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01. 6G Framework (1/3)

JEEN

I_AI AE| BB E(air-interface)

D/ ore networ

RAN (Radio Access Network)

IMT-2000 3G
IMT-Advanced 4G
Olest 89 IMT-2020 5G
IMT-2030 6G
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01. 6G Framework (2/3)

Visions of 4G and 5G

Mobility

4G

 |TU-R Recommendation M.1645
- HO|H £k vs. AHEAL 0|5 &

5G
* ITU-R Recommendation M.2083
« 3 usage scenarios
« Capability &2
* Non/Beyond-communication applications
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01. 6G Framework (3/3)

. 0“
6G Framework Q,\\\'\* (cenarios of g, R
Qv' e ~ ):9
. . d,\‘} éb‘% Immersive 300; 004,
= Extension from 5G usage scenarios > ) Communication (7] “%
« eMBB - Immersive Communication ] %
* URLLC - HRLLC Integrated Sensing / \ Integrated Al S
. - d d
(Hyper Reliable and Low-Latency Communication) Comm?;r‘lication O 5 @ Comm?xr:uication
«  mMTC > Massive Communication SMER
. IMT-2020
= New usage scenarios mMTC  URLLC
« Ubiquitous Connectivity Massive @) @ HyperRelizble
* Integrated Al and Communication Communication \ / and Low-Lateney g
. . . % Communication é’
Integrated Sensing and Communication % O <
° 6 \V
= 4 overarching aspects %, Uiquioes \5’
. .. . . onnectivity A
design principles applicable to all usage scenarios "\/4,) \\\é'
. Sustainability e, <
« Connecting the unconnected 7 stt“?‘

« Ubiquitous intelligence
« Security, Privacy, Resilience
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02. 6G Capabilities

= 9 enhancements from 5G capabilities
« Peak data rate
« User experienced data rate
» Spectrum efficiency
» Area traffic capacity
< Connection density: 106 — 10 — 108 per km?
»  Mobility: 500 — 500 — 1000 km/h
« Latency:1 —-1-0.1ms
« Reliability: 1 - 10° — 1-10°-1 - 10"
« Security, privacy, and resilience
= New 6 capabilities
 Coverage
« Sensing-related capabilities
» Al-related capabilities
» Sustainability
* Interoperability
« Positioning
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03. 6G Timeline

WRC-23 WRC-27

l 2021 I 2022 2023 | 2024 I 2025 I 2026 I 2027 2028 | 2029 2030
>

#62 #63 #64

#37 #38 #39

FTT Report Technology Performance ology Proposal
Requirements “IMT-2030"
IMT-2030 Framework . -
Recommendation Evaluation criteria &
Methodology Evaluation

IMT feasibility above 100 GHz
Report

#40 #41 #42 | #43 #44 #45 #46 #47 #48 #49 #50 #51 #52 #53 #54 #55 #56 #57 #58 | #59 #60 #61

Requirements,
evaluation criteria,
and submission
templates

“IMT-2030"
Specifications

Background &
process

3GPP R17 R18 R19 R20 R21
6G Study Item 6G Work Item

Framework/32] > 2FANE/AE > W1l




ITU-R 6G EX3| 5 =22 |CT EZ=HMEA 2023

Global ICT Standards Conference 2023

04. 6G Use Cases (1/2)

=  |Immersive communication

o A GIATH T BAS XY SO0A Ciztd/E2d 4 MS

« Usecase: 283d XR, 22121 &+!, Remote multi-sensory telepresence bt
/. conference

. KPLAHEZ &8 HO|E £&, 0S5 M2 U X|QIAZh 9ZYE &

74
« Use case: 2% 209 &2t Xts3t, Uetd Z&, Hl&HA|Q] MH|A | Tele-medicine, T HM & Sl 2HY ZHA|
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=  Massive communication

Physical space

Cyberspace (Real work place)

(Digital twin)
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04. 6G Use Cases (2/2)

- SN EAILEIDO 42 AF 52 S0t LK 2 AXt o~ S0 7|0
+ Usecase: O|UZ = FZE EF X|F i, 10T AH|2, SUHY 0|5S 4 MB[~

