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Toward 5G vehicular networks

The automotive industry is undergoing key technological transformations,
more and more vehicles are connected to the Internet and to each other,
and advance toward higher automation levels.

Future automated vehicles will have to rely not only on their own sensors, but also on
those of other vehicles, and will need to cooperate with each other.

These trends pose significant challenges to the underlying communication system
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Objective of the tutorial

* To provide a general view of connected vehicles and the relation
with autonomous vehicles

* To illustrate wireless enabling technologies for connected vehicles
* To provide a vision on the road to future 5G vehicular networks

* To show some recent research results on connected vehicles

* To provide useful references for future personal researches
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Who we are

Researchers at CNR-IEIIT
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Outline

Partl: Introduction and applications

* Toward autonomous vehicles

* Present, future and visionary applications for the vehicular networks

* Standardization bodies and main technologies for the connected vehicles

Partll: IEEE 802.11p/ITS-G5
* Large scale experiments
* Standardsoverview

* Performance

Pat Ill: LTE-V2V

« Why LTE-V2V

* LTE-V2V standard overview
* LTE-V2Vvs. IEEE802.11p

Part1V: Towards 5G

* Introductionto 5G
* Full duplex radios and the possible impact on vehicular communications
 Complementary technologies for the Internet of vehicles: visible light communication
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Autonomous
vehicles

and (or vs.?)
connected vehicles




When vehicles will talk to each other

 http://spectrum.ieee.org/cars-that-think/transportation/self-
driving/autonomous-driving-experts-weigh-5g-cellular-network-against-
shortrange-communications-to-connect-cars

Autonomous Driving Experts Weigh 5G Cellular Network Against Dedicated ...

® 00:16 <)
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Toward 5G vehicular networks

* We have a great talking about robo-cars

* We think about travelling on an autonomous
vehicle

e But we still no have connected vehicles

Can a vehicle be fully autonomous without
connectivity?
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Autonomous and (or vs?) connected
vehicles

Autonomous and connected vehicles are now running on parallel highways
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Autonomous vehicles
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Autonomous vehicles

In order for a car to drive itself,
it needs to be able to see the world around it.

A processor
reads the data
and regulates
vehicle behavior.

A laser sensor scans
360 degrees around the
vehicle for objects.

Radar measures
the speed of
vehicles ahead. |

A wheel-hub sensor
detects the number
of rotations to help
determine the car’s
location.

An orientation sensor
tracks the car’s
motion and balance.

Source: Google Raoul Ranoa / @latimesgraphics
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Why autonomous vehicles

The main drivers for automated driving are:

*Safety: Reduce accidents caused by human errors.

*Comfort: Enableuser’s freedom for other activities when automated systems are active.
*Social inclusion: Ensure mobility for all, including elderly and impaired users.
*Accessibility: Facilitate access to city centers.

Efficiency and environmental objectives: Increase transport system efficiency and
reduce time in congested traffic. Smoother traffic will help to decrease the energy
consumption and emissions of the vehicles

http.://www.ertrac.orq/uploads/documentsearch/id38/ERTRAC Automated-Driving-2015.pdf
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Driver 1: Safety

A AAA

Approx. 2.6 s Approx. 1.6s Approx.0.6s

before the accident* before the accident before the accident

Visual and acoustic After the audible warning has  If the driver has still failed

collision warning been repeated three times: to respond: autonomous
PRE-SAFE® Brake automati- emergency braking

i : . b : ' Source: Mercedez-Benz
cally initiates partial braking ~ with maximum braking

if the driver has not responded  performance to reduce
impact severity

*Time calculated by the system until the impact where the relative speed remains unchanged

- drivererroris a factor in 94 percent of crashes [FutureStructure2017]

- "asfew as 5 percent of vehicles being automated and carefully
controlled, we can eliminate stop-and-go waves caused by human
driving behavior” [University of lllinois College of Engineering]
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Driver 2: Comfort

Source: Adient
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Driver 3: Social inclusion

Source: google

Driver 4: Accessibility

B. Friedrich, Verkehrliche Wirkung Autonomer Fahrzeuge, in: M. Maurer, J. C. Gerdes, B. Lenz, H.
Winner (Eds.), Autonomes Fahren, Springer-Verlag, Berlin, 2015, Ch. 16, pp. 331-350.

suggests capacity gains of up to 80% on highways and of up to 40% on urban
roads compared to today if all vehicles on the road were fully autonomous.
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Driver 5: Efficiency

Optimize the transport system and reduce pollution

According to Daniel Work - University of Illinois, with as fewas 5
percent of vehicles being automated, we can eliminate stop-and-go

waves caused by human driving behavior.”

But before coming to full capacity, autonomous vehicles could mean more traffic: If
nondrivers, seniors, and people with medical conditions could access automated mobility,

Samaras’ research shows, U.S. vehicle miles traveled could increase 14 percent.

http://spectrum.ieee.org /transportation/self-driving /the-big-problem-with-selfdriving-
cars-is-people
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Classification of “Automation” in
vehicles

SAE classification
Society for Automotive Engineers

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT

HUMAN DRIVER
MONITORS DRIVING ENVIRONMENT

5 e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

http://www.sae.org/misc/pdfs/automated driving.pdf
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Classification of “Automation” in
vehicles

g,

Level O:

Human driver controls
all: steering, brakes,
throttle, power.

