TEIMAA TP

Industrial Technology
Research Institute

Taiwan 5G and Beyond 5G Technology,
Applications, and Industry Development

PangAn Ting
ITRI/ICL
2021.10.26



Agenda

F ITUR/3GPP B5G/6G Timeline
F Global B5G/6G Trend

F 5G Open RAN Opportunities
and Talwan Incubated Solution

F Talwan Beyond 5@itiatives

TREMATR




Ubiquitous Intelligent
Connection

Multi-dimension coverage
Alnative communication

Intelligent & pervasive
connected infrastructure

CyberPhysical Converged Society

Immersive CybePhysical interaction
Digital Twin

Multi-sensory internet
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Fully autonomous unmanned  Realtime medical care Mobile Telepresence Extreme Real ImmersiveJitra-precision public
vehicle experience

Robots __safety

Multi-dimensional sensor UItra—foecism 3D pitioning
big-dataloT sensing

6G Application Scenarios

6G creates new dimension, fully connected

Fulldimensional wireless coverage | : )
Zerolatency interactive Al

Holographic applications

. . . wn
world by integrates terrestrial and satellite _ o - 2

. _ Meet various vertical field applications S
network. A world that enables holographic' Reattime requiremnetsand realize a new digital 5
service, ubiquity, and zero delay Telesurgery  society o

applications. XR images (5G:eMBB

Ubiquitous applications

o _ 6G Zerolatency applications i
ol Ultra-wide coverage, seamless o
Sl data transmission Mobile Network - Nearzero delay, perfect L
<l (5G: massive connection devices Seltdriving cooperation and full interaction £,
— Y " Humarnmachine  penveen man and machine °©

mMTQ Smart cities Collaboration =

Satellite Tactile internct MRS
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ITUR/3GPP B5GG roadmap

6G standardization kickoff in around 2025-2026, 6G commercial network in 2030

Spectrum Spectrum @ Spectrum
Recom Needs Recom

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Initial 5G 5Genh Beyond 5G
i Future thehev?lution of IMT trhrou h advances in
Technology technology andpectrallyefficient
”\<I/-Ii-si200n20 Trends | techniques, and their deployment.
Vision | define the use cases, key capabilities, syste
Key requirements for 3 major towards | characteristics and timelines on
5G usage scenariosMBB 2030 standardization and commercialization of 6
URLL@NdmmTC
R15 R16 R17 R18 RI19 R20 and Beyond >
=5 " 5G Standardization B5G *

Standardizatio 6G Standardization
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GLOBAL B5G/6G TREND
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3GPP migrates towards 5G-
Advanced

R15 Extreme mobile broadband
Initial 5G: Flexibility SR BELY
' 5G NSA 5G SA Q
& Forward
Compatible R16 Augmented for it

IndustrialloTfoundation
Extended 5G:

- _ L Augmented for
h}" vertical domain loTcapabilities & segmentsqt
expansion ¢

5Gbaseline: Continuing
evolution and

Accelerating 5G _
- expansion 5G-Advanced expansion towards
[

Tt energy, transportation,
manufacturing, media and medical

R15>R17 keep pushing broadband enhancement and ecosystem expe

wréw  Non-Terres
OB X cooiia ik I eXlonded
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(V2X, Public Safety, relay etc.)

Augmented for
R18 Wider ecosystem expansio
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Nokia leads EU 6G Flagship Hexa - X project

A A collaborative initiative to frame 6G research agenda and lay groundwork for a long-
term European investment in future wireless network technology

A 2.5 years project @ EU Horizon 2020 ICT-52 program
A 25 players from industries and academia

Challenges & Drivers Use Cases

Digital World Informatl.on’.
- communication
A A and computing paet® Connected

intelligence

Connecting
intelligence

Trustworthiness

Immersive
communication

Physical
world

Twinning

Glohal setvice Sustainability
coverage

Physical World
objects,
organisms and
processes

Human World

senses, bodies,
intelligence,
and values

Sustainable world
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USA Next G Alliance