«  KPI: ¥ Zd(connectivity)

o-h

= A/SH BS
. 22X X Al-powered OfE 2|04 X| &

- Use case: At2Fd, o|& X|& OfZ2[AH 0|, HFE 2 &4k (offloading), CIX|EE &

x|
« KPLEREHAY 8, AFEA ME £k, =42 8 =MX[H, H0[H =48, 22 2B/SR/ZH, A7 E A
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Emerging technology trends and enablers
2. Technologies to enhance the radio interface

= Emerging technology trends and enablers 3. Technology enablers to enhance the radio network

Al-native communications (Al 7|2t S41)

RAN automation / configuration / intelligence

Network for Al (Al X| &= /¢t network) & UL-centric, deep edge, ML across whole network
Integrated sensing and communication (Md/S4 &2 7|&) > d4E MH|2/0fF2|AH 0] M-S
Supporting convergence of communication and computing (A& &/S4 %)

D2D - THz (UE peripheral links)

Efficient spectrum utilization

Energy efficiency and low power consumption

Enhancing trustworthiness (A7 2| E[, Z2tO[HA], 2[E2|AHAA

Real-time services and communications

Compact atomic clock

Pico-second level synchronization
10
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05. 6G Technologies (2/6)

= Technologies to enhance the radio interface
« Advanced modulation, coding, and multiple access schemes
« g PHH|L 7=
- E-MIMO, 24t% E-MIMO, Al & E-MIMO (X 2374, reconfiguration issue ==
- M™O|&3} 7|&: IBFD (In-Band Full Duplex)
- CHSAE ME70=
* RIS (Reconfigurable Intelligent Surface)

* HR (Hologram Radio)
* OAM (Orbital Angular Momentum)

« THz @& 7| HE ] THz

o A™O ZX|MY 7|=: SLAM, CPP, AI/ML ZX| M4

11
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05. 6G Technologies (3/6)
— <+ RIS

« Channel
* Non-controllable component - dynamically controllable
* Phase, amplitude, frequency, polarization - artificially adaptable
* RIS: a new type of antenna array with or without active elements
« Many small sub-wavelength unit-cells
» Construction of Intelligent and programmable radio environment

« Unit-cell’'s reflection, refraction, absorption - can be controlled

*  Merits
« Transmission reliability, higher spectrum efficiency

« Channel rank, Network coverage
« Cell-edge performance
« Positioning/sensing
« wireless power transfer/backscattering
* Low cost, low power consumption, easy deployment .
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05. 6G Technologies (4/6)

« Holographic radio
« For imaging
« Holography - 3D imaging of an object (by using interference patterns)

* RF holography (e.g. breast cancer detection, brain imaging, cardiac
imaging, ...) of an unseen

» Optical holography of a seen
 HR can upgrade RF holography to optical holography
*  For communication

Transmitter: data encoded into interference patterns - transmission over RF
signal

Receiver: holographic image creation by reconstructing the original interference
patterns - data

* Merits: High data rates, Low latency, Better coverage

13
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05. 6G Technologies (5/6)

« Orbital angular momentum

« Vortex beam generator
* A beam with helical phase front (twists on the phases of the beam)
* multiplex multiple signals over the same carrier frequency (orthogonal twists modes)
- Studies focus on
« Extremely high data rate at LOS
* Multipath, misalignment of orientation
- Performs better at:
- Smaller antennas & quasi-static terminal
* Indoor small cells with mmWaves and THz
« Study Phases
* Vortex waveform carrying OAM
« Light photon carrying quantum state OAM

14
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05. 6G Technologies (6/6)

= Technology enablers to enhance the radio network
- RAN £2|0]4
* Interconnection with NTN
- ZNEX HESL3A (UDN)
» Resilient and soft network for guaranteed QoS
« Avalilability, resilient, soft, user-centric, service-oriented, flexible, ... (Cf. SDN/NFV)

* New RAN architecture

*  RAN nodes (BSs, UESs) cooperation, user-centric, DOICT, native-Al enabled RAN functions
 Digital Twin Network

« Enhancing RAN infrastructure sharing (by multiple operators)

15
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