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Working with South Korea for 25+ years

1990s 2000s
Digital voice Mobile data
15-95 (COMA) WCDMAHSPA+,

COMAZODNEV-DO

@ Total mobile
connections

2010s

Mobile broadband
LTE, LTE Advanced,
Gigahit LTE
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A unifying connectivity fabric
for future innovations

Like electricity, you will
just expect it everywhere
Multi-gigabit

speed
mblrnHPHHHHHH”H

st Ultra-low
T ¥~ latency

H Virtually
Ex e Ca=rF niimited
rafiabissy . ‘ camm  CAPACY
On-device 1::. =

(@)
©

*
intelligence
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5G NR is a unified, more capable 5G air interface
Expanding the reach of mobile beyond mobile broadband

2 Enhanced mobile — )
broadband « High-bands
Abowe 24 GHz (mmWave)
: i
== «_Mid-bands it
—— LT i
¥ B 1GHzw6GH: 5=i
.ﬁ X, N
7 © ._Low-bands
Mission-critical Massive Inbermet Below 1 GHz
SeIVICEs of Things
Diverse services Diverse spectrum Diverse deployments
Scalability to address an extreme Getting the most out of a wide From macro to indoor hotspots, with
variation of requirements array of spectrum bands/types support for diverse topologies
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Driving the 5G roadmap and ecosystem expansion

=0 [ Rel-17+ evolution

Standalone (SA)
Mon-Standalone (NSA) _;c:-.',b‘ - Rel-16
\ &NR Cc Commercialization
10DTs Field trials i
I/—a\l eMBB deployments in both New 50 NR technologies to evalve
Wearehere |@ mm\Wawve and sub-6 GHz and expand the 55 ecosysten
et d
ﬁmanii-"un'ne Expanded ecosyslem: Industrial loT, private
orm I network, 5G NR C-V2X
“ontinue to evoly e LTE In paral s
C @ @ @ O O Cl
2017 2018 2019 2020 2021 2022 2023+
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LTE Advanced Pro accelerates the 5G mobile expansion

x Drone ) 7=
COMMuUnECalions |_‘. J
i . & Te |1-| s
5G NR W A
o il [@ o ﬂx:w
II'E" 5G NR Sub-6 GHz, E
inabi L and LTE coverage h _

Gigabit LTE g %‘ e nx 1 Gigabi 5G - : g Digital broadcast

VoL TE @® LTElT i ih F:;mTE

5
e Ubiquitous LTE Automotive

Gigabit LTE, VoL TE _{even
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Enabler to the factory Safer, autonomous Reliable access Precision
of the future transportation to remote healthcare agriculture

Efficient use of Private networks for logistics, Sustainable smart cities Digitized logistics
energy and utilitie enterprises, industrial,... and infrastructure and retail

Powering the digital economy
5G will expand the mobile | 1L
ecosystem to new industries ”'$1 2 Trillion

In goods and services by 2035

-_-.F'-‘

* T G Econemy, an indepandcien sudy from [HS ek Penn Schosn Banand and Borkoloy Fesesich Group, commisscned by Cusioamm
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Opportunity to introduce new spectrum sharing paradigms

LAANR-U -ﬁ- Predictable resources
Stand-alone NR-U  Time synchronization W 5G CoMP
provides great potential lo share
spectrum more efficiently -
Synchronized NR-U 111 Spatial sharing
Iy Fair co-existence: : : :
Wi-Fi. LTE-LAA.. 1 B Flexible sharing
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Private 5G networks: dedicated, local and optimized
Opportunity for both licensed and unlicensed spectrum

Low-complexity laT
L - ¥ i

Lskle WMansy b

High-parformance laT
High relabilty & low ey

N

b 1!

Virgless Edge

.1
- . e S B i
Private 5G/LTE network 1 e’ Public 5G/LTE network
Dedicated network for local services , |e-arnd Cove
Optimized for specific usecase
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Designing 5G to meet industrial loT requirements
Key challenge: wireless industrial Ethernet for reconfigurable factories

Private futureproof 5G network for all
services: eMBB, massive loT, URLLC

Ultra Reliable Low Latency Up to 99.9999%

Communication (URLLC) reliability
High reliability, low latency in . . L i
challenging environments Coordinated Multi-point (CoM r?,?l;]:set:;?r

Time Sensitive Networking (T Ethernet

Sfeaﬁgmsrnatﬁ;;ﬂ?g Dedicated licensed, shared/unlicensed
priv spectrum or regional, e.g. 3.7GHz GER
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Boundless mobile XR — experience the best XR anywhere