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT

: e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER
MONITORS DRIVING ENVIRONMENT

http://www.sae.org/misc/pdfs/automated driving.pdf
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Classification of “Automation” in
vehicles

Ex: anti-lock brake systems (ABS),
electronic stability control (ESC)

Level1:

Most functions are still
controlled by the
driver, but a specific
function (like steering
or accelerating) can
be done automatically
by the car.

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT
MONITORS DRIVING ENVIRONMENT

5 e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER

http://www.sae.org/misc/pdfs/automated driving.pdf
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Classification of “Automation” in
vehicles

The vehicle is capable of controlling the
steering, throttle, and brakes—think
adaptive cruise control and lane keeping—
but again it's the human's job to maintain
situational awareness. Ex: Tesla and its
Autopilot

Level 2:

At least one driver-
assistance system is
automated. Driver is
disengaged from
physically operating
the vehicle (hands off
the steering wheel
AND foot off the pedal

at the same time). AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT
MONITORS DRIVING ENVIRONMENT

5 e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER

http://www.sae.org/misc/pdfs/automated driving.pdf
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Classification of “Automation” in
vehicles

Things start to get really interesting

Under defined sets of conditions (like being on a divided
lane highway or within a well-mapped, geofenced area), the
car can do it all, including monitoring its environment for
other cars, hazards on the road.

But the human still has to be in the loop as a fall-back in
case there's a system failure or the conditions for Level 3:
autonomous driving come to an end (say, leaving that Driver shifts “safety-

. . . critical functions” to
highway and reentering two-way traffic). the vehicle under

certain traffic or
environmental
conditions.

AUTOMATED DRIVING SYSTEM

MONITORS DRIVING ENVIRONMENT
MONITORS DRIVING ENVIRONMENT

: e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER

http://www.sae.org/misc/pdfs/automated driving.pdf
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Audi Level 3

Things start to get really interesting

Under defined sets of conditions (like being on a divided
lane highway or within a well-mapped, geofenced area), the
car can do it all, including monitoring its environment for
other cars, hazards on the road.

But the human still has to be in the loop as a fall-back in
case there's asystem failure or the conditions for
autonomous driving come to an end (say,.leavingithat
highway and reentering two-way traffic).

Level 3:

Driver shifts “safety-
critical functions” to
the vehicle under
certain traffic or
environmental
conditions.

https://arstechnica.com/cars/2017/07/bosch-took-us-for-a-ride-in-its-level-3-autonomous-car/
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Audi A8 Sedan Level 3

The new A8 will be the world's first production level 3 autonomous car in 2018

All-wheel steering. Adaptive air suspension that uses optical cameras to read the road ahead. A lidar,
radar, and camera-enabled level 3 autonomous driving mode for highway trafficjams. An all-new

"black panel" cockpit with a new version of the multimedia interface (MMI) infotainment system.
The rear seats can even give you a foot massage!
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Classification of “Automation” in
vehicles

Beyond level 3 are what we think of as completely autonomous
cars; you give it your destination and it takes you there with no
human input. Level 4 autonomous cars will still only do that in
certain use cases—again, think well-mapped geofenced areas

Level 4:

Fully autonomous
vehicles perform all
safety-critical driving
functions in certain
areas and under
defined weather
conditions.

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT
MONITORS DRIVING ENVIRONMENT

5 .-

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER

http://www.sae.org/misc/pdfs/automated driving.pdf
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Bosh Al for level 4 autonomous vehicles

Artificial Intelligence (Al) provides:

Level 4 capabilities promised by
*Detection: understanding the world theend of 2018
around the vehicle

Level 4:

N , .
*Localization: using what’s perceived to Fully autonomous

create a detailed local map vehicles perform all
safety-critical driving
functions in certain

*Occupancy grid: building a real-time areas and under
. . defined weather
3D environment around the vehicle

conditions.
*Path planning: determining how to Bosch Al Car Computer
proceed along the mapped route Enabling highly Autonomous Vehicle
https://blogs.nvidia.com/blog/2017/03/16/bosch/

*Vehicle dynamics: calculating how to
drive smoothly

Operations / Second

@iamn



Classification of “Automation” in
vehicles

Level 5 is the full "go anywhere, let me just sleep or watch
movies and tell me when we've arrived" robotic vehicles

Level 5:

Fully autonomous
system is equal to that
of a human driver, in
every driving
scenario.

AUTOMATED DRIVING SYSTEM

MONITORS DRIVING ENVIRONMENT
MONITORS DRIVING ENVIRONMENT

: e .