To advance North American mobile technology leadership

Next G National Agenda

Development of &G national roadmaghat addresses the
1 changing competitive landscape and positions North Americthas
" global leadefor Next G technologies

Strategic Model for Success

Align the North American technology industry on a core set of
priorities that will steer leadership for 6G and beyond to

influencegovernment policies and funding

e

B -

A NEXTG
. ALLIANCE

ST

Wiyer

Market Leadership

3 Identify and define the early steps and strategies leadingpad
= commercialization and adoptionf Next G technologies across new
domestic and global markets and business sectors

40 26

Founding and Full Members  Contributing Members s
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6G Initiatives In other areas

A Provide $833M funding for 6G
researches till 2025

A IMT-2030(6G) .
Promotion Group
established in 2019
A 6G selected as a top

priority in most rece
GFTRBE NJ LIS N

A Investi250M to
support 6G flagship
project for 8 years
from 2019

A Earmark $450M for 6G A Launch 6G pilot trail in

development in 2020 2026 |
A 6G showcases at the 2025 A Invest $194M for five
Osaka World Expo event years from 2021

Y g\
°

N\
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Potential 6G technologies

THz/sub-THz communications and artificial intelligence (Al) Everywhere are 6G potential

technologies mostly endorsed by leading manufacturers

6 technical indicators Ultra Ultradata  Ultra energy Ultra-low Ultra Ultra
(KPIs) coverage rate saving latency reliable  precision
Satellite THz Massive Cm
Technology Green Comm . | -
comm. Comm. beamforming positioning
Ericsson
noiia [ [ R T
Equipment :
quip Huawei ~ ~ ~ - -
Vendors
Samsung - - - -
CMCC
Operators
T TR R
Source: ITRI ITIS f il
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6G spectrum moves towards THz

A 5G is incapable to support ultiEigh data rate services like tactile network & hologram

A 6G shall employ higher frequency bands (90GHz~1THz) for future immersive services
A SubTHz communication is currently the key technology in global B5G/6G R&D spectrt
A Initially, the focus will be on suierahertz 106300 GHz, then gradually move towards TH

Dominant applications and spectrum requirements of various Mobile Generations

iv's:

eMBB/ URLLC/ mMTC

MBB Sensing?

4G
6G

0.8GHz 0.9GHz 1.8GHz 2.1GHz 2.3Ghz 2.6GHz 3.5GHz 4.5GHz 26GHz 28GHz 39GHz 73GHz 90GHz 140GHz 300GHz 1THz

I%Eﬁﬁn%
Source: ITRI IEK MY e vecna
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6G KPIs - potential technical indicators

A 6G will dramatically improve ability to meet key performance indicators (KPIs)
sustaining better future life

A 6G will bring unmanned vehicles, these technical scenarios put forward higher demand
for location services

KPI 5G 6G
Peak date rate 20 Gbps 1,000 Gbps
Experienced data rate 0.1 Gbps 20 Gbps
Area traffic capacity 10 Mbps/m? 10,000 Mbps/m?
Mobility 500 km/h 1,000 km/h
Reliability 1-10 -5 1-10 -7
Latency > 1ms > 0.5ms
Connection density 100 6/ km? 1,000 7/ km?
Battery 10 years 20 years
Positioning >10m cm
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OPEN RAN OPPORTUNITY &
TAIWAN INCUBATED SOLUTION
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Open RAN by the numbers

A Numerous major MNOs conducted Open RAN trials for service feasibility

A Open RAN SW vendors (eMavenit Altiostar Parallel Wireless) uplifted role
playing as solution integrator to enlarge market impact

A Traditional TEMs keep stepping in Open RAN

APPROACHING GLOBAL ADOPTION
NEARLY

@ 1.199 BILLION
SUBSCRIBERS

'P- 8 X COUNTRIES OR REGIONS WITH
’k COMBINED POPULATION OF OVER

2.4 BILLION

f

MOBILE NETWORK o 07 OF THE WORLD'S MOBILE
OPERATORS 21 /o SUBSCRIBER BASE
OPEN RAN ANNOUNCED COMMERCIAL NETWORK
DEPLOYMENTS AROUND THE WORLD

Source: iGRwhite paper t OPERANI nt egr ati on: Run with itt I#?ﬁﬁﬁﬁn[ﬁ%
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WHY Open RAN?

