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How can State and City authorities prepare?

Connected Road Foundation Solution Enablement Solve Today’s Transportation Problems

Provide WAN backhaul and Collect and normalize Improve safety, mobility, and
secure sensors sensor data environmental performance
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Edge and Fog Fabric for loT Data

Data normalization,
virtualization, and
translation enable

advanced decision-

making and connected
vehicle applications

Collect and normalize
sensor data

Edge computing
power is necessary
given the amount of

data that will be

produced

CV and ITS deployments should be aligned with agency performance standards and holistic data requirements so that
DOTs can leverage data sources across the organization.



Need for a Digital framework
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Case Study- Connectivity for Austrian Autobahn

Benefits Solution
* Cost-effective Innovation: Reduces need for « Nationwide network built areund Connected
investment through better road utilization Road solutions and loT
* Live Feedback from the Road: Connected roads, « Connected 70,000 sensors and 6,500 traffic
drivers and transit authorities nationwide cameras over a powerful IP/MPLS fiber optic
network with ruggedized routers and

switches

* Fast & centralized communications with
authorities via different radio standards

“By connecting roads and drivers, we can get people the
information they need for a smoother and safer drive.” -

Bernd Datler, Managing Director, ASFINAG
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Singapore LTA

TB of traffic data — edge analytics
at an intersection.

Analyzed data are used by a
growing number of V2V and V2|
applications

Ruggedized network connectivity
is fundamental to data collection

and distribution for implementing

V2V and V2I; safety,
environmental and mobility
applications

Pan Island ERP

Green Link Determining System (GLIDE),
TrafficScan, Expressway Monitoring Advisory
System (EMAS), Junction Electronic Eyes (J-
Eyes) and the Electronic Road Pricing
system.



Existing Process for Fog Detection

Roadside Roadside Windows Terminal Regional Traffic Center Human Action
Fog Sensor Server Polls sensor every 5 minutes
2 hour Round Trip
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After: 1oT/ITS Automation
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DSRC, V2I & V2V, 5G




Dedicated Short Range Communications @

» A short to medium range ITS communications service that supports both Public Safety
and Private operations in roadside to vehicle, and vehicle to vehicle communication
modes. Supports operations related to improvement of traffic flow, traffic safety,
ADAS and enables ITS applications.

e Short to medium range st e Spectrum regulations

communications . allow 802.11p, C-V2X and
Vehicle _3. RSU .

* Low-latency . possibly U-NII)
communications ’f‘\rﬂ\ V/ @ e Supports private

e 7 licensed channels vav Apphcmn communications

 datarate 6-27 Mbps Vehucle serer e \/ery similar allocations in

 Max power: 20 dBm EU and Japan;

* Vehicles moving at 200 Structurally the same

kmph with subtle differences




V2X Communication Modes ©

Vehicle to Cloud Vehicle to Vehicle
(Cloud Applications) (Infrastructure Mode)

Vehicle to Vehicle Vehicle to Pedestrian

(Direct Mode) (Not relevant for now)
G



ITS Applications

ITS applications can be grouped into the following three groups: 1.) Road 2.) Safety
Applications, 3.) Traffic Efficiency Applications & Infotainment Applications. Below are
some of the examples.

Forward Crash Warning

Intersection Movement Assist

Do Not Pass Warning

Blind Spot/Lane Change Warning

Following Distance Warning

Unsafe Driving (Zig-Zag/Speed)

Traffic Light Priority Control

Curve Speed Warning

Road Hazard Warning (e.g. Fog, Ice, foreign object)
Automatic Toll



ITS Safety USQ-CaSGS (I) (Images from Public domain)
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Traffic Flow Control / Queue Warning Cloud-based Sensor Sharing Do Not Pass Warning (DNPW)
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Road Hazard Warning Discover Parking & Charging Blind Curve Warning / (Stalled Vehicle)

mph




ITS Safety USQ-CaSQS (") (Images from Public domain)
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Cellular V2X Communications (C-V2X)

» C-V2Xis a version of the 4G LTE standard. It’s a variation defined in 3GPP Release 14
architecture. C-V2X is designed for low-latency direct communications. Safety
messages (e.g., road hazard warnings) can be sent using low latency transmission
direct communications in the 5.9 GHz ITS band. The data rate is comparable to
DSRC and it offers much lower latency than DSRC. It implements V2V and V2I
modes.

» Evolution to V2X is getting defined for supporting the following use-cases:

O  Vehicles Platooning VX Application

Server

O  Advanced Driving

EPC [{
O  Extended Sensors
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Cellular V2X - Communication Modes

Supports two complementary modes: Direct Communications

» Direct communications between vehicles,
\Vpl| RSU V2l

between vehicles and infrastructure, and vehicles (PC5) (PC5)
and other road users. In this mode, C-V2X works /\
independently of the cellular networks. PC5 @ @
interface operates in ITS (5.9 GHz) band. (,l'é;)

» Network communications, in which C-V2X uses
the mobile network to enable a vehicle to @D

receive information about road conditions. Uu
interface operates in traditional mobile .

) V2N eNB V2N
broadband licensed spectrum. (Uu) (Uu)

o O

Network Communications




IEEE Next Generation V2X Study Group

» |EEE has approved a new study group in 802.11 for supporting next generation
vehicular communications.
» Motivation & Goals

- DSRCis based on 802.11p; defines the OCB mode.

- Products ready with actual deployments, extensive interop, field trials.

- Update DSRC; Introduce PHY/MAC improvements

- 802.11 PHY has evolved after 802.11p amendments, with proven technologies,
e.g. advanced coding, varying symbol/GI durations, higher data rates, longer
range and better high Doppler performance.

« Itis natural to adopt some recent 802.11 technologies for new V2X
applications, e.g. for higher throughput applications, and/or better
reliability/efficiency.

- Backward compatible with 802.11p; IEEE NGV devices will be able to
interoperate with IEEE 802.11p devices; Preserve value and investments in
DSRC.



Coexistence of 802.11p, C-V2X & Wi-Fi

» Coexistence of C-V2X and 802.11p at 5.9 GHz is one discussion topic. They
both use different physical layers and MAC protocols. Their coexistenceims g
will result in harmful co-channel interference issues. There are proposals Q
for defining partitioning framework. However, the operation of these two
technologies in the same geographic area appears to be unrealistic and § %%
impractical.

» DSRC Spectrum sharing with Wi-Fi with the constraint, “No harmful
interference” is the Ask to the regulators

» Detect & Vacate approach. Wi-Fi devices will listen for DSRC: and if DSRC is
not detected, the device will operate in 5.9GHz, but continue to listen for
DSRC. If DSRC is detected, it needs to vacate and wait for availability.
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