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

HUMAN DRIVER

http://www.sae.org/misc/pdfs/automated driving.pdf
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Levels of Automation

SAE

level Name

Human driver monitors the driving environment

Automation

Driver

Assistance

Partial

Automation

Automated driving system (“system”) monitors the driving environment — _

Conditional
Automation

Automation

Full

Automation

”

Narrative Definition of Driving
Acceleration/ Environment
Deceleration

Fallback
Performance
of Dynamic
Driving Task

System
Capability
(Driving
Modes)

the full-time performance by the human driver of all
aspects of the dynamic driving task, even when enhanced
by warning or intervention systems

Human driver Human driver

the driving mode-specific execution by a driver assistance
system of either steering or acceleration/deceleration using
information about the driving environment and with the
expectation that the human driver perform all remaining
aspects of the dynamic driving task

Human driver

Human driver
and system

the driving mode-specific execution by one or more driver
assistance systems of both steering and acceleration/
deceleration using information about the driving
environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving
task

Human driver

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriately to a request to intervene

System

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task,
even if a human driver does not respond appropriately to a
request to intervene

the full-time performance by an automated driving system
of all aspects of the dynamic driving task under all roadway
and environmental conditions that can be managed by a
human driver

System System

Human driver

Human driver

Human driver

Human driver

System

System

S| example: cruise control

modes

example: adaptive cruise
control, automatic
emergency braking

Some driving
modes

human ready for

Some driving | .
Intervention

modes

not all cases...
for example: max speed,
good weather

Some driving
modes

All driving
modes

Copyright © 2014 SAE International. The summary table may be
freely copied and distributed provided SAE International and J3016
are acknowledged as the source and must be reproduced AS-IS.

Toward 5G vehicular networks
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Deals, investments, partnerships, and

new entrants

Technologies

Enabling services

Adaptive driver Infotainment Human-machine Communications, Connected Connected
assistance interface computing, vehicle services device services
systems and cloud
OEMs (major automakers)
Acquisition Investment Partnership Partnership Acquisition
Audi/Daimler/BMW: Ford: Livio (2013) Daimler & Qualcomm Ford & State Farm Daimler: Mytaxi (2014)
Here (2015) (2015) (2012) GM: Sidecar (2016)
GM: Cruise Automation | Partnership Hyundai & Cisco (2016) | BMW & Pivotal (2015)
(2016) ;\gg's& Nvidia (since Toyota & KDDI (2016) | Ford & Microsoft Azure : Investment
) (2015) BMW: RideCell (2014)

Investment

Volvo: Peloton (2015)

Audi & Nvidia
since 2005)

(2015)
GM & Mobileye (2015)
VW & Mabileve (2015)

BMW & Intel &

yundai & Cisco (2016

August 2017: F

CA agreement w

information
systems

ith BMW—InteI-I\/iiobyeye

Source: Connected-car-report-2016.pdf
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Volvo & Microsoft
(2015)

Nissan & Microsoft
Azure (2016)

BMW: Zendrive (2014)
GM: Telogis (2014)

BAIC: Didi Chuxing
(2015)

Ford: Pivotal (2016)
GM: Lyft (2016)
Toyota: Uber (2016)
VW: Gett (2016)

Partnership
BMW & Baidu (2015)

BMW & Microsoft Azure
(2016)

Seat & Samsung & SAP
(2016)

Toyota & Microsoft Azure
(2016)



Deals, investments, partnerships, and
new entrants

Technologies Enabling services

Adaptive driver Infotainment Human-machine Communications, Connected Connected
assistance interface computing, vehicle services device services
systems and cloud
New entrants from outside automotive

Acquisition ntrants: Investment Acquisition Investment Partnership
Panasonic: Ficosa Apple, Baidu, Google Intel: Omek (2013) Cisco/NXP: Cohda Verizon: Hughes (2012) : Daimler Moovel
(2014) Wireless (2013) & IBM (2014)
Google: FCA (2016) New entrants Partnership Airbiquity & Arynga

i Atmel, Fuijitsu, Kyocera, Airbiquity & Arynga (2016)
Nvidia: AdasWorks
(2\(')'1 (',3) LG, Toshiba Cohda Wireless, (2016)

Kymeta, Veniam New entrants

New entrants

AdasWorks, Baselabs,
Vector, Velodyne, Wind
River

Source: Connected-car-report-2016.pdf

New entrants

Airbiquity, Allstate,
Fleetmatics, Pivotal,
Progressive, SiriusXM,
Trimble, Verisk

Airbiquity, Apple,
Contigo, Dash,
Google, iTrack, Lyft,
MyCarTracks, Uber
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Autonomous car forecasts

NVIDIA to introduce level-4 enabling system by 2018
At the Bosch Connected World 2017 in Berlin NVIDIA's CEO Jen-Hsun Huang announced

that NVIDIA will provide technology enabling Level-4 autonomous driving capabilities by
The number of cars with the end of 2018.

various levels of autonomy | g ce. NVIDIA, 2017-03-16)
will grow to a total of 150
million vehicles by 2025
https://blogs.nvidia.com/blo
g/2017/03/16/bosch/

Audi to introduce a self-driving car by 2020

Scott Keogh, Head of Audi America announced at the CES 2017 that an Audio that really
would drive itself would be available by 2020.

(Source: |IEEE Spectrum, 2017-01-05)

First autonomous Toyota to be available in 2020

Toyota is starting to overcome its long-standing reluctance with respect to autonomous
driving: It plans to bring the first models capable of autonomous highway driving to the
market by 2020.

