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Introductions
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Introductions
TECHNOLOGY EVOLUTION 4G LTE TO 5G NR
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Introductions
5G NR TECHNOLOGY EVOLUTION - THE NEXT PHASE
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Introductions
SG NR TECHNOLOGY EVOLUTION - THE NEXT PHASE
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Introductions
FROM 5G NR PHASE 2 AND 2+ TOWARDS 6G
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5G/B5G
New Technology New Appllcatlon New Solution

BERFR

A5 ez
(Z% - CPE)

5J58 81 1% (RFFE)

wESE
(AR/VR ~ EAE - HEN)

pals
“K*ﬁ F BH S SIRE
(TH - B - £2.)

:E-g




5G/B5G
HE &

 BBERREZARFREN IR - MIRSHRHEENNRRT - FAZREIRREE
- MSEERRERESE - RRFERRIE(NLOS)EH RIFEFRRETERKE




5G/B5G

KR+ FREEFEERAE o 5K ={EFSER :
> . E2ERE * >
2019~2022 : B G BPAIR (AR IZ S 2EEE )
2022~2025 : & 20272 : 2= TR

Ofn'%Web UK

SPACEX ys4

Spren Faploation Techsalogion

2018 2019 2020 2021 2022 2023 2024 2025 2026 ZOZi FethR2EE28E

2,000%%

+ 201972727, OneWeDZRF EMENE/ HWEENAZ » FRBAMNEARESRD - EAUWESSALBAR . SEFAREH
HELBROIY/BSENMNEFREEE . BRAN2027FHMNME000% « FHo]EE2,0008

> D 11,9431

ceX Sk M ANE FCCRUEFRNBIARWILLL 043HTE - MR WI00@ET -
FOCEPEFARLIR—FHRE . MA010FMARH . XIWEF00M . StarlinkH BRI,

3,236%%

amazon uvs4 - 2019F4R B BAETKuiperi R BISHE . W3t N3, 236MAE - HELS0-6302 M . PMEHKa Band AT » HSMR
et B B—RRS/BMWEE  BITE KR EEE -
LEQYSAT UsA T, 10847
- R FierceWireless B I) » LeoSat 5t EHRT 78 RNWESE - @RSSNE108H » M R0 19EMREE  SUAFRERES.
{ - 4 51241
“Telesat Canada . Telesat it MG SL2HWAREE « 212021 THBARUNARH.
D 140#%

‘kepLer Canada .

HUEEREN2018/1/1989FmY)  EXR TS LER  ARTFE - WHSHEETARENHERE =B
BEEER AOBNWMESSE

% " 1R512018/11 /298 8 ik 1h »




EBmEHEES
i - RSB EE

FRT5 -

ERHERBP
X

2G/B5G

| o] Y B {EIELE - £

Kimaz g R /NE

I‘ZF?@M
UqE

TENEN i tH A fS e

Low Earth Orbit (LEO

P 218
imiE%

S . 1R 1H100%E 5 % 8 A 1A

TE(LE - EHER

ERRE

B0 R

AG/5G1TEN @@ﬂﬂ*(backha ul)

&‘KE%#M"\
1 - BB -

FHELE




’fﬁ__ 5G/B5G

rupfﬂ"{&!-'@

o HEFBMNKMESMNAASFHEFR/PEDN - EEERAETRETT2ME 2 E 42 InE Y 1S3
o IXKREFZEMENSEAR - EE0LUID REHE(LEO) ~ PEEMEO)MEHIMEFSE

Highly Elliptic Orbit Low-Earth Orbit

About 40,000km
- p— =/
BEEE hEfE 2 B
=& 300~1,500km 8,000~12,000km 36,000km
W Medium-Eathorbit | {5 IS ] 1557 i& 2~4/\B5 24\l
%N & B =
— =k EEEEE EEmEES BEXRK
— all 5k 22 ik (KX AR NENRUE
————— - &iEk - - ~
Icr:oncso 5 l;n:o EaniBH 2-5%F 5~8%F 8~10%F
o ATl Si% {55 &0 AE 42 25ms 150ms 500ms




5G/B5G
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» What next? for 6G

» Satellite communications
» Sub-terahertz communication




What's Next? 6G
TIMELINE 3GPP RELEASES (2007-2021)

