Television Network

Medical futurist Dr. Oku

National Institute of Science and Technology
Policy

August 3, 2021 PREVENT Inc.
Third Meeting Telexistence Inc.
Arch Inc.

Asratec Corp.

Toshiba Corporation

Quora Inc.

September 14,
2021
Fourth Meeting

Japan Aerospace Exploration Agency
Japan Science and Technology Agency
Mach Corporation Co., Ltd.

Yamato Transport Co., Ltd.

Shiftall Inc.

Toyota Motor Corporation

October 12, 2021
Fifth Meeting

v' Speakers from 20 companies, institutes, and

individuals

v No. of attendants: ~100




@ Example (1) in Workshop: Nursing and Medical Industries | 19

« Zenkoukai: high quality supports by limited staff using loT and Al.
* PREVENT Inc.: disease management vision for everyone.

High quality supports using loT and Al
in real time based on the scientific approach

Mobility support by
self-driving cars

Nursing at smart house

=3

Supports by
AI and smart glass

Welfare by autonomous
robot suits

https://zenkokai.or.jp/

Aggregation of all dat@

- ® Js'
B R ¢
Medical Personal Genetic
informatio fttributes information

Social
environment

= Living
environment

Individual disease management for everyone by
constantly providing data and getting feedback

Constant
updates of

algarithms # -
g

Feedback

dy R R

To policy To devicdo individuals



(- Example (2) in Workshop: Logistics and Transportation

\/ industries

 JR East: joint study toward "living space” with various partners
« JAXA: necessity of space computing and storage

JAXA: Japan Aerospace Exploration Agency

20

JR East: East Japan Railway Company

New "living space" where stations, cities, mobiles,

and communications are converged by
connecting real and virtual world

/ Real :

Shinagawa

Develop B
Business Creatlon

e

------

4
_ Ny .
Virtual

Real and virtual connection beyond space

Space communications is shifting from data to
computing. Space computing and storage have
been studied.

§1/10 1/10000

@ Signal processing [ ~ Image processing and
artificial intelligence

Product Lv.1 Product Lv.2
Raw signal image Reproduced image Ship and wake image
(1GB) (100MB) (100KB)

From data to information




@ Requirements for Beyond 5G (1): from Medical Industry

Safe and secured system is required for B5G to assist physical abilities,
accelerate medical developments, and extend healthy life

Current issues through analysis

What is required for Beyond 5G

21

1. Coexistence of various people in super-aging
society

2. New solutions to unknown diseases

3. Further development of medicine and medical

device

1. Assisting
physical
abilities

Expectation of future life

2. Solutions
to unknown
diseases

> @ ¢

G 8¢
Fr

3. Medical

technology
development

S. Extension

of healthy
life

invasive surger

4)(5)(6)(7)

Nano/Micro robotics

1-1
Assisting

abilities
(2)(3)(5)

5-1 Real time health
management (4)(5)(6)(75

machine

Brain

1. Assisting

physical abilities

y perceptual

2-1 Minimu
contact (4)(6)

Big data real

4.
Supporting
super-aging
society

5. Extension
of healthy
life

Al, Image analysis
Biosensor

4-2 Al remote

Beyond 5G
+
Medical industry

time analysis

Biosensor

2-2

diagnosis

(M(2)(3)(6)

Robotics,
Haptics

Genome
analysis

=

1(2)(3)(6)

Machine
learning,
Al

Requirement

for beyond 5G/6G

(1) High speed
(2) Low latency

(4) Massive
connectivity
(5) Low energy
(6) Coverage
extension

Development ¢

if (7) Autonomy

(3) Safety/Reliability

new medicine

(3)(6)

4-1 Tele-surgery 3_1 pB of genom

analysis (4%

4. Support supér.\xﬁw
aging society

2. Solutions to
unknown diseases

3. Medical technology
development




@ Requirements for Beyond 5G (2): from Railway Industry

Safe, secured, reliable, autonomous, and scalable system is required for B5G

to realize safe, secured, and autonomous operation
as well as highly qualified services,and smart city.

Current issues through analysis

Future using 4G/5G

v loT and sensors
for monitoring
and maintenance

Current using 4G/5G
v" Use of robots

22

Future using Beyond 5G
v Self-driving
(Low latency, Safety/Reliability)

v" Automatic maintenance

(High Speed, autonomy)

Current using Beyond 5G
v" Introduction of XR and robots

1. Zero accidents and early recovery 1
2. Aging infrastructure and systems as well as g
aging society with population decrease ko
3. Distributed society against o
extreme concentration of limited cities o
Expectation of future railway system &
1. Safe and Se;ure | 2. Improved Services
E ﬁ?u
z
)
>
g
£
&

Requirements for Beyond 5G

Future using 4G/5G

v All-in-one app.
for searching info.
and purchase

Current using 4G/5G
v Individual app.

Future using Beyond 5G
v Seamless integration with

Maas$ (Low latecy, autonomous)

v" Enhanced cashless payment

(Scalability)

Current using Beyond 5G
v" Remote work even in trains

What is Required for Beyond 5G

Requirements for Beyond 5G

v
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@ Timeline and Milestone 23

The 1st edition will be published by end of March 2022

October 4-15 February 7-18
* * * *x Kk Kk

#39 #40  #41  #42 #43 #44

Accepting inputs from
external organizations

End of March 2022 End of March 2023

* *
White 1st edition 2nd edition
Paper
in Japan End of October 2021 End of January 2022
* *

Ver. 0.4 Ver. 0.5
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m. Table of contents (Chapter 5) [1/2]

5.1 Observations of technology trends towards Beyond 5G
5.1.1 Market trends
5.1.2 Deployment aspect HEEATHEE
[5.1.3 Communication traffic trends]*
[5.1.4 Technical aspect of radio spectrumj:x
5.2 Technical drivers and enablers
5.2.1 System platform and application(s)
5.2.2 Trustworthiness (Security, Privacy, Resilience)
5.2.3 Energy efficiency enhancement
5.2.4 Network coverage extension via non-terrestrial networks (NTN)
5.2.5 Network architecture

(as of Oct. 26)



@ Table of contents (Chapter 5) [2/2]

5.2.6 Wireless and optical
5.2.6.1 New radio network topology
5.2.6.2 Technology for wider bandwidth and advancement of frequency utilization
5.2.6.3 Further advancement of RAT/air interface
5.2.6.4 Technology to support extreme ultra-reliable and low latency communications
5.2.6.5 Technobgy to enhance energy efficiency and low power consumption
5.2.6.6 Integrated sensing & communications and high-precision positioning
5.2.6.7 Management of radio access/core network and other wireless systems
5.2.6.8 Technology for native AI based communcation
5.2.6.9 Optical communication technology
5.2.6.10 Radio over fiber
5.2.6.11 Optical wireless and acoustic communications

(as of Oct. 26)
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