(Source: Wired.com, 2015-10-08)

http://www.driverless-
future.com/?page id=384

Elon Musk now expects first fully autonomous Tesla by 2018, approved by 2021
In an interview by Danish newspaper Borsen, Tesla’s founder Elon Musk accelerates his

timeline for the introduction of fully autonomous Teslas by 2 years (!) compared to his
estimate less than a year ago (October 2014). He now expects fully autonomous Teslas to
be ready by 2018 but notes that regulatory approval may take 1 to 3 more years thereafter.

((r-] I QTI\_ (Source: Borsen Interview on youtube, timeline: 8:06-8:29, recorded on 2015-9-23) 5017




Autonomous cars forecasts

A recent study by Bosch
suggests that autonomous
driving is going to be a big
selling point for customersin
the future—54 percent of the
6,000 people the

company surveyed said it
would increase their interest
in buying a new vehicle

http://www.driverless-
future.com/?page id=384

@l

Ford CEO announces fully autonomous vehicles for mobility services by 2021
Mark Fields, Ford’s CEO announced that the company plans to offer fully self-driving
vehicles by 2021. The vehicles, which will come without steering wheel and pedals, will be
targeted to fleets which provide autonomous mobility services. Fields expects that it will
take several years longer until Ford will sell autonomous vehicles to the public.

Source: Reuters, 2016-08-16

Volkswagen expects first self driving cars on the market by 2019

Johann Jungwirth, Volkswagen'’s appointed head of Digitalization Strategy, expects the first
self-driving cars to appear on the market by 2019. He did not claim that these would be
Volkswagen models.

Source: Focus, 2016-04-23

GM: Autononomous cars could be deployed by 2020 or sooner

General Motor’s head of foresight and trends Richard Holman said at a confererence in
Detroit that most industry participants now think that self-driving cars will be on the road
by 2020 or sooner.

Source: Wall Street Journal, 2016-05-10

BMW to launch autonomous iNext in 2021

At their annual shareholder meeting, BMW CEQO Harald Krueger said that BMW wiill launch
a self-driving electric vehicle, the BMW iNext, in 2021.

Source: Elekirek, 2016-05-12



Autonomous cars forecasts

Timeline for Adoption

Phase 1 (now to 2016):
'Passive' autonomous
driving

Technology
Penetration

Phase 4 (two decades):
100% autonomous
penetration, utopian

society

Phase 3 (2018 to 2022):
Complete autonomous
capability

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Source: Company data, Morgan Stanley Research

@iamn
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Where we are

Google gets first self-driven car license in
Nevada

Otomae N

Iy Mary
o MayD 201200 10 Y

(Reuters) - Google's self-driven cars will soon be

appearing on Nevada roads after the state's - Y:
Department of Motor Vehicles approved on Monday

the navon's first autonomous vehicle license

The mave came after officials rode along on drives on highways, n dneyds & Oparion

Carson Cty nesghborhoods and along the famous Las Vegas SInp, the 4 (snaen aviees sgenst
Nevada DMV said in & statement -

The Nevads lagisisture 15t year sthorized self.driven cars for the .'.". :f,".'.'.’.'.‘i.. »

stole's ronds, the frst such lvw in the Unted Ststes. That law went into f;:‘."!‘-:ﬂ’"o App s
effect on March 1, 2012

http://www.reuters.com

Ethical questions:

Should your driverless car kill
you if it means saving five
pedestrians?

Legal questions: which is the
guilty part in case of accident?

Other interesting readings:

http://thinkinghighways.com/a-
driverless-future/

https://www.driverless.id/news
/definitive-quide-levels-
automation-for-driverless-cars-
0176009
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Summarizing Autonomy

e |tis all about on board sensors and Artificial
Intelligence (Al)

 They are not autonomous, they are automated
vehicles

BUT

 They do not see around the corner
* They cannot receive or transmit updated info
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Remember...

In order for a car to drive itself,
it needs to be able to see the world around it.

A processor
reads the data
and regulates
vehicle behavior.

A laser sensor scans
360 degrees around the
vehicle for objects.

Radar measures
the speed of
vehicles ahead. |

A wheel-hub sensor
detects the number
of rotations to help
determine the car’s
location.

An orientation sensor
tracks the car’s
motion and balance.

Source: Google Raoul Ranoa / @latimesgraphics
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..Hence

Connectivity becomes essential

Connectivity can improve safety and efficiency of autonomous vehicles

Source: autc
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Connected vehicles

@iamn
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V2X communications

Vehicle
Vehlcl

Pedestrian
/ A

Network

Infrastructure

http://www.5gamericas.org/files/2914/7769/1296/5GA V2X Report FINAL for upload.pdf
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Why V2X communications

* |mprove safety
* Improve traffic efficiency
* Introduce entertainment
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Why V2X communications

* |mprove safety

Table 1: Fatalities and Fatality Rate by Quarter, First Half, and the Percentage Change From the (:orrespondmg Quarter or

First Half in the Previous Year

T 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter Total 1st Half
(Jan—Mar) (Apr=dJun) (Jul-Sep) (Oct-Dec) (Full Year) (Jan—Jun)
Fatalities and Percentage Change in Fatalities for the Corresponding Quarter/Half From the Prior Year

