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Region-wise Connected Cars Forecast

Changing preferences and consumers embracing new technology have driven growth in connected cars,
even in emerging markets.

Connected Car Outlook: Connected Cars Forecast, Global, 2018-2025
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+ Europe is expected to see an increase in connected vehicles with eCall mandate in place and OEM partnering with TSPs
are accelerating the adoption in a short timeframe.

+ North America continues to dominate the connected cars market with GM having the majority of their vehicles connected,
followed BMW and Mercedes.

Source: Frost & Sullivan

X2 ZX: Global Connected Car Market Outlook, 2019, Frost & Sullivan
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Global Connected Cars Forecast 2016-2017

Dominated by the likes of Ford and GM, the recent addition of LTE by FCA Group makes North America the leader.
LTE in Europe is catching up; the eCall mandate will push mass penetration of LTE-enabled telematics.

Connected Car Outlook: New Cars Sold with Connectivity, Global, 2016 and 2017
Apart from infrastructure developments, adoption of LTE depends on OEMSs, which eventually is driven by
customer demand. US consumers are willing to pay for safety and security features. Also, the diversity in
Europe makes it difficult for a standard rollout. Brazil is expected to slow down due to economic turmail.
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XtE=X: Global Connected Car Market Outlook, 2017, Frost & Sullivan A

Features Vehicle-to- In-Vehicle
on-Demand Everything (V2X) Payments
© G

o] ;\0

E-commerce inside vehicles OEMs are actively exploring new Updates on various V2X An overview of payment types and
business models like FoD communications protocols eco-system

Digital Assistants Automotive
Biometrics

Recent developments, Alexa and Key application areas for
evolution Biometric technologies and
players

Source: Frost & Sullivan

X2 ZX: Global Connected Car Market Outlook, 2019, Frost & Sullivan A




Trend 1—Marketplace
With in-vehicle payments being integrated by many OEMs, products and services can now be availed in the
comfort of the car. Soon, more services that don’t require owners to be inside the vehicle will be launched.

+ According to a study by VISA, over $200 billion in purchase initiations are happening during commutes. With average
commute times of between 15 and 80 minutes, consumers are being drawn towards ecommerce.

+ In automated driving scenarios, the there is a high likelihood of in-car ads converting into the purchase of products and
services, making this model scalable and promising.

+ Fuel and parking
° In-vehicle Marketplace + Ordering and paying for food,

+ Making restaurant reservations

+ Booking hotels
e Car access-based Marketplace + Navigation to user’s destination

+ Service offers from preferred dealerships
+ Finding connected brands and valuable offers

Key Points—Driver Distraction

* Marketplace limits options to reduce driver distraction, for instance a Starbucks customer can order from the car
while it is being driven, but with only a few choices, based on previous orders.

* Hyundai Blue Link and Genesis Connected Services are already integrated with Alexa and will be a USP for
Marketplace implementation, as new Alexa skills for making transactions will reduce driver distraction in the future.

Source: Frost & Sullivan

2EN: GIoba-I Connected Cér Market Outlook, 2019, Frost & Sullivan

F4E|EF} EBIE _ Features on Demand™

FoD Packages—Over 30 Potential Services
Dealership-based retrofit hardware and OTA/dealership-based service launches are expected. While Tesla
currently offers one-time purchases, on-demand recurring purchases will be available in the longer term.

Infotainment & Telematics ‘=" Powertrain Performance H
- and Electric Vehicle

In-vghicle Wi-Fi - Drive Mode Updates (sporty, dynamic, comfort,
Media packages efficient etc.) based on

Productivity suite o Steering

Concierge

o Suspension
o Transmission
- Off-Road Package
- Acceleration/BHP
- Range Extension for electric vehicles
= Automatic/Manual Transmission
- Increasing Speed limits - Germany
= Supercharging

= Smartphone Interfacing and entertainment apps
Personal Digital Assistants
Remote Diagnostics, Prognostics + On-demand Mechanic
Gaming and entertainment

ADAS and Autonomous éﬁu

- Hill, Highway Assist
- Adaptive & Predictive Cruise Control

*
+ |

- Autonomous Valet Parking Value Adds -"f?
Auto Pilot
Traffic Jam, Intersection Assist - On-demand Insurance
Severe Climate Package = 2 Free feature upgrades every year
+  Driver/Chauffeur Monitoring
» Remote Vehicle Operation 5
Platooning for Businesses Smart Interiors lﬂ
and Exteriors =

Location Based Services ‘@2 = Personalized Interiors (Lighting, Perfume, HVAC)

