(A-2017-01164) - Page: 1

\/

$“\?curity Level:
i

Dr. Abdurazak Mudesir,
VP 5G Marketing and Head of XLABs, Eurepe

30 October, Ottawa

HUAWEI




(A-2017-01164) - Page: 2




(A-2017-01164) - Page: 3

Exploration Irnnovation' S ’Ecdsys't.ei'ﬁ“‘."f"

Research .(ut) Produce new /\}l Develop new '-
together ot appllcation together .l‘illl markettogether'

pa

e R&Dmvestment e et N/ e S
ST Apphcatlons development : ﬁ; ; %‘ e

- = Joint labs’ collaboration e s
. * Business model research = ’:i a

Cross- mdustry exchange platform '

Europe & @ Japan & China

Autonomous cars Video - VR/AR AT : « Drones
Smart factory eHealth +  Home applications - Service robots
eHealth - Service Robots

innovation
centers
Today's focus




- (A2017-01164) - Page: 4

"’m'u I.A,h;;',;, T AN e S Geg R TS el
Use Case Evaluation & Prioritization
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Smart Grid
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Cloud Based AR/VR to be Key Dnvmg Force of 5G

Retina Experience
16K Resolution + 120fps

Throughput
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Qualcomm HTC Vive
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AR/VR Terminal
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Huawei VR
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Content Producer

'Hu.gwa £

Avoid Motion Sickness
120fps + Rendenng in Cleud

N =71 Latency < 5~9m5

L i Toub
w8, e pa s

Odyssey Youtube Facebook

Broadcast Platform

P>

Gradual formed Industry Chain




B SR

(A2017-01164)- Page 6

s acn

et |

——RMass-Adaption
——Predicted-in-2022-——— " ——

Agceleratod
ptake

u.ﬁ\e coazn

O e K)ulavr*d uptaie B
- - » -
?

Source: Goldman Sachs VR/AR Report Source: Goldm 53Ch= VRIA Repor

- We believe with faster WiFi or cellular technelogi th= hevily: loaded data trans’missi@n

required for virtual reality graphics would be mass adopn@n
— Goldman Sachs Virtual and Augmented Reality 2@16
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X Gbps throughput

Target By 2020 50% Target: By 2020 100M g o
Households > 100Mbps Households > 100Mbps F&SL TT;M SHRCOL

Households > 30Mbps(%) Households > 100Mbps(million)

S8 ..”Faj@?' use case for 56
! é 17:7 o ~ early deployment - © =
E L_4 J__i - EEEEED @”}E_ = y P y“ Tk e G2

2018 2020 Target

|
|
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Source: Broadband Europe Strategy 2015/ FCC 2016
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| Automotive: 5G Focused on Realizing Full Automation
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Road Assistance | Smart Warning .
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Full Automation Case(1/3): Tele-operated Driving

&

== Netweork Requirements for
Tele-operated Driving

8 A PR o
ScalableJoint:

5G Network™ " UL for Monitor ¢ ] i St L e
Video Stream - 1 ‘

Advantage i
+ Dangerous and closed region(harbour , ming) : E2E Latency 5~28ms_
» Less driver needed SERE e T
ST R Reliability.> 99:999%"
« Less complex than full autonomous driving e
‘UL Throughput > 4@8Mbps
A& A :

*2 X 4K HD) stream{ 20Mbps ' per Cameaa-aii e

g e 3 5




(A4-2017-01164) - Page: 10

Brake:sepsing

Dlsz‘ance( 7m) = RTT+ ‘7+3@+_~110) Xi80km/h

(SG Target)
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lﬁFirst Concrete Step of Cross Indusiry Collaboration
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Automotive Association
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Ljndustriai Internet: 5G Enables Smart Manufacturing

Endus%&‘y 3.0 nd rv 4.0 b o £ l\geeds ‘E@r

Comm umc ‘@n
Connected =

Station

Control

Device

e . Satisfy Diversified Requirements
Smart &) »l ‘- { ! ) UL R R S : :
Products i N N :

From Pyramid Mode To Flat Mode .
Hierarchy-based communication Communication among all participants

Source: RAM! 4.0
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| 5G NR Satisfies Diverse Requirements of Smart Factory
s _

Latency
Reliability - =
Throughput Mbit/s-Gbit/s

: L” ~ Battery
Industrial Sensor Production |/ Lifecycle
Mobile Network | | Assistance J
Robotics Sy
: ystem
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; Use Case Standardization ©

Specuun | Ecabler”

i

“ THuawei Efforts on Exploration of Smart Factory

Leocumemd

Wireless coordinated robot via 5G Loading work at port‘ V Smart manufacturing I

Ton T %
2 2 A MEANCG

E2E Network
Latency

5G Enabled Output in Manufacturing by 2035‘7:

Source; IHS The 5G Economy Report, 2017
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;Connected Drones: Wide Commercial Applications
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Transport ' Agriculture : Security Telecommunication

2 Coverage

5G module g=%==2 =~ 1 Low attitude coverage = Real-time information Li Longerservice

3 Real-time data distance

Gharging deck'in
telecom site (24/7
Cruise)

1 Controllable (regulations)

Control center (no-fly zone, route plan

e
% 2:;‘ . T )

-

No-fly Zone’

Through cellular network, we can realize low-altitude coverage, NLOS control, 24/7 autonomous flight, etc.
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& Standardization | Spectrum |
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5G will Empower Connected Drones with more Possibilities

] i
i i
[

5G Massive MIMO Can Better Support LiDAR based
Low- Attitude Coverage

Massive MIMO

Traditional Network Enable 3D Coverage

Reliability - |
>99.999% Throughput

=74 = Lafer;c‘y : >25®Mbp§
in ms level
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AV

Huawei X Labs Keep Exploring 5G Use Case in the Future
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15 Enabier
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| 5G comprises LTE R15 onwards and SG NR

f

5G comprises:

- New Radio . NextGen
« evolution of LTE Advanced Pro '+ Evolution of EPC
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| 3GPP accelerates 5G standardization

e

H

02045 e

‘Rel-13

March

. s s e e ,j'_}i‘
Previous Timeline | 5GPhaset

i

First stage accelerated to meet early demands
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LSGPP Services Goals for 5G Standards

3GPR.R16 e 3GPP.R16
Kick-off Stage’3

‘Q1-2020 Submission to
" IiTU for IMT 2020
:Recommendation

(@fficial iU Decision by

03-2017 08-2017 12-2017 ; i) S £ - @4-2020)°

eMBB

03-2017 12-2017 06-2018 . V 2 14122019

2017 L2018 s e 20190 e e e 82020]

Note: By default the slide shows the status of 3GPP WI (technical specificétions). Ifit is Study ltem work then thére-js a specific statement indicating .Si..‘
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3GPP Services Goals for 5G Standards
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IGPPR16

”KPC‘?L‘H‘E

06-2018
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JGRPR16 . @1-2020 Submission.to
“Stage3 o [T, forIMiT2020° &
O .~ . Recommendation .,

i 5 (@fficial ITWDecision by~
12-2019 ’f e = Q4-2020)

03-2017 08-2017 12-2017

‘3GPP.R16
Stage 3

eMBB O- o L O
” 03-2017 12-2017 06-2018 12-2019 :
2017 2018 2019 e 202050

Note: By default the slide shows the status of 3GPP WI (technical specifications). Ifit is Study: Item woik then there is aispecific statémént indicating SL.
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C band/G30/G40 Potentlally Global Harmomzed SG Bands

Sub6GHz 3.3 '4 3:5 52365+ 3W = 318
Europe
USA e
China
Japan a
Korea m

mmiWave

nfirmed ~WRE- 18 canc idat l D Lp nar,f Mob!e Service band
ely andidats obalip 3nyi VIO ou “Sefvice band
Notﬂ SCOpE \f»NRC uﬁl* 13

3 | sty ' 4 : g'%HUAWEI |
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EU 5G Action Plan

EU 5G pioneer bands::
700 MHz |

3400 — 3800 MHz (“primary”)
24.25 — 27.5 GHz

“EC 5G Action Plan” Spectrum selection Common_timezline's
2 - i Piopas; HE o i e s Commercial .  Seamless coverage
ECC 5G spectrum | ' . : (I majoreity. = = (all majercities

Bandsi?) Bandi@) per country)s «wt o transpoertipaths)
L e e - ’ »

Winter @lympics Broduct R&B . trialsSummen ®lympics

(Feb#1'8) (2018-2020) {Duki20) =

(*) “Radio Spectrum Policy Group strategic roadmap towards 5G for Europe — Opinion on spectrumirelated: aspects for next generation wireless'systems (5G)*
(**) Supplementary Opinion from RSPG (under development) 3 ’
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Acceleration of C-Band Ecosystem Worldwide

C-band globally harmonized C-band Status in Australia

' Available for 5G in 2018~2019 ;
Already used for 5G Trial
‘Available for 5G in 2018~2019

Issued C-band availability fof IMT-2020 services in Australia

I LR g Already partly allocated to operators in Australia

(NBN, Optus, etc.)
Expected for allocation of the remaining part (total of
. 125MHz) of C-band in'Australia in 2018

5G spectrum for Tokyo Olympic
Will be reallocated for SG

2

fssued for 5G in 2018

Available for IMT use

st S Ofcom has decided to recall 3.6-3.8 spectrum an,drauc'ti‘on' if foﬁ 5G usage |
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C-band M-MIMO Boosts Capacity with Affordable Complexity