2005 9,239 11,005 11,897 11,369 43,510 20,244
2006 9,558 [ +3.5%] 10,942 [ -0.6%] 11,395 [ -4.2%] 10,813 [ -4.9%] 42,708 [ 1.8%] 20,500 [ +1.3%]
2007 9,354 [ -2.1%] 10,611 [ -3.0%] 11,056 [ -3.0%] 10,238 [ -5.3%] 41,259 [ -3.4%)] 19,965 [ -2.6%)]
2008 8,459 [ -9.6%)] 9,435 [-11.1%] 9,947 [-10.0%] 9,582 [ -6.4%] 37,423 [ -9.3%] 17,894 [-10.4%]
2009 7,552 [-10.7%] 8,975 [-4.9%] 9,104 [ -8.5%] 8,252 [-13.9%] 33,883 [ -9.5%] 16,527 [ -7.6%]
2010 6,755 [-10.6%)] 8,522 [ -5.0%] 9,226 [ +1.3%] 8,496 [ +3.0%)] 32,999 [ -2.6%)] 15,277 [ -7.6%]
2011 6,726 [ -0.4%)] 8,227 [ -3.5%] 8,984 [ -2.6%] 8,542 [ +0.5%] 32,479 [ -1.6%] 14,953 [ -2.1%)]
2012 7,521 [+11.8%] 8,612 [+4.7%] 9,171 [ +2.1%)] 8,478 [ -0.7%] 33,782 [ +4.0%)] 16,133 [ +7.9%]
2013 7166 [ -4.7%] 8,207 [ -4.7%)] 9,024 [ -1.6%] 8,496 [ +0.2%] 32,893 [ -2.6%)] 15,373 [ -4.7%)]
2014 6,856 [ -4.3%] 8,179 [ -0.3%)] 8,799 [ -2.5%] 8,910 [ +4.9%] 32,744 [ -0.5%] 15,035 [ -2.2%]
2015 7,335 [ +7.0%)] 8,765 [ +7.2%] 9,708 [+10 3%)] 9,284 [ +4.2%] 35,092 [ +7.2%)] 16,100 [ +7.1%]
20161 8,175 [+11.5%] 9,600 [+9.5%] 17,775 [+10.4%]

(‘r "QTI\ Toward 5G vehicular networks ISWCS 28-08-2017

More than 30000 deaths ayearin the USA

https://crashstats.nhtsa.dot.qov/Api/Public/ViewPublication/812332




Why V2X communications

* |mprove safety

« About1.25 million people die each year worldwide as a result of road crashes.

« Road traffic injuries are the leading cause of death among people aged between
15 and 29 years.

Road traffic crashes cost mostcountries 3% of their gross domestic product.

Source: http://www.who.int/mediacentre/factsheets/fs358/en/ (updated May 2017)

Safety applications enabled by V2V and V21 could eliminate or mitigatethe

severity of up to 80 percent of (non-impaired) crashes, including crashes at
intersections or while changing lanes. [Source: NHTSA]
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V2X for safety: requirements

Low latency, real time information

— Direct V2V communications

— Dedicated channels

— Reliable wireless systems

— Interaction with on board sensors

Also low data rate

— Small but frequent amount of data

Collision Ahead,
drive with caution

Ahead, drive
with caution

High data rate for delay tolerant apﬁlicati

tomatic
— Ex: transmission of aaviglee of a crash braking

.

o
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Why V2X communications

* |Improve traffic efficiency

* Updated information in trafficand optimal routes can reduce the travel time
- Annual delay per peak period: 47 hours

- Economic cost: $63.1 billion a year
* Road transport is responsible for the bulk of transport emissions, in terms of

greenhouse gases and air pollutants
* QOver 70% of transport greenhouse gas emissions, 39% of NOx and 13% of particulate

matter

cgngest\ons 3
Source: A European strategy on Cooperative Intelligent T
and automated mobility, 30-11-2016 ;
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V2X for efficiency: requirements

Updated information (not real time)

— Optimal route

Data rate and bandwidth depending on the application
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Why V2X communications

* |ntroduce entertainment

Internet access
Internet backbone
Social networking
Video streaming
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V2X for entertainment: requirements

* High data rate
— Video streaming
— Social gaming
— Internet access

e Latency not high

— V2V communications (social gaming)
— Not priority apps
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The roadmap of applications

Take-over of the
driving functions
100 * Fully Automated
‘/ Coordingtion Data Driving
Intention Data + Optimal Traffic
/ + Cooperative Merging Flow
80 + GLOSA 2.0 . sistance
* Roadworks nce + Intersection Assistance
* Lane sistance Dynamic Platooning
* AreaR * VRU Assistance
+Co ACC 8 o
o0 Sensor Data ‘ . wml I
Stoine Dot : ﬁ%ex;.? of / ;a OI(Z:Zo installation of new vehicle
40 . Roadwtswgzo -
» Emergency Vehice W « Connected A w1 10, | ) .
 Dangerous W « Overtaking ‘1) gottf/z ru'rrLsstallatlon of new vehicle
* Stationary Vehicde W . |M0lyﬁ Collision W
20 |18 Traffic-Jam W 8 10 year ramp-up to 100%
* Pre-/Post-Crash W y installation of new vehicles
* Hazardous Location W /
» Adverse Weather W Installation on select new
* Roadworks E vehicle type of luxury and upper
0 : middle class vehicles
Phase 4 Phase 5
A Phasel;. .. S P.has; 2 . C Ph‘:;e ::) g Synchronized Accident-free
wareness Driving ensing Driving ooperative Driving Cosnasaiive Buida Driving
Dissemination Cooperation