Mobility Services - Projector s and on-demand screens/BYOD ports

Fuelling ; Skins for Ul
Tolling - -Joumey Planning - Seating - recline and movie mode

4 = Last Mile travel options s
Parking - E-hailing Premium Audic
Charging 7 ' »  Public Transportation schedules and ticket - Auto Climate adjustments — Lights, Wiper
On demand repair and Mechanic purchase = Panoramic roof
Geo-fenced personalized POls - Car Rental, sharing in OEM programs - Additional storage
Mapping = Boot deliveries

Source: Frost & Sullivan

X2 ZEX: Global Connected tar"Market Outlook, 2019, Frost & Sullivan
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Trend 3—V2X: Cellular-V2X and DSRC Players

With the sheer number of partnerships and announcements, C-V2X adoption is more evident while more
system integrators are expected to launch products which are both DSRC and C-V2X capable.

-

Keysight Technologies ' Qorvo

Keysight's C-V2X test solutions aim to address challenges such as
up-to-date standards adherence and future-proofing to
accommodate 5G capabilities.

At CES 2019, 5GAA (a consortium of major automakers and
telecom companies) announced the launch of 5G-based C-V2X
technologies which will be on the road by 2020. Qual

Recently, Ford announced that starting 2022, all new vehicle
models will have C-V2X technology deployed. It is currently
running a pilot project for testing C-V2X technologies in China.

In partnership with the Australian govemment and Telstra, L exus
trial 4G network-based C-V2X technology on its two RX 450h F

R radios and has also shown dominance by deploying RSUs
LG Innotek worldwide.
Using the Qualcomm 9150 communication chip, LG Innotek has Key Points

introduced an L TE-based C-V2X module which can be readily used
on any automakers’ cars in any region.

Quectel
Quectel, an loT module maker, has developed a C-V2X module that * Except for a few players like Toyota and GM, DSRC has taken a
supports V2V, V2 and V2P using Qualcomm 9150 chip. back-seat in terms of commercial application due to a lack of
\ regulatory support. /

‘\

Their CES 2019 demonstration showed a module that solves both
C-V2X and DSRC challenges using Qualcomm 9150 chip.

Danlaw
Danlaw launched On-board Unit (OBU) and Roadside Unit (RSU)
which are based on Qualcomm 9150 C-V2X chip in order to improve
safety, automated driving and traffic efficiency.

Autotalks _
Autotalks recently introduced a chipset which is capable of

supporting both C-V2X and DSRC communications for mass market
adoption.

SGAA

Ford

Continental
Continental’'s hybrid V2X solution enables C-V2X and DSRC
mmunication for both 4G and 5G networks. A V2X product
lopment for. China and C-V2X frials in Japan are underway.
Savari
= Savari's StreetWAVE 2000 device incorporates DSRC and C-V2X

Lexus

*  C-V2X solutions are preferred over DSRC as companies are
witnessing commercial launches of 5G connectivity and its
associated benefits.

Source: Frost & Sullivan

XtZ2ZEX: Global Connected Car Market Outlook, 2019, Frost & Sullivan A

V2X—Regional Updates

Most regions are in favor of C-V2X adoption and it is evident that the technology will see commercial launch
in 2019 with cellular LTE-based network access, as 5G is not yet in full swing.

+ Debate on the implementation of ITS-G5 (802.11p) or 5G (LTE) is still active and
agencies such as C2C-CC, mobile operators, ETSI have divided opinions.

- C2C-CC and ETSI are lobbying for G5 solutions whereas mobile operators are
Ppushing towards 5G-based solutions such as C-V2X which are easier to implement.

+ BGAA is aggressively pushing for 5G-based C-V2X solutions through a plethora of
members such as Qualcomm and others who support the initiative.

+ Many technology providers are introducing hybrid solutions and OEMs will be
introducing both DSRC and C-V2X solutions as early as 2020.

China

+ Todrive C-V2X adoption, Chinese MIIT has assigned use of 5905 — 5925 MHz as
the experimental frequency band for testing.

+ Qualcomm is expanding its horizons to China by partnering with automakers to
push for LTE-based C-V2X introductions.

Japan

= With backing from the Japanese government, V2X communication standardization and
development are in full swing, with the deployment of the 5.8 GHz DSRC standard as a
case in point.

