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1. 5G MARKET UPDATE

2. 5G DEPLOYMENT ASPECTS

3. 5G UsE CASES



The 3rd Paradigm Shift of Mobile Industry is Going to Happen

2020~

Voice Era (1G) MBB Era (3G) Super Connected World (5G)




5G Capability Requirements Defined by 3GPP

3GPP Standardization Targets for 5G NR

Peak Data Rate .
User Experienced
DL: ZOGbpS Data Rate

UL: 10Gbps DL: 100Mbps
UL: 50Mbps

5G N

Area Traffic Spectrum
Capacity Efficiency
10Mbps/m?
ps/ 3x
Network Mobility
Energy (500km/h)
Efficiency
100X(ITU)
Connection Latency
Density Control Plane: 10ms

User Plane eMBB: 4ms

1M devices/km?

Source: 3GPP TR 38.913

User Plane uRLLC: 0.5ms

Requirements of Different Services

Peak Data Rate User Experienced
Data Rate

eMBB

Area Traffic Spectrum
Capacity Efficiency
Network

Energy Mobility
Efficiency
mMTC uRLLC
Connection Latency
Density



R15 Enables Ultimate User Experience on eMBB

R15 Builds the Foundation of Commercial 5G Networks

2015 2016 2017 2018 2019 2020
RAN #80
>
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Key 5G Features of Release 15

(@) X10
111 (I1 ) A -
=2 User Experience
5G Bandwidth NR Air Interface Massive MIMO eMBB Devices X 20~30
Cband: ~100MHz f-OFDM, Polar Code, LDPC, 4TAR->64T64R 2T4R as >2.6GHz Basic Cell Capacity

mmWave: ~400MHz UL & DL decoupling CRS Free, Full Channel BF Config. HPUE with 26dBm



NSA Focus on eMBB, SA Support Full 5G Services

INSYAN SA

eMBB URLLC mMTC Network Slicing

* High eMBB Maturity * Grand-free/Mini-slot NR * Massive loT is expected * R15readiness on

« Experience Continuity Air interface standardized in R16. eMBB Slice ability

* Support Initial 5G Fast e FulluRLLC Full Service Network
Deployment standardization will be Slicing will be ready in

ready in R16 ‘ R16




NR Flexible Numerology Overview

OFDM
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15KHz

Frequency
e a4 4 d

» "
Time

SCS (kHz)
Max BW* (MHz)

TTI (ms)
TDD Sync Req

Guard**

*Max 275RB up to 120kHz, 14 symbols per TTI, 12 SC per RB, same as LTE
** Flexible Spectrum, F-OFDM
*** May need skipping one TDD symbol, some assumption about >6GHz



New Waveform & Channel Coding

F-OFDM

LTE: 10% Guard Band

v

NR: ~4% Guard Band

Less guard band increase 6%+
SE

LDPC Coding

ﬁ
LTE Turbo HE H BN B

"L

NRLDPC  EEEEEEEA
Turbo LDPC

Decodability 30% 90%
Decode Latency 1X 1/3
Chip Area 1X 1/3
Power 1X 1/5

Consumption

eMBB UP
Reduce UE Power
Consumption vs Turbo

Polar Coding

eMBB CP
Coverage gain: ~0.5dB vs
Turbo



5G Spectrum Release is Speeding Up
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Sub 3GHz C-Band mmWave

B e

1GHz 3GHz 6GHz 24GHz 40GHz 100GHz

Global 5G Spectrum Auction Plan

UK b
Switzerland: Canada:
’_. Ireland 3.5GHz Apr.2018 + u
3.5GHz May.2017
-

2.6/3.4-3.8GHz H12019 3.5/3.8GHz 2020

e I =L K -
Czech 222 Eruy 700MHz/1.4/3.6GHz H1 2019 3.4-3.7GHz 2020
3.6-3.8GHz Jul.2017 Spain —.. Germany l France:
ey i/l G P o 3.6GHz H12019 3.4-3.8/26GHz 2020
exico I— Norway:
A=l Ml 27 (2.5GHz) Aug.2018 ol 700MHz/2.1GHz Q12009 "
Italy Netherlands:
|| E
700M/3.6-3.8GHz/26GHz 700MHz/1.4/2.1GHz Q1 2019
Sep.2018 E Qatar:
Finland: 700MHz/3.5/26GHz 2019
3.5GHz Oct.2018 NLZ k-
& China: Z1IS 700MHz 2019
“——  2.6/3.5/4.9GHz Nov.2018 n Japan:
us: 26/28GHz 2019
28GHz Nov.2018
.. Australia * N GRS
* Al B 206 3.3/3.5/4.9GHz July.2019
* Hong Kong: . Romania:
26/28GHz Dec,2018 700MHz/3.4-3.8/26GHz 2019
+ Sweden: — Thailand:
700MHz Dec,2018 F— 700M/2.6GHz 2019