Source: 5gpp white paper
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The roadmap of applications

Perception Planning Take-overof the
. . . driving functions
My status My environment My intentions Our plan
100 ¢ FUI”AU'OI‘M
‘/ Coordingtion Data Driving
Intention Data + Optimal Traffic
/ + Cooperative Merging Flow
80 + GLOSA 2.0 : sistance
nce * Intersection Assistance
stance Dynamic Platooning
* VRU Assistance
" Sensor Data
*+ GLOSA 1.0 . .
Staius Pata . ln%\‘l) ehicle Inf / llation of new vehicle

40 v Roadwbwgzo
+ Emergency Vehide W S onnaciel A ' '
* Dangerous Situation W + Overtaking llation of new vehicle

* Stationary Vehice W * Inte Collision W

P M Traffic-lam W ...

* Pre-/Post-Crash W / >

* Hazardous Location W

mp-up to 100%
installati@n of new vehicles

» Adverse Weather W Installati®n on select new
. Roodwodsg. e of luxury and upper
0 - middle cfass vehicles
Phase 4 Phase 5
Phase 1 .. P.hose? . Pho.se 3 . Synchronized Accident-free
Awareness Driving Sensing Driving Cooperative Driving . .. Driving

Dissemination Cooperation

Source: 5gpp white paper
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The roadmap of applications

Take-over of the
driving functions
100 y Sl y + Fully Automated
Coordingtion Data Drivi
InfentionData |4 + Oplime Traffic
80 i R
. Rocdwbw.

Phase 3 allows
vehicles to share
their intentions, and
so provide them
with a glimpse into
the individual future
of each vehicle.

lation of new vehicle

lation of new vehicle

p-up to 100%
of new vehicles

on select new
2 of luxury and upper

vehicles
Phase 4 Phase 5
A "m”; .. Senp'hm;? X Coo Pha.so% o Synchronized Accident-free
wareness Driving sing Driving perative Driving e Driving
Dissemination Cooperation
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Mapping connected on autonomous vehicles

Take-over of the
driving functions
Source: 5gpp white paper
100 * Fully Automated
‘/ Coordination Data Driving
Intention Data + Optimal Traffic
/ + Cooperative Merging Flow
80 *+ GLOSA 2.0 . sistance
. RoodethcMO + Intersection Assistance
* Lane- sistance Dynamic Platooning
* Area R * VRU Assistance
+ Co ACC e
60 Sensor Data | . Wol'nhg| —
Status Data ﬁ%\‘,’:‘?;;? - / ;a ol?sa installation of new vehicle
40 * Roadworks W 2. =
+ Emergency Vehide W * Connected A e 100% installation of new vehicle
* Dangerous Situation W * Overtaking plattforms
« Stationary Vehide W . Intmyn Collision W
20 * Traffic-Jam W Ol 10 year ramp-up to 100%
* Pre-/Post-Crash W v installation of new vehicles
* Hazardous Location W /
+ Adverse Weather W. Installation on select new
. Roodwotls)l/ vehicle type of luxury and upper
0 : middle class vehicles
Phase 4 Phase 5
A Phase;. .. S P.hos;? X C Phc:;e ::) . Synchronized Accident-free
wareness Driving ensing Driving ooperative Driving Caspasaiie D Driving
Dissemination Cooperation
) ®

7~~~ CAR 2 CAR

o_o v COMMUNICATION CONSORTIUM
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In summary...

Future (especially safety) applications are based on the awareness of the
environment

Collective Knowledge through Collective Perception

»Seeing what the Others See*

Knowledge Collective Knowledge

Vehicle Status Vehicle Status

B Speed H Intention

B Acceleration B Soft Boundaries

B Yaw-rate (Preferences)

o B Hard Boundaries
(Capabilities)

B

Environment Environment

B Vehicles (Enhanced Perception Field)

B Pedestrians B Concealed Objects

B Street B Traversable Area

B Traffic Signs [ |

n ...

Source: 5G-PPP-White-Paper-on-Automotive-Vertical-Sectors.pdf
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What we need to have connected (and
autonomous cars)

e Awareness

* Local awareness (in vehicles)

e Environment awareness

e Qut-of-vehicle (obstacles, nearby cars, ...)
* Collective awareness

To achieve awareness, vehicles have to exchange short and frequent messages
(beacons) about their status (ID, position, speed, acceleration, etc.)
This way, each vehicle can build a cooperative vision of the environment
More frequent the beacons, better the knowledge of the environment

More frequent the beacons, higher channel load and performance degradation
—> tradeoff
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Present, future and

visionary
applications




Present apps: on board sensors

' CCTV CAMERA | ARRAY CAVERA
. = Detecting

=

" Detect fallen object
i on road A
=l
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Present apps: eCall
..',"l. © ot

Emergency call centre

Provisioning The eCall's urgency is recognized, the
Via satellite positioning and mobile accident's location can be seen on a screen.
.... telephony caller location, the accurate A trqinled operator tries to talk V\{ith the .
.. position of the accident scene is fixed and vehicle s occupants to get more |nformat|on.
then transmitted by the eCall to the If there is no reaction, emergency services are
nearest emergency call centre. More sent off without delay.

information is given in the eCall, e.g. the
direction of travel and the vehicle type.