On-device processing, On-device processing
access to rich content augmented by edge cloud

Premium Photorealistic graphics
XR anywhere and visuals
Efficient on-device processing lo Enhanced experience where possible with
deliver immersive XR new split-rendering architecture
Ltilize connectivity for less On-device processing augmentad by compute
time-sensitive content and downloads located at cloud edge over 5G connectivity
We are doing this today We are working with the ecosystem to enable this
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Instant access to media Connected cloud Low latency online The basics: responsive
and entertainment computing multiplayer gaming web browsing

-

Interactive venue experiences Rich real-time user-generated  Mobile immersive
like live 360° streaming content, like video sharing experiences

Fiber-like data speeds Content/control closer to user E N h a nced an d

Low latency Realization of low latency - |
Uniform performance Customized local value entire y new

Massive capacity Augment on-device processing experiences )

s
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Shaping a new
era of smart transportation
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Smart transportation can benefit
from connected systems —

roads, vehicles, and infrastructure

Cellular and transportation Smart transportation
networks, in partnership, can tap quantifiable
can deliver efficient smart benefits to for
ransportation solutions everyone

With our technology leadership,
map, and proven Al capabilities,
aping a new era of smart transportation
for a cleaner environment and sustainable future
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Benefits a broad range of transportation applications

Ranging from pre-trip planning to en route information through safety services
Tnp ]

i O pLanming | g

Sman ]

fleet information

Tuck,
platcaning

Smart parking ﬁ
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Evolving technologies

to support key transportation use cases

Transportation @&
efficiency -

Pre-¥ia coula and mode plending

Fr——

[ e

F ISion

avoi
/ {via V2V sidelink)

Taleoparation

wia cellular networks

‘W TMC-based traffic

'....Z_ﬁ-..'\l Alfed ge

/ processing
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Reshaping our neighborhoods

Cellular + Transportation networks

Safer walking and bicycling conditions
Reducing cut-through traffic Contribute

to city-level traffic planning

Pre-trip information and multi-modal choices

Greening opportunities

Alert! Minor collision in
area. First responders
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Maximizing

Efficiency

with shared transit and mobility on demand
Safety
Affordability

Reliability

Availability to all
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Bringing a comprehensive ecosys

Driving the future of smart transportation

6 Cloud service providers

== Security framework
dh<! Dataand security’

—

Ir"‘__...-ﬂ:.‘

a
eral Data Profectior HequtBon SGDPRNE
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Facilitating muilti-tiered
services

Pedestrian detection
AR-based navigation
Virtual assistant

D) Context-based
personalized information

Pramiurm

=)

Road safety comes free
Pedestrian 10ft ahead
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Backups
Shaping a new
era of smart transportation
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Driving the 5G technology evolution

Continue expansion to new verticals,

Delivering on deployments, use cases, spectrum
F;.Jt;;re-prmf the 5G vision
”“’"m_-_ e v
Rel-171
Rel-16!

Rel-15

Rel-16 commercialization Commercialization of future 5 releases

LTE essential part

of thie 5G platform
2019 eMBB 2020 eMBB expansion Longer term expansion
. ;T.:uln::r::SWr!E » Beyond smartphone (PC, FWA, _) » Automotive, Smart City, Industrial loT,—
« Mew marketsregions « Privale networks

+ Fixed wireless access
» Mationwide coverage and SA migration = Unlicensed spectrum

—_ 1 ——————— | ——————————
2018 2019 2020 2021 2022 2023+

1 AGPP il gl indecates afipitovil of diudy pachags feocly tam-swoi e e TicEbo), poir wlin e Coetrirasm baryond etafl of rend el Wit Aurclional e oes e ASH 1
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Plan Act
Behavior prediction Actuation control Tele-operations

Behavior planning Drive-by-wire smooth maneuver Data analytics Smart
extended horizon sensors :
Motion planning transportation
Low level sensor fusion -
Simulator and tools

A system approach—autonomy stack

End-to-end system. Active sensing and extend horizon using connectivity and maps
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oG brings
several
features to
autonomous
driving

Perception

15| la] iR ':'-._':I_I:_:|Ii'_ Lt sensor data ana

Path planning

PR LA g T e ST i BT e
intention and trajectony shanng for faste

et sale maneuvers

Real-time local updates

Heal=llme snanng of iocal agaia wWilh inirasirog

other vehicles (e.qg. 3D HDymaps)

Coordinated driving

r xchanging intention and sensor data for more oredictable

coordinated autonomous driving
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C-V2X +
Autonomous
Driving +
Car-to-Cloud

