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Protocol:
R15 Establishes 5G Foundation, R16 for Full IMT-2020 Scenarios

PAONKS 2017 2018 2019 2020
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A GLOBAL INITIATIVE
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Phase?
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R15: Satisfy eMBB Universal Demands R16: Focus on loT Diversified Requirements
NR Framework Architecture NR Improvement Vertical Digitalization
« Waveform & Channel Coding *UL&DL Decoupling * New Multiple Access * URLLC Enhancement
* Frame Structure, Numerology » CU-DU Split * eMBB Sub6G Enhancement * mMMTC
 Native MIMO * NSA/SA « Self-Backhaul *D2D
* Flexible Duplex * V2X
Others: URLLC * Unlicensed

NSA Architecture Option7 and option 4 may delay to end of Y2018



Architectures Evolution Path to 5G Coming Clear
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NSA For Early Fast Deployment, SA is Strategy Target

NSA for Early Deployment

Option 3x

® eMBB,FWA
LTE as anchor, VEPC , fast NR
introduction

® Voice : VOLTE or CSFB

NSA for Migration Phase

Option 7x

NGC

® eMBB, FWA

EPC), minimum impact to current

LTE

® \Voice : VOLTE or CSFB

Deploy NSA, migrate to SA

O &

i
3\ telecom

New Core(Integrating anchor in

— L

*NSA: None-Standalone
*SA: Standalone

SA for Final Target
Option 2

NGC

eMBB/uRLLC/mMTC

E2E Network Slicing

New Core(Integrating anchor in EPC),
minimum impact to current LTE

Voice : VONR

Deploy SA (Most likely)
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Ecosystem: Commercialization of 5G Device is in 2019
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Key 1Gbp*s
Technology DL CAT16, 4CC+2*4x4 MIMO+ 256 QAM

UL CAT13, 2CC + 64QAM
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5G Marketing Progress
m—

2019 Pre-commercial
2020 Commercial
Focusing on eMBB & IoT

2018 Korea Pre-commercial
2020 Commercial
Focusing on eMBB

2017Q4~2018 WTTx

2019~ eMBB 2019 Pre-commercial

2020 Commercial
Focusing on eMBB & IoT

S

5G Global Commercial Launch will Start from 2020
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Bihina 5G Plan is on Going, 5G Commercial Plan is Accelerated
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China 5G Test
Phasel
(Key technology
verification)

China 5G Test
Phase?2
(Technical solution
verification)
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5G is Accelerated in Japan & Korea Market

—
2016 2017 PAONRS 2019 2020
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% Release 5G while paper Announce use case POC plan
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Invest >100M, 7 Cities/2High Way
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EU Release 5G Action Plan To Accelerate 5G Commercial

4 i
EU 5G Action Plan Roadmap
Seamless coverage
Commercial all major cities.
1 city per country. and transport paths.
Te @ @
AONRS] 2020 2025
5G for Switzerland ltaly 5G RFI UK 5G Strategy Spain 5G Consultation ~ Germany 5G Strategy
+ é
|
1 e

2016 2017.03 2017.03 2017.07 2017.07

*opemor | wm T ae  ocommertal | commeraal

RFP for trial : 2018Q1
ZUNFE, DEne RFP for commercial;: 2019Q1 20

TI 2017.05, Done. No plan yet. No plan yet.

2017.04 , Italy Done.
2017.06. Group level.

DT 2017.07 RFQ: 2018 2019
BT/EE 2017.10 (TBD) No plan yet. 2019H1
Telefonica 2017Q4 No plan yet. 2019

Vodafone

No plan yet. 2019
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5G Status in U.S. Market, mmWave is the First Wave
—

2016 2017 2018 2019 2020

UL 238G (550-850MHz)
28G (400MHz)

2.5G (160MHz)

MY 600M (30MHz)



3GPP-Based 5G Pre-Commercial Network In Leading

Ites 10+

3GPP-Based
5G Pre-Commercial Network .

-~ Milan, Italy == Sml China Beijing, China

30+ | = SoftBank ¢ *..;,.
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Huawel Leads IMT-2020 5G Trial

Most Comprehensive

TRBRAIIOHECEAIL SIS
Interoperability Test

- gands 4T3y,
#his built the world's largest 5G trial
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Most Comprehensive
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E2E System Spectrum
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Service Experience Requirement Evolution

PHASE1
2018-2019
Latency \'\.\
4k Video
Pre-VR FWA
40ms 30ms
o
DL FWA._”DTV YER Live
vents
Speed s 100Mbps
UL M
Speed 2rs

Strategy Focus
Service: FWA
Capability: DL Speed

Network: Fixed/ Nomadic

~100Mbps <40ms

PHASE?2 PHASE3
2020-2022 2022~
Hologram  Advanced
10Gbps .
Video / Entry VR Ultimate VR P Video
1Gbps i
Advance VR Drlven
500Mbps
. HD360 Live .
® L Drone Camera
VR Gaming ToD >50Mbps Driven
L128kibps 25 ~30 Mbps
T~y
Advance VR——— @ 9=
20ms Ultimate VR V2X Smart Energy
. eHealth 3~5ms Robot control
Surveillance 1K 10ms 1~2ms

10 Mbps

Strategy Focus
Service: FWA/ eMBB, Public
Capability: Capacity & UL Enhancement

Network: Nomadic/ Mobile

~500Mbps <20ms

Strategy Focus
Service: eMBB/ uRLLC/ start of mMTC
Capability: Ultimate DL/UL, Low latency
Network: Full Fledged 5G

<1Gbps

<10ms
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Use Case #1:. 100Mbps Everywhere is Benchmark to
Deliver Better MBB Experience