Brings RAN Architecture towards Disaggregation and
Multi-Vendor

Journey to True Open RAN

Legacy RAN Open and Multi- Virtualization
vendor Open and Multi-vendor
VendorB  Vendor C Viendor B Vendeor C
RRU Cell 2
. Mm'a fogo
Radio
Intelligence
Proprietary
Interface Inlerfac& A agon
InTE-rFﬂ!:E- (RIA)
Fropriatary ) gﬂuﬂ"m
ou
HW/SW Vendor A SW
o VE'I'IdQFJc\. '.IDU -.rl'_1L,I wDLAwCLD
BBU |-«|""'E'“";":HI - B [ AW YendorDHW
Source: comba Technolo
9y . T
[ Rescarch institure ™
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Open RAN is highly endorsed worldwide

Governments LYRdzZAONE oOabhasx
Congress in 2020.11 I Mobile o “felefoniica

e approving $750 million _ vodafone
m— {nding to develop Open The®@RAN G@ointly commitin 2021.1to

RAN technologies Open RAN deployment as part of their 5G plan
A Encourage a competitive European OPEN RAN

k‘l% NE c ecosystem
A Press for government funding to support
o N
|A VL\ . - uropean Open.RAN startups and broader
' YQa pD adzLJL)d e OK I %c){systgn'?\ OSNRBATAOFUGAZY
strategy(backed by an initial £250 million)

A Accelerate open interface solutions

A establish &SmartRANDpen Network 0 58 members consists of key
en RAN

Interoperability Centre (SONIC) for IOT SFRFGAE BRMET Ecosystem stakeholders
A NEC has participated UK 5G Open RANPQLICY COALITION

:rlatlbprggram with theNeutrORAN to promote policies that will advance the adoption of
estbe open and interoperable solutions in the RAN as a

- 91 NI NJ € H o eans ;\og@ate:rngq\qgtlon spur competition and

Open RAN R&D expand the supply chain for advanced wireless
technologies including 5G TR
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Taiwan government sponsored 5G R&D

projects

Research Institute Research Institute
5G gNB, 5G Lite Core 5G enterprise solution

5G Open RAN

MIT 5G enterprise
system solution

3GPP 5G RAN OA&M, MEC
B5G advanced RAN; 5G+ system &
system R&D program'  applicationTrial
program

|

|
(20202023) : (20202023)
Annual 277M NTD 1 Annual 480Mto 187M NTD
|

RU Analog Front End, RU system, Mobile Edge Computing, NFVI,
DU, CU, 5G Core, 3GPP ' 5G Competitive Drone, Al
Standardization : assisted 5G applications, 5G
: Localization, smart

I manufacturing &medicare

5G testbed & trial
program for Culture
Innovation
(2021-2024)
Annual 160M NTD

Stadium As A Platform
ecosystem, 2 fields: National
Theater & Concert Hall,
Kaohsiung Exhibition Center
TR
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Taiwan engages in global
Open RAN ecosystem

w Taiwan established strong foundation in ICT ODM/OEM and ‘bloixeservers

w Taiwan has strengthened Open RAN S/W capabilities to come-BétNDbased
system solution

- B =t B o S LTI
I SW ‘I;L‘éi"ii“ | 0 Heeshced | :: "(': "1 Isamsunc NEC |
Global -~ 501 | D@L | | ISCO | novaa FUIITSU |
I FUJITSU 1 I 0] pmmmem——————
Vendors 1"W wnec | : ' L unpert 156G Core HW|
: COMMSCOPE ] : ‘31 PERMICE® | I _J | | atfrmed .Irlulr_r!r:. I
e SPAN_ e e eeed  lemcmoeoeo  [MAVENR_ ALTIOSTAR |
Sbe Transport 5G C
RU L DU com / Router o
Radio unit 'Su”m%J € 8H|tra
tr}g S?(ST Alpha,QCTCompa| UFI Server HWQuanta,
) SercommWNC Inventec Hon hal Edgecore Invente_c Regatrom