C-Band Becomes Globally Harmonized 5G Spectrum



All Bands Go to 5G

Step2
All to 5G NR
Stepl
mmWave
All to LTE, 5G Hardware Ready NR
Growing LTE
2600M Sub 3GHz
2600M LTE Evo->NR
1800M Sub 1GH
u Z
— 800M
800M 700M LTE/NR

700M LTE/NR

(O] 2 (O] 2 (] 2

5G Era Network LTE Evolution +NR



Ecosystem Drive 15t Wave 5G Commercial launch in 2019
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2017.Q3 Q4 2018.Q1 Q2 (OF] Q4 2019.Q1 Q2 (OF] Q4 2020.Q1 Q2
Sen NSA (CS) e SATrials X55 (CS)
somooem  ( mmW & 2.6 &C-band ) Somooem.  (Sub6) NSA/SA (mmW & Sub6)
100 ' - = o
= = { - B5G01 NSA (ES) == | B5000 NSA/SA (ES)
= = IS iiG o] e
i XMM 8060 i T XMM 8160
Y e NSA/SA
Chipset (mmW&Subé) & (MMW&Subs)
: Exynos 56 T E 5G NSA/SA (CS)
SAMSUNG | NSA/SA (ES) -.‘f o) Xynos /
Commercial Smartphone Launched Scale Commercial
’
(L b opEe noka sony R
SAMSUNG
- Y hTe
Mobile @
MOTOROLA
Z3 Mod ( mmW ) m
1)
—_—~ CPE 5G01 CPE 1.0 CPE 2.0
? C-band C-band (Sub6 )
axo S .
amsung ! . MiFi (sub6)
SAMSUNG g | =]
CPE SFG-D0100 (mmW) == l
Samsung Outdoor CPE NETGEAR HTC MiFi PEWN(;; D-Link CPE
NETGEAR () (mmw) NightHawk (2.6Ghz) CPE (sub-6) DWR-2010
CPE (mmW)

(sub-6/mmWw)
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5G is Now, Industry
In 2019, Leading Operators will Launch 5G Service...

China, 15 Cities
XX0,000 sites

Seoul =  C-Band/2.6G/4.9G

London (°L: .\‘} LG U . ' 20+ countries will finish 5G
. \ = ® spectrum Action in 2019:
h XO OOO sites Australia, Finland, UK, Spain, Korea, USA,
- ’ : UAE, Kuwait, KSA, Qatar, Bahrain, Oman
C-Band : Austria, Belgium, China, Denmark, France,
X’OOO Sites ' India, Japan ...
C-Band : ]

X,OOO sites '

C-Band/2.6G/4.9G Trial

" | |
ﬁ

2018 2019 2020
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World’s First E2E 5G Commercial System

(15t

Erkj-to-end 5G systém

A
1545
i s { o |

/ Core

5G E2E commercial systems

launched by September 30, 2018

Transport

C-Band mmWave

I LB
% 2
smartphone \

Ascend 910
Cloud computing Al chip with
greatest computing density

Kunpeng 920
Arm-based Processor with
Highest performance

® No.1 Market Share
® More than 1M pcs

shipment/year

Kirin 980

World's first commercial 7nm
Al chip for smartphones

15t 7nm
5G baseband chipset



3GPP-Based 5G Commercial/Pre-Commercial Cooperation

50

3GPP-Based
5G Commercial/Pre-Commercial Contract
In 20+ Countries :

*Due to the limitation of NDA, some of the 5G Commercial contact can’t be disclosed.
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3 Big Challenges from 5G Deployment

i
, ¥
— [ ¥

@® vodafone

|- - -Mobile-

===TELECOM

ITALIA

9zaiN




5G Massive MIMO Ultimate Experience

Coverage Improvement

Further coverage

/. 8xX for horizontal coverage
3~10x for vertical coverage

Capacity Improvement

MU-MIMO Pairing maximize cell
capacity

16 layers multi-user beam forming

5Gbps DL cell throughput

Deeper coverage

/Il

\
il 8~20dB gain for vertical coverage
il Better for 30 floors high building

User Experience Improvement

SU-MIMO multiple stream max
single user experience

2.8Gbps DL peak THP@ 4T8R

1.5Gbps DL peak THP@2T4R




UL & DL Decoupling Enable Sub-3GHz to Improve NR UL Coverage

Sub 3G for NR SUL

64T64R

3.5GHz SUL Extended Coverage

UL Spectrum can be dynamically shared between LTE & NR

Standard & Industry

Definition of UL & DL decoupling

%@ - DL 3.3G~3.8G + SUL 700/800/900/1800/2100M
S « DL 4.4G~5.0G + SUL 900/1800M

Supports SUL Full Bands

UL DL Decoupling loDT Testing with HW

- UL DL Decoupling Planning in 18Q4

——

W
NOK LA

18



UL & DL Decoupling Reduces New Sites Acquisition

Decoupling trial in Hangzhou Half Sites Reduction in Dense Urban

Hangzhou Wulin
Existing 1.8G sites: 119
Average distance: 346m

Area: 12.2km”2

Architecture: SA Original sites

Decoupling Disabled Decoupling Enabled

5G target UL data rate: 5Mbps (90%) Sites Num. : 143+106 Sites Num.: 143+8

*2018 May, China Hangzhou, based on SA



Voice: VOLTE Preferred for NSA, VoNR Preferred for SA

NSA(Option 3x) SA(Option 2)