C-Band + M-MIMO Boosts DL Capacity Support M-MIMO with Affordable Comple»xity

Mbps DL Average Cell

Throughput 1 1.8GHz ‘ - - :
o e e Massive MIM® \\\5 3
L e BU2.6GHz | TN

—=1.8GHz
(20M)
2T2R

{
AN o
’% Massive MIMG) i M 32 5GHZz
f Masswe MIMO
3 5GH2
(100M)
B64T64R .

robability

le—7 -—-\i
(C/ } Ocm

>65kg
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Higher Bands Higher Power @RAN i NR Technology |

Higher Propagation Loss & = - Greater Gap befween " Beamforming mainly for DL
Penetration Loss RAN & UE ., enhancement

UL&DL unbalance could be worse in 5G network,
How to solve it?
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T

ittise Case | Standardizafion”

UL & DL Decoupling Extends (or Band Coverage

Extend C-Band Coverage i ~ NR LTE co: exxstence has been adopted
: mto R15 NR-WID scope(RAN#?S)

Proposed fre‘quency ranges for NR/LTE Co—

> "j ' : Tox exnstence

UL@LF & 3.5GHz ' ‘17]_5_0-1785‘1\'/1“4 \UL)/ 34 GHZ*{}DI’_&.UL? -

]

| DL @ 3.5GHz + UL @ LF i . 832-862MHz (UL)/33-4 2 GHZ DKL -

e )-9 5] & e 2) /3. 3 =2 “v » & ; : s 2
i o Extended Coverage-! 880-9T5MHz (UE)/3.3-4.2 GHZ (DL&U,L)“
ULSDL@35GHz =+ i : ;
D @3 O e  703-748MHz (UL)/3:3-4:2 Gz (DL&UL)
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UCNC UAI
(User €entric No Cell) (Unified Air Interface)

Future proof
UDN Radio slicing
HF & LE Full spectrum
Macro & Micro access
Simplify Mobility Mix-Numerology
Narrow band &
wide band

g;ifF;oEDm; 4nd w-OFD

s Flexible Numerol@y “

Higher

Spectral Efficiency

New waveform &
Multiple Access &
channel coding
Grant free access
Light signaling
overhead

| RAT Agnostic .
. Fechnologies” -

Further spectral
efficiency
improvement
5G innovations
applied te 4G
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Physncal -Infrastructure

&
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WER » e == Geeanie
RAN Transport Core : A
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Adaptive New Radio and Topology as a Service .Cloud-Native Architecture & Internet Architectural Operation
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Open Collaboration for Global Unified Standard

Industry Collaborations Operatar Collaborations

Leading R&D Partner

e SCAA-)

.27 Center o

TPelefonua =

QENgE, .-

5G Research R Stocknoln W :
Centers V¥ :System Architecture V. +Standardization «Verticals o/ inChina
enters ; o *Algorithms - ‘ sShenzhen .Beijing
% e

awar Ganada Wy VioScow, Russia *Shanghai <Hangzhou

= o~ T = g ’/’N‘»-\ ir rorn e = Soo B
on m. Sweden (@} Paris. Erance L8} Munich:\Germany. 5G Research Centers
v

-5G Transmission - -5G'Radio YV «Fundamental +Cheng du
-Network Architecture = Algerithms
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Joint Efforts to Bring 5G into Reality"

56 NR Technologies Trial Full Spectrum Access 5G Network
Field Trial | Architecture Trial.

mmWave

— SO tBank

Telefonica
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F-CEDM

UL 3X connections Saving guard band
DL >1.5X throughput Asynchrenous transmission

R
KT S
e B A

Ié:_
S

MU-MIMO

0.5~2dB gain compared with 24 layers
LTE Turbo Code 3.6Gbps Peak Rate
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C-band & 28GHz
Bual Connectivity

==
L |
. ———
pn—  S—
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i
<

/
1
f

10+Gbps@200MHz BW o 40+Gbps@1GHz BW S R0 '5G’b§_s+'§5@bps
3D Beamforming 8 Users . = - 8+ 8layers
26 Layers 16 Layers s D,

: AL - : : o ey
&)» Compact Design for Verification in Cemmercial Envirenment &Y Unified platform:forlowi&:high'band-.
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DT & Huawei Slicing Joint Demo@MWC 2017

xMBB Slice(AR) GLA Slice(Robot Arm) EMC Slice(4K Video)

=
A
..

Dl N
5G NR SDN Transport Network SGNR SDN T“’”SPOH Network SDN Transpon Network
' ; LTE S0 i

Latency Throughput = Seamless

1 ms 1Gbps Guaranteed User:Experience
E2E Latency Per Connection Low Latency : S B
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