100Mbps Satisfy Most Applications 5G Target: Ave. Speed 100Mbps
A
* Current
» LTE i lll _
4K Video 8K Video Ave.22.9Mbps ! .1I|I"||I|I|I|. T
(15~20Mbps) (60~80Mbps) PrE %\J*%i @mm?fﬁ" %#;;%*%é;h «"’%“q*‘:"’\'\%a 8

6000 100%

5G .

eMBB Target o0

Ave.lOOMbps %

QO O A0 N O Q
N N X D
R ANy ,‘Lﬂ/ﬂ/

50%

Glass Free 3D Video | | HD 360° Video
(50~100Mbps) | (80~100MbpS) S S S SIS E ST

Source: Huawei Wireless X Labs



Use Case #2:
Cloud Based AR/VR with High Requirements on Network

Sensor ~3ms
@
[é| Screen Network
Response RTT
Processing

T ~2ms m Refresh ~8ms

MTP Delay < 20ms

Cloud Based
-~ Renderinc

~2ms

Acceptable
Experience 125Mbps | RTT Latency

Ultra Retina 3.ZGbpS < 5mS

Experience



Use Case #3: Fixed Wireless Access for Home Broadband

Target & Existing Gap

>
* * Kk Kk Kk &
* Xk I —
* * t***t*t*t*t
* & S, I
]
* * I
* p K
|
Target: By 2020 50% Target: By 2020 100M
Households > 100Mbps Households > 100Mbps
Households > 30Mbps(%) Households > 100Mbps(million)
37%
25.40%  24% 1oo 0
12. 20%
4. 60% 7
Italy Spaln France German 2016 2020 Target

Source: Broadband Europe Strategy 2015/ FCC 2016

5G Home Access

v

x ﬁlllls Throughput

Fast v < rol

Maiﬂl' use case for 5G

early deployment



Use Case #4.
Connected Car is Strategic Focus by Leading Countries

2020 Opens Autonomous Driving Era

Policy is Making for Connected Cars

(Million) Forecast: Number of

120 Autonomous Driving Cars v
100 :
80 +

60 r 47.1

40 +

20 +

0.008 4.8
0 ]

2020 2025 2030 2035
Source: NAVIGANT RESEARCH, Autonomous Vehicles

Connected Car Benefits Whole World

Save )
1.2M

people
annually Y

Save )

3.1bn

gallon oil
annually )

Source:
Global Status Report on Road Safety,
World Health Organization, 2015

Source:
Texas Transportation Institute Urban
Mobility Report, 2015



Autonomous Driving Will Commercialize in 5G Era

Stage 4
2020~

Stage 3
2015~

Stage 2
2000~

Stage 1
1990~

Full
Automation 7 S o M S f \ |
Tele Operated Automated Cooperative
Driving ; Platooning Autonomous Driving
Partial o
Automation LTE-V
g Road Assistance | Smart Warnlng
Tel : infotainment, on-line navigation, remote
elematics diagnostics, e-call communications...

®.:/36/4G

Roadside

e s @ \Vired / Wireless for RSU

® S5G



Use Case #b:

5G will Make Factories Smarter and More Efficient

Factory Cloud

h".
H: Em Ho
ispatcher  Storage

Cellular see a CAGR of
in industry 10T, 2022-2026 464%

loT status Mainte- Machine Controller D
nance vision

R

Cloud robotics

Cloud vision

Mobility +
Cloud

Flexible manufacturing

Xtabs | Creating New Ecosystem

mm t200% [ -30% a T30%
" productivity [l reduced energy longer product life
- source: ABI
Mobile Real Time All-online
beyond Giga World Everywhere
20Gbps <4ms 1 mn /km?

Connected devices Automation to Autonomous


https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi3pIGvmZrXAhUoLcAKHb7rCWYQjRwIBw&url=https://www.mhequipment.com/solutions/fleet-management/&psig=AOvVaw0ZosUQYzRR6Ilbbt1gx1BH&ust=1509516447671172

Use Case #6: Drones In a wireless connected world

Drone Cloud

B> 4 @

Cloud based Cellular Flight Drone call
application positioning management center

W

Connected drones’
impacted market in 2020 294 bn <
vy

1St
digital low
airspace hub
Lingang, Shanghai

Low altitude airspace , Flight safety & data
coverage Connected drones monetize
application
10 — 300 meter Drone marketplace
. — 3 ydy ty) e N L
. A e m o M W Q9 ™
Logistics by JD LiDAR inspection 3 mining Security  Agriculture  Telecom  Insurance  Transport  Infrastructure

Digital +

Low airspace coverage

Xtabs | Creating New Ecosystem



Use Case #7: Al assisted eHealth in a wireless connected

world

?Health Cloud
= ). . A

Ambulance Nursing Monitoring Diagnosis Remote operation

by 2025
Smart healthcare
to eclipse

Al

assisted medical
image process

23mbps 10ms

$2300bn

Remote diagnosis VR for medical Ambulance
via video training assist
4K 20mbps Cloud VR <30ms
100mbps
Remote Remote By 2025
monitoring surgery

300mn nhealth

Massive loT >20mbps <10ms device connected

Remote endoscopy Remote ultrasound

Mobility -

eHealth Everywhere

)(!,-\,ﬁ'e'gg 'Creating New Ecosystem



Use Case #38:
Cloud intelligence in a wireless connected world

Al in Cloud

H & &« B

Navigation Voice Al Motion Feedback  Object Recognition

by 2025
Al related service
market size

$36.80bn

o
n A :
' H BN
Obstacle Traffic light

‘ i—i' recognition recognition recognition
Human neural Network latency Al process time is expected to
network delay requirement decrease from 180 ms to
100 ms <20 ms 80 ms

Il

- @ "~ F

NYU smart jacket

Al helmet

Mobility -
Cloud Al

{Labs Creating New Ecosystem
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