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Huawel was founded in Shenzhen, China’s Special
Economic Zone

@ Huawei, a private company, was founded by Ren Zhengfei and several other investors with an
investment of US$3,500. At that time, the company was a reseller of PBX switches of Hong
Kong Hong Nian Company.

Huawei developed C&CO08 digital switches, which were primarily deployed in rural areas.

Huawel started engaging global top consulting firms for management transformations.

Huawei established its first international R&D center in Bangalore, India.

O 6

Huawei became a preferred supplier for top carriers such as British Telecom and
Vodafone. Revenue from Asia Pacific, the Americas, and EMEA exceeded
domestic market for the first time.

Huawei transformed itself from a CT company to an ICT company and
established three BGs: Carrier BG, Enterprise BG, and Consumer BG.
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Today, Huawel is a leading ICT company

Who is Huawel

o Aleading global ICT solutions provider

« AFortune Global 500 company, ranking 285
in 2014

\_ e Interbrand TOp 100 Best Global Brands

~

o

Market Progress

° US$46.SB revenue in 2014

o Serving 1/3 of the world's population

-

)

/

~

e 45% or 76,000+ employees engaged in R&D

Employees
e 170,000+ employees worldwide

« Linkedin World's 100 Most InDemand
Employers =

~

-

e Carrier :77% Huawei's revenue generated from the carrier

Business Areas

network business is from world's top 50 carriers

o Enterprise . serving more than 100 global top 500
companies

e Consumer : raising the brand awareness to 65%

-
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Globalized resource deployment and localized
business operations
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Technical support center

e Operations in 170+ countries and regions; 170,000+ employees comprised of 160+ nationalities worldwide ; 30,000+ non-
Chinese employees with 75%-+ localization rate.

e Huawei's global value chain allows fluid capability transfer across the globe, develops and retains talent in local countries, and creates
jobs and economic opportunities.
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Achieve win-win outcomes with global partners
through open collaboration

-
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Joint innovation

e Set up 28 joint innovation centers with carriers

e Cooperate with top universities in future technologies

e Collaborate with industry partners to develop joint solutions and
strengthen cooperation on Industry 4.0 and IoT

e Standards il

e Member of 170+ standards
organizations, 185 important
positions

@@accenturew C ) AR sNIA € F,RUM/

i Channel

e Over 280 tier-1 channel partners
globally
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Global Services

( Financing

e Overseas financial
institutions provide 78%
of all debt financing

ISRYTORIZE oS |

-

J.P.Morgan Deutsche Bank 7

S

i Suppliers h

e Non-Chinese suppliers account for 82%,
which are mainly from the US, Europe,
Japan, and Korea
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o
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Long-term investment in innovation

e Continue to invest over 10% of revenue into R&D.Total R&D investment in the past decade amounted to
US$30.7 billion

e NoO. 1 Chinese company with the largest number of patents in China; one of the Top 50 patent holders in the
US; one of the Top 10 patent holders in Europe.

$6.6B

e Top 100 Global Innovators 2014 (by Thomson Reuters) $5.1B

: ; $4.9B , .
e The Most Innovative Companies 2014 (by BCG) Innovatien of applieations

4+ and products.
$3.9B . 3
$2.9B fundamental technologies
$2.3B
%1 4B $1.8B
$TIE
$0.6B $0.7B Strengthen fundamental research
Open innovation

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014  Billion US$
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Huawel French Research Center

Aesthetic
e Mathematics

* Chipset

e Parallel Computing
Internet of Things
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Today's Long Tail, Tomorrow's New Field

Traffic
/Revenue

A

11

Video

5G will enable new applications,
new business models, and even new industries

10Gbps 1ms 1Million
Throughput Latency Connections/km?
Vehicular
Telematics
Massive IoT
AR/VR
ﬁ = MirrorSys High Speed Tele-
P W Railway operation
/e z

J Use Cases

Today's Long Tail A
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5G Will Carry Many Industries and Benefit Stakeholders