= The ITS Connect and ITS Japan consortiums are leading the support for V2V and V2!
applications, which are mainly safety related. '

Source: Frost & Sullivan

XtZ2EX: Global Connected Car Market Outlook, 2019, Frost & Sullivan A
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V2X Communication Protocols

C-V2X is more promising than DSRC technology. Trials have been successful and cellular companies will
make most of this opportunity regardless of which technology is introduced first.

V2X Market: V2X Communication Protocol, Global, 2019

(lll)) Cellular

-

Cellular based Vax sclunon relies on
network access in the 4G/LTE/SG
spectrum to communicate with various

entities.
Audi Qualcomm
BMW Group Quectel
Ford Keysight Technologies
LG Innotek
Honda
Lexus
Mercedes Benz
PSA Group

Ready for deployments in
2019-20. Push from
regulatory bodies required
for successful
implementation. ]

w.

~—

‘\\ ]

Key: 5.9 GHz frequency range is dedicated for all V2X applications.

MDIDT ﬂ_ Pedestrian

W%ﬁ I

4—»
V2X (mainly V2V and V21) applications,
relying on IEEE 802.11p Wi-Fi
communication, to interface with all the

devices.
GM Qualcomm
JLR Savari
Toyota
Volkswagen

Gained much prominence

after successful trials and

will be deployed as early
as 2019.

\ . /_,;

Hybrid
(C-V2X & DSRC)
Cellul .

Solutions and applicatiuns that rely on
a mixed use of both C-V2X and DSRC
communication.
Techncelogy providers
such as Auto Talks,
Qorvo etc. are some of
the front runners to
introduce modules. OEMs
in this space are
unknown.

As of 2018, Technology
companies are already
introducing hybrid chips

and deployments will
follow respective /
\\ timelines. A

Source: Frost & Sullivan
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VSC : Vehicle Safety Communication

o V2V/V2l| 2k MH|A B2, JHE, Bt

CAMP

Vehicle Safety Communications Consortium

DAIMLERCHRYSLER
Rssearch sed Yechnclogy Nerth Aemrcs, b

EREX

IVI Light Vehicle Enabling Research Program

VSC (2002-2004)

SA0 2dl Ol12IIsoH XD SAE X o™ HHIASS HIt
(BMW, Daimlerchrysler, Ford, GM, Nissan, Toyota, VW)

EEBL (2005-2006)

EEBL(Emergency Electronic Brake Light) AH|A JHE & T}
(BMW, Daimlerchrysler, Ford, GM, Nissan, Toyota)

VSC 2 (2006-2009)

1) CICAS-V(Cooperative Intersection Collision Avoidance System)

project

2) VSC-A(Vehicle Safety Communications—Application) project
(DOT, Daimlerchrysler, Ford, GM, Honda, Toyota)

0 34T MH|A Q31 V2V 4F V2| 4F WL

AHIA AR /OH e

3482 MHIA HT, V2V A4S V2| 45 Y

o3 2 1) HIAIRI TH2! AFOI= @ 200~500 Byte (8= A HIA)
2) XU sS4 AHel : 50~300m (8Z MHIA)
3) Latency : 100 ms — 63

Broadcasting

20 ms - 2
4) Pre—Crash Sensing2 point—to—point A8t&k 752 ctatst FI|A

Cooperative Safety MHIA[ALH)