For the next generation
of intelligent transportation systems
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Bringing richer ag
content, and ser

v
Future-proof Driver
designs monitoring
O demand OTA Improved safety

updates, sofi-SKU
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Expanding the digital ecosystem using data

= ©] Py

User data apps Vehicle data Actionable New Personalized
and behavior and diagnostics insights opportunities user experience

.

d
y N5

Car-to-Cloud platform
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C-v2Xx

Standards complete, commercially
available, deployment begun

Broad industry support with 5GAA

Initial focus on basic safety use
cases

5G roadmap expands functionality

Rich sensor sharing

Vehiclos shere intent and percepton

a2y
0 fal amhis Vehi ' On-the-fly connectionless groups

Engbled by reliable multicasi

:-n [ 'I|M|I"2F-|' " - n
AL IR abiEa D pedadkta Benefits in addition to safety
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W 50 VIX sosink

oG V2X sidelink can complement wide-area networks

Managing intersections with 5G V2X
d I & .
fF) Edgelon-device Al
ial-basiad traffhc sannors Tor spaed hommdncsston

g Cellular networks
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Application B

Irrelevant message (o -specific distance)

Applltcatlcn_awa re’l dISFa nce:ba SEd Apphcation-specific distance is determmed based on refevancy
mu Itlcast commu nlcatlﬂn WIth 5G sz Transmiting vehicles adapt ransmission o relevant vehicles within range
can assist in intersection management (R R R e
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Smart RSUs with on-device processing
can complement edge cloud

n . e
H :;:-’ g O
G -

= -

, (-] ; o
| -

Central cloud Edge cloud On-device intelligence
Traffic management center Neighborhood/city/highway Smart RSUs
Big data, Al training, less delay Compute/processing, context, control, Sensing, processing, security, intelligence

sensitive content, storage, - storage, closer o vehicular network
Wehicular networks are highly dynamic

-
Latency couldbe  _  Cooperation between road operators, MNOsY, infra vendors, cloud providers,. —  Latency as
over 100s ms today low 5 1 ms
+ 5G value maximizes from = Immediacy-tasks on device
operators and cily services = Efficient use of bandwidth
= Deliver enhanced and new sernvices = Scalability

= Host, content, processing, . for 34 party
* Local analytics, management, security

Realize 5G's
low latency

Scalability

Performance

Additional
resources

Hew deployments,
{private networks)
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Detect non
C-v2X vehicle

Collocated

RSUs/small cells
can bring multiple

opportunities

Integrated Access and Backhaul

' V2| safety information
| [C-VER sidelink)

(C-V2X sidelink)

MNO network
5G eMBE services

V2N C20 5G
sarvices
(eMBB)

Combine V21 RSU and 5G small cell
radio unit supported by virtual BANS

Meutral host can manage the combined
radio unitRSL — shared by multiple
MMO= and roadside operators

Leverage mmWave Integrated Access
and Backhaul for easier deployment




Smarter transportation infrastructure
creates new opportunities

Basic safety and Advanced safety applications Roadside access can generate
mobility services Smarter RSUs, collocated RSUs and small-cells new revenue models

@ @ @

Today Tomorrow Future
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Sharing roadside
access can generate
additional value for
the ecosystem
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S0

Driving digitally
enabled end-to-end solutions
for smart transportation

- 637 -



Strong C-V2X
momentum globally

5CAAD .
Sep. 2016 LY
BGAA,
Fourssed Cuakomm Feb. 2017
Incaporaied was S Terararchs 53

wrial in France

Jan. 2017 Mar. 2017

ConVeX mal  Rel-14 CVIX
in Gemany apac fralized
announoed

=

lC112) SGAA

Apr, 2018 Jul, 2018

First Eurcea’s first
muti-0EM

Oct. 2017 Jun. 2018
San Diege 18t LS
i deplaymant
A wal in Derrver
gm j ==
aap e
PO, @uunl' &?
ﬂ Panascei m
TN cCain

Qct. 2018
RO

paciarmancs
wmluabon of C-V2X
S5GAASD

Mov, 2018
Paathws 100

Mav. 2018
Ching-SAE
ITS Stack.
Compatislity

Oct. 2018
G-V funchonal
and parioeancn
L
pubitnhed

SCAARS

Fab. 2019
C-VIX integrated
with Chaloomer

Feb. 2019
TELEFONICA!
SEATS ben GV
S0 oema Bl NG
Baroeiona

Jam, 2019
Annguncing
TR
Implsmantabon
in Las Vegss

commsignia

@

Mar. 2019
SMIC project
feai o)