Enhance Empower
Mobile Internet Internet of Things
® > < @
A
4 A
Consumers Vertical Industries Operators
*Ubiquitous consistent experience Easy access to the common Easy deployment and maintenance
*New services infrastructure of 5G *Network flexibility for multiple
« Real-time, on-demand service industries

« “Millions of” per AT&T

L
12 HUAWEI




Diversified Challenges and Gaps to Reach 5G

S Latency Throughput | | Connections Mobility Axﬁit’:’; 2:ll.l(l‘e
1 ms 10Gbps 1,000K 500km/n S||C|ng
E2E Per Connections High-speed Ability
Latency Connection Per km? Railway L Required
P al D X
_ . _ JE
= 30-50x 100x 100x 1.5x NFV/SDN
- 30~50ms 100Mbps 10K 350Km/h Inflexible
13
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-Example: movie projectors tomorrow (lasers). - B -

=» 30-50 Mb/s for a single view transmission and Zero-Latency (adaptive) interaction client-server *

&*) For luminance (brightness), chrominance [color), resolution, view point, etc. adaptation

HUAWEI TECHNOLOGIES CO., LTD. Huawei Proprietary - Restricted Distribution Page 14 s'é HUAWEI



'Example: The iCub robot: platform ( WWW. ut |t')

= 5 000 sensors! -~

Sensor | Specs | Bandwidth

Cameras
Microphones

F/T sensors
Gyroscopes

Tactile sensors

Control
commands

Force control
iit, Genova Nov 2014

[G. Metta "RoboticsDerived Requirements for the Internet of Things in the 5G Context,”™ IEEE MMTC E-Letter, Sept 2014]

HUAWEI TECHNOLOGIES CO., LTD.
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~ ., 640x480,
30fps, 8/24bit
<, 44kHz,
16bit
, 1kHz, 8bit
2, 1T00Hz,
16bit
. BOHz,
8bit
3o » 2-4
commands,

100Hz/1kHz,
16bit

Page 15

147Mbit/s
uncompressed

1.4Mbit/s

48kbit/s
19.2kbit/s

1.6Mbit/s

3.3Mbit/s
(worst case),
170kbit/s

(typical)

= Force control latency requirement = 1-5 m o
Sy >

N2 HuAaweEl



-

-Example: Future Car Communications :
=» New Antenna Concepts for MIMO, Integration of 11p and LTE/5G, Mobile Edge Camputmg

Car to Infrastructure @ ~h 'Communicaﬁon requirements

Car to Backend

Cemmunications % o ol . | = 3
v — mmunicatuons et o N - -
- = e Better connection than smart phone

o Reliable for future advanced driver
SREKrAERS assistant systems (ADAS)

High data volumes (>200MB/s) at low
latencies for future cooperative
automatic driving functions (V2V)

Support performance up to maximum
speed (500km/h relative)

Any network operator, regardless
vehicle occupants’ contract (safety
information)

= Cardlan -
I [ 3 - .
Fm 20 AEAT A T i =
i pirs - | il R 3
ud i | — x
n s g = - -
GRS Erall - AMF il o e ¥ - v
Wik BTV e A .
- AR F €A i 5 5 = -

e - EMSS . CarPm " .

[Kathrein Automotive] : M arl illinge . i
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5G Wireless Requirements For FEC

Human Centric Communications:
The user data rate:

IPhone, iPad, iGlass, iWatch
The base station data rate:

cloud computing blade
Machine Centric Communications:
The sensor data size:

meters, telemetric, RFID, ..........

The industry control:
Could-drive-car, factory control ....