VolLTE with good experience' LTE wide coverage, ~2s VoNR: 1.5~2s acCcess, PS Handover to 4G VolLTE at cell
access edge

VoLTE when VoNR doesn’t support, EPSFB to 4G
VOLTE, 3~4s access

EPSFB

CSFB when VoLTE isn’t deployed, 2/3G national m
coverage, ~6s access
CSFB when VoNR/VoLTE isn’t deployed, 2 times FB, ~8s

CSFB

c’ CS on 2G/3G

& CSon2G/3G




SingleRAN Pro Solution for OFR Target Network Site
With Only 8 Modules

Multi-band Antenna 3 MODELS oF 5G AAU
Sub-3GHz All-in-one
AAU5613 — 64T64R, 200MHz, 200W
AAU5313 — 32T32R, 200MHz, 200W

AAU5310- 32T32R, 100MHz, 100W

Simple: 2 poles for 1 sector
Super Capacity: 25Gbps
Convergence: 2/3/4/5G All in One

3 MODELS FOR ALL
SuB 3GHz BANDS
RRU5509t — 7/8/9, 2T4R, 2x140W

RRU5502 — 18/21, 4T4R, 4x80W
RRU5301 - L2600, 4T4R, 4x40W

1 RRU 5G 3500MHz
RRU5258 — 8T8R, 200MHz, 240W 1 CONTROL BOARD PER SITE

QPMSQEOB % 1 BBU5900 UMPTg  « cCell: 108
ower atter —
""" Multimode BBU for All RAT A RRC: 7200

= I * Transmission: 25Gbps

2 BASEBAND BOARDS PER SITE

UBBPg

« C-Band: 3*100M
64TRx + 3*20M 4R

UBBPg2a - 3x100M 64T64R + 3x20M 4R
UBBPg2 — 12x20M LTE 4T4R (multi-mode)



Optimal MM Pattern Enables Best Performance Efficiently

Al-Based Massive MIMO Self-Adaption

Static ®» . Dynamic

Manual ®» Automatic

15.84% Network Performance Improved

Before After Pattern Adjusting

15.84% *Source: 2018 Hangzhou Trial
L N N N M L N L N L N M L
I I I P IS
§ & & & QAT QT PSS
N\ Q Q Q Q N Q \) N’ \) N N

Optimize Time Performance Efficiency

y RN
v 'y

(#) (2 (&

<1Hour  20%%  ax




Al based Massive MIMO Self-Adaptation: how does it work?




Automation Network Management Ease Multi-RAT & Multi-Service OPEX

Site Automation

D
> Hardware Plug & Play
((.)) (o))
A A
Power On Site Active

Software Feature Plug & Play

Q 4 B

Scenario Benefit Auto
Detection Forecast Configuration
Ty PnP

Network Automation

. Coverage Prediction
. Pattern Intelligent Search

ﬁ 20% Network Performance

£8

Smart MM:
Al-Based Feature

20% Extra Gain

Service Automation

Service Service Service
Provisioning Deployment Evaluation

X Suites: WTTx Suite ...

Service Visualization

Network)) Service)) Terminals

*44 WTTx Suite:

T.l Quick Win WTTx

Nk 5 min to issue
Service



Al in 5G

PAPR non-linear AComp mode selection
compensation Link Adaption

. Deep Learning
Re-enforcement learning RDL

; Dynamic optimization ;
» Regression Transfer Learning
i GMM/HMM Graphic algorithms

« Clustering A ot le mini
. Classification ssociation rule mining

wyiob|y
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Huawei Understanding for 5G Business

2018 Phase |

TV Tablet  Phone

FWA (2H)

Branding: High Value Area

Down Link  100mbps
Up Link  smbps
Latency 20ms

2019-2020 Phase Il

Enhanced MBB Service

computer
& 3
IPHhone LAN g

Fax

w_——u

Enterprise Internet Access

eMBB + FWA

Offloading: High Traffic Area

300Mbps

50Mbps
10ms

2021- Phase Il

Cam & [

> K o

e Y¢ Fa

Ecosystem
Serving all industry

Coverage: 100Mbps everywhere

10Gbps
100Mbps

Ims




5G is Now, Business Value

eMBB Brings New Level: WTTx and Video “Mobile First”

Mobile \ WTTx will become All Mobile Video, AR/ VR
First mainstream in 5G Video 4 Will be Boosting in 5G

Monitor Smartphone HD TV  VR/AR/Holography

3G Era 5G Era @
Mobile Voice WTTx , Q .