O|= : VSC 345 AH|A

V2l 19 Services

Blind Merge Warning

Curve Speed Warning

V2V 15 Services

Emergency Vehicle Signal Preemption

Approaching Emergency Vehicle Warning

Highway/Rail Collision Warning

Blind Spot Warning

Intersection Collision Warning

Cooperative Adaptive Cruise Control

In Vehicle Amber Alert

Cooperative Collision Warning

In—Vehicle Signage

Cooperative Forward Collision Warning

Just—=In—-Time Repair Notification

Cooperative Vehicle—Highway Automation System

Left Turn Assistant

Emergency Electronic Brake Lights

Low Bridge Warning

Highway Merge Assistant

Low Parking Structure Warning

Lane Change Warning

Pedestrian Crossing Information at Intersection

Post—Crash Warning

Road Condition Warning

Pre—Crash Sensing

Safety Recall Notice

Vehicle-Based Road Condition Warning

SOS Services

Vehicle—-to—-Vehicle Road Feature Notification

Stop Sign Movement Assistance

Stop Sign Violation Warning

Visibility Enhancer

Traffic Signal Violation Warning

Wrong Way Driver Warning

Work Zone Warning




SAE J2735 Defined Messages

ID Messages Typical Use Status
0 Reserved N/A
MSG_A_la_Carte V2X
2 MSG_BasicSafetyMessage (BSM) vav Used by USDOT program & other ITS industry
research
MSG_CommonSafetyRequest V2?
MSG_EmergencyVehicleAlert
5 MSG_IntersectionCollisionAvoidance | V2X
6 MSG_Map 12v Based on USDOT previous project. Used by various
demo/research program
MSG_NMEA_Corrections 12V
MSG_ProbeDataManagement 12V Used by VII Proof of Concept (PoC) project
MSG_ProbeVehicleData v2i Used by VII PoC project
10 | MSG_RoadSideAlert
11 | MSG_RTCM_Corrections 12v Based on USDOT previous project. Used by various
demo/research program
12 MSG_SignalPhaseAndTiming 12v Based on USDOT previous project. Used by various
demo/research program
13 MSG_SignalRequestMessage Va2l
14 | MSG_SignalStatusMessage 12v
15 | MSG_Travelerinformation Message 12v Used by VIl PoC & will be used in Model

Deployment (Curve Speed Warning) I
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Dynamic Map

Hierarchical structure of digital ‘Map’ layered by time frame

Time frame Linked layers

Dynamic ( <1 sec)

. .

Semi-dynamic (<1 min )

Semi-static ( < 1 hour) /

Static (Simonth’)

Information through V to X
= surrounding vehicles

* pedestrians

+ timing of traffic signals

Traffic Information
* accidents

+ congestion

+ local weather

Planned and forecast
« traffic regulations

* road works

+ weather forecast

Basic Map Database

« Digital cartographic data

+ Topological data with unique
* Road Facilities
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C2C-CC : Car to Car Communication Consortium
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Connected Automation for Greatest Benefits

—

)
Autonomous Vehicle |
|: \Q\‘ . i ‘U

~—

Operates in isolation from other
vehicles using internal sensors

Connected Automated Vehicle

Leverages autonomous and connected
vehicle capabilities

Connected Vehicle

Communicates with nearby
vehicles and infrastructure

U.S. Department of Transporation
ITS Joint Program Office 10

Xt2Z&X: US. DOT Automation Program, Kevin Dopart,
ITS Joint Program Office, OST-R, U.S. DOT, July 23, 2015
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Connected Vehicle Milestones

August 2014: NHTSA ANPRM on vehicle-to-vehicle communications

May 2015: Secretary Foxx V2V announces V2V rulemaking acceleration

Summer 2015: FHWA V2I guidance document

Fall 2015: First wave of CV Pilots to begin

End of 2015: V2V NPRM interagency review

New cars with connected vehicle technology are expected to be available

by 2017.
EEE

U.S. Dep of Transp {
ITS Joint Program Office "

Xt2ZEX: U.S. DOT Automation Program, Kevin Dopart,
ITS Joint Program Office, OST-R, U.S. DOT, July 23, 2015 A
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» MLIT : Development of Advanced Infra Systems for Automated Driving (C-AHS)

* LDM based on precise digital map

+ Seamless V2X communication Module

* Real-time road traffic information collection systems

« Improvement of road structure for precise positioning and sensor perception improvement
* Road structure construction manual for autonomous vehicle driving

* Budget : $27.5 Million
(including private funding)

5 years (2015~2020)

» 2 demonstrations in public
interstate highway (4 cars)

* MLIT : MLIT Ministry of Land,
Infrastructure, Transport and
Tourism

o LDM (Local Dynamic Map)
N
A S

— Road Incident \\

= =
. s P Weather, Traffic

A ? S
£ =
- = ; Road Characteristics

Precise Map

o CAV

-Precise Positionin

CAV
— Control
-‘Vehicle Sensors
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Truck Platooning Systems

Overall Architecture of Platooning System (Figure 1)

Back Office (BO)

- ;‘ 3 ~,
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rd R " F Fd ~, LY
# Platooning Control - Vavi AN \!
| System (PCS) \i\ |
! Form i PR !
! - Join/Merge | ¥ T 1
! R i !
: Dissolve ! = :
: | Platoon (Stable State) | Leave/Split { o }
\ /' \ e ] s

/ 7\
Platooning Operation
| Platooning Maneuver Control Function (PMCF) Control Function (POCF)
V2l Vehidle to (from) Infrastructure [ ACC or CC(or Manual) status CACC status

gARI

VZN: Vehicle to (from) Network

Truck Platooning Systems

PIatooning_; Control System (2/2)

‘ Platooning Operation Control Function ( POCF) ‘ ‘ V2V is mandate and 12V is optional ‘

Control function to relate the modes and transitions from Form to Dissolve of Platoon
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