Human Centric Visual Communications with
Future Media

Power Consumption Barrier at Device

1 Device 1 Day 2 1 Hour 5G video call
10Gbps - 3600x10%° bits/Hour

1 Device = video call
Today LDPC FEC Decoder: 102)/bit

- Require 100 times simplified encoding/decoding
techniques, yet approach Shannon Limit



5G ( Beyond Smartphone)

Verticals

Auto-drive Medicare

Open OTT

Robots Meters
Sensors

Capacity Speed Latency Links Energy
1000X 100X Less than 1ms 100x 1000X Reduce
(Capacity/km?) (10Gbps)




Key Concerns for Reaching 5G

Spectrum New Architecture &

Operation
|1|||||||
Aggregate All One Physical Network
Available Bands Multiple Industries

20

New Air Interface

_

_———="

Flexibility &
Spectrum Efficiency

»
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5G Will Aggregate Sub 6GHz and the Bands >6GHz

WRC15

Low Band (Core Band) High Band (Complementary Band)

Visible

Linh+
LIGTIL
-

Licensed+ Licensed+
Licensed Assisted Licensed Assisted
Total 1.2GHz Total 20GHz

L
21 HUAWEI



1> VAP
AAj ' a stepping stone in 4.5G towards 5G

-7}}.«

As secondary carriers, LTE carriers at unlicensed bands are integrated to LTE carriers

==
5P
i
Y Non-Standalone Standalone
Licensed LTE U-LTE Licensed LTE U-LTE U-LTE
Primary Secondary Primary Secondary
Carrier Carrier Carrier Carrier

Carrier Aggregation into LTE networks

XYY

& Capacity and service OAM, RRM,
Guarantee continuity Billing

Guarantee

Controlled by Operator Networks




New Air Interface (Huawei Innovations)
Full Duplex

23

Mobile Internet

Adaptive
Air Interface

’
.
¥ ’
-,
-
-
-

F-OFDM

Internet of Things

Mission Critical MTC

One air interface fits many applications with high flexibility,

at least a 3X intrinsic spectrum efficiency improvement

L
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SG Iﬂnovatlons Will be Applied to 4G to Leverage 4G
Alnwestment

2014 2015 2016 2017 2018 2019

R12 R13 R14 R15 R16

5G innovations will be applied to 4G

SG Revolution

4G will stimulate the emergence of new applications for 5G

4G 4_ SG Evolution



did we get here to 4G and 4.5G => 5G

4G 4.56
Dec 2009 Mar 2011 June 2013 Dec 2014 Mar 2016

A Rek10 X Rek1 X Re-12 [~ X Re-13 | >

eNB type/service
+ HeMB: hybrid/open access, ;
inbound mobility, inter-HeNB . - e .
e + HetNet elCIC HeNB: mobility enh eNB service _
Basic LTE « Positioning using OTDOA * HeNB: mobility enh, . FEIEDDCLC " EMTC GRAN mmc
functionalities - eMBMS SIPTOLIPA * Low cost MTC @PHY .
VolLTE « Relay + Network-Based Positioning « D20 + Single Cell PTM
OFDM New air + C5 Fallback *MTC + Positioning * High speed support
interface SON «SRVCC * Service continuity for eMBMS « LTE-WLAN interwork * LTE-WLAN aggregation
TDD and FDD *Mobility robust optimization «SCM + latency optimization

MIMO (MRO) "sﬂﬂmm s S0N * Flexible bandwidth
New System arch *RACH opfimization : :mm e « Network energy saving SON
+Mobity load batancing(L5 ) [ "SR EES -« enhanced MDT - LTEHRPD SON
* Inter-eME Energy Saving (MDT) « Further SOM enhancement + eMBMS MOT

SON
= AAS SON

——_7 - .
4.5G has some key radio features that will form the basis for a 5G system (Massive MIMO, LAA, enhanced
MTC, Latency reduction..)




3GPP work areas in 4.5G leading to 5G

i o (T (e
Flexibile Spectrum Utilization = _
FDD/TDD CA Massive CA Flexible Duplex
FeMTC | Single Cell PTM |  D2DNV2V
Flexible Service Extension :
oy ' Latency High Speed
$OSONInGg SRic ‘ Optimization = Scenario Support

Enhanced Multiuser | 3D MIMO Uplink
_ Transmissions Enhancement
Flexible Network
Small Cell Enh. ‘ LTE-WLAN Multi-RAT Joint
/Dual Connectivity Aggregation Operation




A Global Unified Standard for 5G

WCDMA
EV-DO
TD-SCDMA LTE-FDD
Mo Global Unified
WiMAX E Standard
Global Scale
WLAN Roaming | Economics
Other Industries
. . HUAWEI