.llu.

-y (4 ) M,
a - Quicker help
Due to the exact knowledge of
Emergency Call the accident's location, the
An emergency call (eCall) is made emergency services (e.g.
automatically by the car as soon as ambulance, fire fighters, police)
on-board sensors (e.g. the airbag arrive much quicker at the crash
sensors) register a serious accident. site. Time saved translates into _
By pushing a dedicated button in the lives saved.

car, any car occupant can also make
an eCall manually.

V2l cellular communication
Source: European Commission
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Present/future app: smart navigation

GPS Satellite

(‘r "Q“\ Toward 5G vehicular networks ISWCS 28-08-2017



Impact of smart navigation

- 10% of connected vehicles

- Information transmitted from vehicles to control center (uplink) every 10 s

- Information transmitted from the control center back to vehicles (downlink) every 20s or 60s

- Up to 50% of saved time (if an alternative route exsists)
TEEET R WGP O

@ stalingrado
Path-2 | *

O San Donato

Massarenti

Ospedale
maggiore

@

Saragozza A
@“ :
3 I Considered

. [ Presented here as most relevant \

Colli O

San Lazzaro

13636 road segments, 600km &4

E->W:| 40.3% paved time
W->E:| 44.5% paved time
NW->SE:| 12.9% paved time
SE->NW:| 29.2% paved time
NE->SW: 4.0% pavedtime
SW->NE:| 0.0% paved time

N->S{ 13.1%kaved time
S->N:149.0% Faved time
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Present/future app: Fleet
management

TR 7

S

L -~

_ Increasingly
V2V with extremely low latency

- % ;
//\;ﬁwg) @
\\r{%‘f

26 <) s=
N Py
Vs j/ﬂg@’;’—’ s
\c\d i %:\E' N ":' N
% N L4
~%

\/
- VE/ oo\
5 ”

/6 .
- Yy Via? 4 z 1
X " g e a;f%“ Ser—Z h
~E 7 s
\ - J /
"”‘s"u'de‘ -

vehicles within a platoon will constantly
exchange their kinematic state
informationin real time

(‘r 'IQTI\ Toward 5G vehicular networks ISWCS 28-08-2017



Future apps: alert messages and safe
overtaking

V2V and V2l communications
See around the corner Safe overtaking

¥

m EMERGENCY VEHICLE
) APPROACHING

perform overtake maneuvers not only on highways
(unidirectional travel) but also on two-way roads,
- where oncoming vehicles may be well beyond the
/9;/ range of its sensors and approaching very quickly.
Vehicle to wehicle  pertorming such maneuvers safely will require
m a cooperation among vehicles on multiple lanes.

I&TI\ Toward 5G vehicular networks ISWCS 28-08-2017

GPRS - EDGE / UMTS rohi
Vehicle to
Eg infrastructure A fully autonomous self-driving car will need to




Future apps: Driving assistance and
cooperative driving

® (2) 1) Started with Radar
Soon with V2V
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Future app: Internet access

Internet backbone on
the move
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Future app: See through

Source: Samsung

This use case requires a very high reliability and availability (it should work
even out of coverage and even if the network is loaded with other services), a
low latency (a few tens of ms) and a high data rate to share all relevant data
with vehicles and pedestrians in the neighborhood.
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Future/visionary app: Virtual Traffic Light

Source: Carnegie Mellon University Source: Slash Gear

- Only 0.5% of over 50 millions of crossing points in USA are equipped with traffic lights
- Operative costs (per year) for traffic lights : 780 milions of dollars
- Itisimpossibile to have all crossing points equipped by traffic lights

All vehicles must be equipped with V2V communicationinterface
Better with backup on V2I
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Future/visionary app: Virtual Traffic Light

At intersections without a physical traffic light, V2V communications to exchange
the priorities at the crossing with a distributed control

Why is VTL important?

- Only 0.5% of over 50 millions of crossing points in l:_’
USA are equipped with traffic lights B ,‘:

- Operative costs (per year) for traffic lights : 780 =~ | e q
milions of dollars ':ﬂ

- It is impossibile to have all crossing points .
equipped by traffic lights

Key-characteristics:
wireless, efficient,low cost

Basicrule:
ony one car at a time can pass
the crossing point
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Future/visionary app: Virtual Traffic Light

Four vehicles
approaching
the junction
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Standardization

bodies and main
technologies




Where we are

Despite much effortin the last 10+ years, not much more onfield ...

* Auxiliary services and emergency help (eCall in Europe) through cellular

* Several projects with hundreds to thousands of vehicles

... but things might change soon...

* Mandate expected for V2V in USA (for new vehicles, by late 2019/early 2020?)

* In Europe: Strategy adopted by EC in November 2016 to make connected vehicles possible in
2019.