» 3GPP targets 15 months for the completion of the core
specification (RAN1/2/3/4) of a release; not the reality

— Syntax (ASN.1) freeze three months after

— Test specifications for base station and user

equipment (RAN4/5) follow after ASN.1
freeze
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Allocate additional

What's Next? 6G
FUTURE REGULATORY AND STANDARDIZATION ROADMAP
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What’'s Next? 6G
#THINKSIX

units/m2
density
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What's Next? 6G
Electronics

LRadio 1 Microwave Infrared VisibleJ Ultraviolet | X-Ray , Gamma-Ray
% 25 mmWave|Terahertz s )7 : L L
Wavelength  10®m 1m 10mm 1mm 0.1 mm 700 nm 390 nm 10 nm 0.01 nm

Radiation Type WW

Frequency 3 Hz 300MHz 30GHz 300GHz 3THz 430THz 730THz 30 PHz 30 EHz

Sample
Application

Padio s Cellphone THz Secure Infrared Visible  Ultraviolet in X-Ray Gamma-Ray

Imaging Thermal Light Medicine Imaging  kills living cells

pP. 25 Television Catnnien




P. 26

1 Tbps transport, for:

Dense massive MIMO
network,

Cell free network
architecture,

Massive could & edge
computing,

Enhanced broadband fixed
access,

200+ meters range
Indoor/Outdoor
Low energy constraints

100+ Gbps per cell

High speed download,
Kiosk, digital shower

Enhanced immersive
experience,

Industrial loT

10+ meters range
Indoor
DL low energy constraints

10-100+ Gbps P2P

= Connector less applications,
= Server farm
Inter-chip communication
Intra chip communication

2+ meters range
Indoor
High energy constraints




Multisensory

XR

Applications =

More Bits,
Spectrum,
Reliability

What's Next? 6G

6G: Driving Applications

and
==l Autonomous

SYystems

From Spatial
to Volumetnc
Spectral and
Encrgy
Efficiency

Emergence of
Smart
Surfaces and
Environments

Transceivers Communicals
with
Integrated
Frequency
Bands

Intelligent
Surfaces

Connected robotics

on with Large

Wireless Brain-
Computer

Interactions

From SON
o Self-
Sustaining
Networks

Massive
Availability
of Small
Datn

Integrated
Terrestnal,
Airborne, and
Satellite
Networks

Blockchain and
Distributed
Ledger

lechnologies

Convergence of
Communication,
Sensing, Control,
Localization, and

Computing
fvg_ﬁ'-e’r.

Energy
Transfer and
Harvesting

End of the
Smartphone
Era




What’'s Next? 6G

Ubiquitous

* Deep Learning (Al)

: — Connection Everywhere
* Deep Sensing: Tactile internet

* Deep Mind (Telepathy): *» Holographic Communications Connection Anytime

mind-to-mind communication « AR/VR Pervasive/Everywhere Air, Space, Ground and Sea

* Ultra-high-fidelity AR/VR




What's Next? 6G

Control view:
Intelligent
connection

3 Network
pace tawe
network viEw:
Enhanced
Stratification
Infrastructure Aerial
view: network
Ubiquitous
3D coverage

Terrestrial
network

Undersea
network

prea—— RF /optical/acoustic & Undersea




What's Next? 6G




Outline

» Develop roadmap for future applications
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Product spec. for Tx array
* EIRP: >39 dBW

Active array gain: >70 dBi
Power consumption: <50 W
Beam scan area: +- 50 degree (AZ)

= Z Tx 16x64 array module for payload app

—test_1(beam & 0 deg) —test2 (beam at-10 deg) —test 3 (beam at -20 deg)
e t@SE 4 (beam at -30 deg) =——test 5 (beam at 40 deg) ——test 6 (beam at -51 deg)
—test 7 (beam at 10 deg) =———test8 (beam at 20deg) -—testS (beam at 30deg)
——test 10 (beam at 53 deg)=——test 11 (beam at 40 deg)



¢ 2 Rx 16x32 array module for payload app

L
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Product spec. for Rx array 0
« G/T: ~5dB/k P
* Active array gain: >42 dBi % 30
Power consumption: <10 W & »
Beam scan area: +- 50 degree g 20
s 15
g 10
5
0

-90 -60 -30 0 30 60 90

Theta(degree)
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Rapidtek product develop road

Automotive/Sensing
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