: FTTx
Nne i N
: i | Early Stage: Smartphone, HDTV, ~4K VF:’> Later: 8BK TV/VR
® & >
Mobile First 1 Mobile First 2
Resolution 2D 3D
i ; WTTx surpass FTTx
Mobile \./0|.ce surpass 720P ~1.5Mbps
fix line
1080P ~4Mbps
2K ~10Mbps -
Already Happened Will Happen 4K ~25Mbps ~50Mbps |
8K ~100Mbps ~200Mbps___i




Operators will Get More Revenue from 5G FWA

7 ] )
The all-in of your choice f...s.,?m.l.w Mobile + Internet + TV + VR + CloudX
Q D %\\ + free installation

€0

from today z5llsnlmon. + future xllsnlmnn.

Multi-Play User with Higher Loyalty and Tariff

Home Entertainment

Strong uptake of all-in offers, More Plays results in lower ) L/ @ =
increasing 4-Play HH/SO full-churn levels o Home Surveillance Home Automation
3 i

Tuttimus/Bizz All-in 3 / A _ s> i

subscribers in ‘000

DSG G vway; asAp;;llcatl
i Center == Smart Home
& Home Security Home Health

BlL@® P 0 i)




FWA is Profitable Business in Kuwait

Simple 5G FWA Business

Case <3 ROI
350 Years Calc.
300 32 Months
250
200

150

. . . neven“e
. . . .

~75,000 (70%+30% ) Subscribers @30KWD ARPU Pays for >700 5G sites less than 3 years

100
50

Revenues & Costs (USD min)

Time (in Months)

- Cumulative Revenues  =Cumulative Costs



European Case:

2018~
MidCap

30 Mbps DL
Speed
11 FWA Users/Cell

Peak: 500 Mbps
10% MBB + 60% WBB

5G FWA Development Plan

2018~ 2020
MaxCa ~
P
100 Mbps DL 500 Mbps DL Speed
24 FWA Users/Cell
Speed
14 FWA Users/Cell R 100M
(C-Band)
LsoTR 1M L8oTR10M
Peak: 1 Gbps Peak: 6 Gbps

10% MBB + 60% WBB 15% MBB + 55% WBB

* Forecast KM: PRB threshold 70%; Active ratio 50%;Service duty ratio 15%; 256QAM LTE; 64T64R 16 flows C-band NR;



Enable FWA Quick Win with WTTx Suite

2

7
-

o ] 9
—&“'&' i oD

FWA Network Planning Optimization Business Hall Maintenance

» FWA Launch Map 4 * WTTx Experience &
door CPE install
Proposal(which wall,
Height, Direction)

*Cell Load by PRB Ratio

*Weak Coverage Evaluation

*FWA Potential Area Identify

CPE Management
» Abnormal CPE

+Site Coverage/Capacity

Planning
Detection
- WBB & MBB
WTTx Map CPE Management et COOpETaLtive

Development

Provisioning System
Integration

WBB & MBB Comprehensive
Analysis

* Accurate FWA Launch map accelerates market occupation
« Easy O&M Reduce TCO & Churn Rate



Cloud VR Business is Accelerating

Huawei Cloud VR Ecosystem

BOSS

[ :
VR Content #xer VR R O
Cloud e
Video Platform
5G
Network Q 120Mbps; <20ms

Device . M\ a _

@ ChEEﬁ] Fujian Launching 5G Based VR Service

ina Mobile

User VR Portal

VR Gaming

T = =
LA AN
o €
i L1l !
) 5 i
— - »
6 nE ||l ¢ ¥a

VR Education VR Live VR MAX (like

IMAX)
18Q1 18Q2 18Q4 19Q2
@- 4 . 4 \ 4 o
POC UAT FTTX Commercial 5G
>1000 Subs >10K Subs Commercial

>100K subs



More Services will be Coming in This 5G Network

Cloud VR

Transportation

60% CAGR (2020-2030) 60% CAGR (2020-2023) 58% CAGR (2020-2030)

Source: Analysys Mason



Beyond 5G

User experienced data rate:
Area traffic capacity: 1Gb ps Peak data rate:

10 Mbps/m? 20 Gbps

Network energy efficiency:

100 x 3x

Connection density:

1Millions/km

Latency:

1ms

Mobility:

500km/h

2020

Spectrum efficiency:

Peak data rate:

Connection \
density:

10/m?

Link Budget:

roem 0G  +a0dB

2028-2030

2030

.
35 HUAWEI
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