Domestic Lions, Comq_aJ Pegatron Lions A|pha Honhaj Wiwynn

Vendors  HonhaiM Wistron 5G Core Sv\Quanta,
Small Cell Quanta Ill, NCKU

SystemSercommCompal Foxconn, Askey

Chip SolutionSynergy  E R
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5G enterprise trials conducted in Taiwan

Category cases SI Bands(HzZ RU DU CU Server Core

QuantaFAB (IT) QCT 4.84.9G QCT

Dellinve Microsofi

InventecFAB(IT) Wavein 3.7-3.8G Waveir Inventec ntec  /Affirmed

VEURIEROUNT o1 Famemicoy CHT  3.423.51G Nokia - Nokia
Delta FAB (CT) FETnet 3.343.42G Ericsson - Ericssor
ASE FABemicomn CHT 28G Sercomn(smallicell - Ericssor
NationalTheater & — o i 55 28 Nokia HP/Deltz Nokia
Concert Hall

el [EAlleli FHNet et 4'SG’Honhai HonhalHTC Dell Honhai
Center 28G
Tn-SerwceQeneraI Transne 4.84.9G Alpha I
Medical Hospital
TPECity Hospital FHNet 3.7-3.8G  MTI Honhai Dell Honhai
Sty Kaohsung HTC v 48496  Alpha HTC QCT i
VivelLand
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TAIWAN BEYOND 5G
INITIATIVES

RIS (Reconfigurable Intelligent SurfaéelC
6G Open PlatforrRoC

AlNative Communication System
Ultra-high Frequency Powe&mplifier

LEO Communication

Do To o Do I

TR FTBT
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RIS for B5G/6G system

A Massive lowcost reflecting [ s i v
Controller elements integrated on a planar '*| —-ummes 2.5x
— surface 5 1a Avg.
g A Achieve 3D passive beamforming .| Rate
via intelligent reflection (viaa  :.
Terahertz Beam smart controller) foo :
6G THZ e THz . T
((" ,)) EE - I ’ 7 P(c;EBW) e
[ ]
A ~ sy S AnRISaidedOFDM
Node B Obstacles End Points Communication System.

w RISReconfigurable Intelligent Surface) or IRS (Intelligent Reflective Surface) is re
as a revolution technology to improve wireless spectrum and energy efficiency

w Advantages
¢ Enhancing coverage in communications systems
¢ Enhancing network transmission rate
¢ Enabling customization of radio propagatienvironments
w Challenges
¢ IRS hardware design and implementation
Joint active and passive beamforming design for more general setups
Performance analysis under hardware/channel imperfections
Channel acquisition in IRfEded wireless networks I
. , : : e 32
IRS deployment, autonomous operation via machine learning £ osecimoon

Research Institute
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Wide -Scan

Develop a specific reflectiatype

metamaterial surface

Metamaterialtheory showsthat negativee, and m, could be succ
createdby properlydesigningartificial periodicalstructures’®

2022

(A 6G RIS system level simulator ‘

RIShetwork deployment topology formation
RIS simulatiomodel & FR3 Channel Modeli
A RIS Design & SLS

RIS Prototype Design and Verification
Performance Simulation for RiBented
System

- (

ning RIS PoC

RIS moellfz RISSystemPoC
design

essfully

Zi "JUE W ZX X AZ 0 C U X ZX ~ulsdZ v
EPSIA /v £} Z (E &]}v_U~]v UIiii

2023

(R SubTHz system level simulator
SubTHzchannel modeling
High density RIS deployment
Hugemulti-path transmission and channel interferen
A RIS System Emulation

Wide-Scanning RIS and Controlling Module Design

~

- Probing RKeelated Parameters

- Emulation with RIBasedPoC
\ - RISoriented Demo System )

AX N Zposd

C¢
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