Mar. 2019

e boroer
demna

=
I GonVax 1

5CAAY  5GAAY
May 2019 Mov. 2019 Jan. 2020
2N Live demas ETS1 Eurcpsan
e Tl show C-VIXas  specfications

Eurnpaan Radia
Nov. 2019 Equipment Directive
CAMP {RED)
congestion
contsl poErgen Chirg ICV 2025 Visicn
Iesting by CEM pubiished
Gonsortum
FCC 5 9 GHz NPRM
OIS facsived
Jan, 2020
A deploymant
in Vinginia with
VaDeT
€118
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Over a decade of innovation and core R&D

HW and SW proof-of-concept

Developed prototypes ncluding camera pevceptian, radar
deep leaming, localization, sensor fusion, path, maneuver
and behavior planning; and ralated AVML, tools

Autonomous stack

Invasting for multiple years in R&D 10 develop a
comprehansive sutonomouws highway pilol stack

Continuous road and offline testing

Software-In-Loop and Hardware-in-Loop tests,
real-workd simulations

ADAS SoC and accelerator

Automative Salely compliant scalabde HW - SoCs and
Accalerators, with SDK, framework, tool chain

Embedded testingloptimizationftools

Using existing harcthware 1o 1est and optimize
the system on embedded platform

Dimensioning purpose-built IP

‘Workload and HW sizing for optimized, pumose-ball HW,
SW. compilers, optimizers and algedithms

Qualcomm Technologies’ holistic approach

to solving autonomous driving system challenges
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: Em"m : Radar HD-Map CVaX Lidar
Y0 Fris

Camera Locaizaton Uitrasonic

Dualcomm VEPFP +
Map Fusion

Qualcosman
L2+L3
Quialconea

Scalable and thermally efficient
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Snapdragon Automotive Cockpit,
4G/5G Wireless Platform, ADAS and Car-to-Cloud Platform

Secure, connected-car services and lifecycle management

Q o
> 4 =]
Locaton Dirives moniioning
GNSEVERPP {CPU}
CIX Highway Piot
Ascais]

Feature licensing and
device managament

. n On-cemand Scht SHU configurabon
T, softwars updaies
EG Senaming ideemise HE-H s
i fastres i e au i) h :
= ) Connectivity @ Analytics
~ F=3 40 /56, Talamancs. Advancesd mehiguns
Ve _ Suneillance Reguiateey complance, — Attestation, licensing, JCACHR DN
Configurable chipset capabilities (Camani) S certificates, identity

On-demand hardware/capabilities Qualcomm® Car-to-Cloud Platform
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We provide the enabling technologies

for various mobility services

Users Residents | Drivers | Commuters | Tourists
X ' Foad saf i Shared rids
Applu:atmns safely Personalized experances ared rides
Parking managemeant Traffic afficlency Wallel management
L
Platform ﬁ' Edge-Alicompule &  Aulomakers Q: Ther 1 suppliers
—
MNetwork ”I" MNO 111 Enlerprises ':'E\ Intesned providars
Infrastructure < @ = Ciry services A Tower companies j :_ Highway services
Qur Technologies
& 5 ¢ = ®
Auiificesl Multi-mode DSDA CAV2K Extendad
intalligance modam + RFFE rality

Electronic

Location mformation

L

telling

Driving experiences
Fleat management

%o

WI-Fii BT

7]
i}
=
c
@
w
=
@
E
oy
]
o
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Qualconw

Telematics Infotainment

Uniquely positi
the intelligent

Autonomous
driving

wer
ed future
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Qualcomm

Thank you!

Followuson: f ¥ in
For more information, visit us at:

WWW, I : & www. lcomm.comibl

Naahing in these materials is-an ofies 1o sell any of the
componants o devices referenced herein

itz nifiliated

States and olher
ity b

termarks of ihair ispaciine

OWTS

Referencas in thes presentation to "Cuslcomm” may maa lcomm
ncovporated, Goalcomm Technologes, Inc., and'on other Subsidaries
o business units within he Cualcomim comdye SULCWE, a5
applicable. Chuabcomm Incomporated includes Cuslcomm s licansing
bissingss; QTL. and the vast mapsity of ity patent portiolio. Qualcomen
Technologies, Inc.. a wholly-owmed sulrsidany of Cuakiomm
Incovparated, opomies, slong with is subsidiaries, sutstintialy all of
Dualcomm's engineafing, research and development funclions. snd
subsiantaily all of is product and sewvices Msinesses, inchudng its
semiconducion business, GCT
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