A New Initiative to Align the 5G Networks

2014 2015 2016 2017 2018 2019 2020
WRC-15 WRC-19
(5] vy _
@ @ @ @ W @ @ O @O O @ @ W @ & @ @ @
Report Technology trends. Technical Performance Proposals “IMT-2020"
(M.2320) Requirements

Evaluation

Report IMT feasibility above 6 GHz
Evaluation criteria & method Consensus building

Recommendation Vision of IMT beyond 7 n Outcn_arrne &
Requirements, Evaluation Decision

Criteria, & Submission Templates

Modifications of
Resolutions 56/57

“IMT-2020" Specifications

doys>pons

Circular Letters & Addendum

Background & Process

- OPEN NETWORKING
- FOUNDATION
b

Werld Class Standards

ITU-T FG IMT-2020 wire-line

28 % HuAWEl




Consolidated Front haul & Backhaul — one Fixed Networks

Cloud/C-RAN virtualizes all 5G compute resources
o
R— C-RAN
() o Eront  —

100us, +/- 8ns

C-RAN requires ultra low delay/jitter ‘front-haul’
One option is use of dedicated fiber per antenna site

Allows C-RAN to send I/Q samples at ultra low delay/jitter

C-RAN communicates with antenna sites and other 5G
components over same network.

Network now has to support ultra low delay/jitter and
provide extremely precise clocking.

Work starting in IEEE but needs CPRI / division changes

»
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SDN/Transport-SDN for back-haul/front-haul/DC/DCI

S W)

o) My  C-RAN

@\T

\‘

L)) B (((Q =

¥
? ) (( @/

mm-wave

LO/L1/L2/L3

5G ORCHESTRATION
5G APPS

DC -L3..VM

Multiple SDN/TSDN controllers
Allocate B/W connectivity

Reconfigure optical network
Reconfigure IP network
Reconfigure microwave network
Reconfigure DC network

Allocate DC resources for EPC
Allocate resources for C-RAN

Consolidated view for services.

[
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Optimized NFV/SDN for EPC/TE/C-RAN etc.

NFV f=HW

?)
N\
. 9

S \
(@i’)}.

®

o

\\

(@/

? ) ( @/

Forest of trees IP/OPTICAL
mm-wave ILP ILP/LP etc.

C-RAN FFT

SVD/M1 etc.

Hybrid CPU/FPGA (Intel 2017)
Allow massive parallel
programming

Can do LP/ILP/Convex/FFT etc in
HWI/Software hybrid

High performance f()=DPI

High performance packet
forwarding

Problem — very hard to program

[ )
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RESULT




Result = A New Consolidated Architecture & Operation
for 5G top to bottom.

Video Industry
Network Slice

Connected Car
Network Slice

IOT Network Slice up CP

Industry defined network slicing
Consolidated network
High efficiency/High B/W air I/F

33

Configure Session/Mobile/Policy

One Infrastructure

Service oriented cloud-formation
Accelerated and virtualized
key functions w.o custom H/W

Developer

Consumer

Partner

Operator

Internet architectural
operation/orchestration

[
HUAWEI




System lrifo. @ 2000 BW
Mes:
Lagor :

TFT 1205 Ghpe
BE: 51.6024 Bz
SHR w1152 Ll

IU - UL | Ghps

200MHz BW



Huawei 5G High Band Test Bed

9.6GHz BW




What about fixed access technologies?
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Spectral Efficiency for fixed and Wireless Technologies
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HUAWEI

THANK YOU

BUILDING A BETTER CONNECTED WORLD

Copyright©2015 Huawei Technologies Co., Ltd. All Rights Reserved.

The information in this document may contain predictive statements including, without
limitation, statements regarding the future financial and operating results, future product
portfolio, new technology, etc. There are a number of factors that could cause actual results
and developments to differ materially from those expressed or implied in the predictive
statements. Therefore, such information is provided for reference purpose only and
constitutes neither an offer nor an acceptance. Huawei may change the information at any
time without notice.