* %
**

£ EUROPEAN
COMMISSION

Brussels, 30.11.2016
COM(2016) 766 final

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS

A European strategy on Cooperative Intelligent Transport Systems, a milestone towards
cooperative, connected and automated mobility
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EU intentions and priorities

Day 1: V2X communication

Local Perception Sensors
;‘ ‘v w K‘A > A

V2X Communication
Red ego-vehicle
additionally knows about
V2X vehicles within the
communication range
Vehicles broadcast
Cooperative Awareness
Messages (CAMs)

Source: Wolkswagen

Phase 1 Status data: position,
Awareness Driving speed, events...
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EU intentions and priorities

Day 4: Coordinating intentions

1

V2X Communication

lective Perception

“Our plan" “ & - W T
Intention planning

Phase 4 Coordmatlon data:

Synch. Cooperative synchronized
Driving I trajectories..

Phase 3 ‘ I Intention data: |ntent|ons,

Cooperative Driving g trajectories. Coordinating Intentions

Phase pi Il Sensor data: objects, Vehicles are autonomously driven
Sensing Driving field-of-view... through almost all situations (level:

Source: Wolkswagen
¢ Phase 1 Status data: position, 4 and 5) and are alglg to exc?hang(.e
Awareness Driving speed, events... and synchronize driving trajectorie
among each other.
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Standard Development Organizations (SDOs

Joint standard development for Cooperative Intelligent Transport Systems C-ITS

e e T T == = hitpsf/its-standards.info/

]
AL Y = - IEN
N
( ¢ IEEE ,
®
1 E T F S INTERNATIONAL,
~ , ectrical and Electronics En@eers
The Internet Engineering Task SOCIGW'OMULmOtIVG E g
Non governmentaISDgs_ A
\ -
Iniernohonol Internatiomal
Standardization\ Commission’ 2
, 1 -
T =y
| Governmental SDOs :
International Telecommunlcatlons _w,mn.n -y o, EU SDOs
= — = - - -
\ ~
( \ E(lropean Committee for Standardization S
{uropean Lomité Européen de Normalisation P /
el\comm_mcaUOns / Europaisches Komitee fur Normung I -
Standards Institlite™ = - Vs - -
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- Other important organizationg R

"5CAA) ¢ Sheer

The SG Infrastructure Public Private Partnership
MEMBERS

The 5G Infrastructure Public-Private Partnership
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EU investments
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Dedicated frequencies for V2X worldwide

Region Frequency Bands (MHz)
North America 5850-5925
Europe 5795-5815, 5855/5875-5905/5925
Japan 755.5-764.5, 5770-5850
China, India, Singapore | Studying allocation or allocated in the 5.9 GHz band

Source: “5G Americas V2X Cellular Solutions”
http://www.5gamericas.org/files/2914/7769/1296/5GA V2X Report FINAL for upload.pdf
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Peculiarities of vehicular scenarios
(where technologies have to work)

eHighly dynamic topology: Due to relative speed of cars, that in some cases can be very high,
the time interval in which two cars can communicate can be extremely small.

e Frequently disconnected network and variable device density

eSufficient availability of energy and storage: devices are installed on cars there are no power
or memory constrains.

*Geographical addressing: unicast and broadcast, are no longer sufficient. Some applications,
e.g., alert the drivers in a certain area of a possible hazard, require the ability, known as
geocasting, to address only the nodes in a specific geographic area.

eDifferent communication environments: wireless technologies have to work in very different
propagation scenarios (urban, highway, country, ...)

eHigh speed (doppler, quickly variable channels)
eHeavy multi-path
eFor safety purposes: latency and errors with very stringent requirements
e Particularimportance of security (in particular authentication, integrity, and no ripudiation)

e Need for international agreements
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Peculiarities of vehicular scenarios
(where technologies have to work)

eHighly dynamic topology: Due to relative speed of cars, that in some cases can be very high,
the time interval in which two cars can communicate can be extremely small.

bl  \Which technology can better perform

eSufficie

o Mmemor in a so challenging scenario?

*Geographical addressing: unicast and broadcast, are no longer sufficient. Some applications,
e.g., alert the drivers in a certain area of a possible hazard, require the ability, known as
geocasting, to address only the nodes in a specific geographic area.

are no power

eDifferent communication environments: wireless technologies have to work in very different
propagation scenarios (urban, highway, country, ...)

eHigh speed (doppler, quickly variable channels)
eHeavy multi-path
eFor safety purposes: latency and errors with very stringent requirements
e Particularimportance of security (in particular authentication, integrity, and no ripudiation)

e Need for international agreements
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Peculiarities of vehicular scenarios
(where technologies have to work)

eHighly dynamic topology: Due to relative speed of cars, that in some cases can be very high,
the time interval in which two cars can communicate can be extremely small.

bl  \Which technology can better perform
eSufficie . . !
in a so challenging scenario:

or memor

*Geographical addressing: unicast and broadcast, are no longer sufficient. Some applications,
e.g., alert the drivers in a certain area of a possible hazard, require the ability, known as
geocasting, to address only the nodes in a specific geographic area.

are no power

Ml To answer we also need to know the
propagatic

Hig requirements

eFor safet As éxample, those of NHTSA, ETSI,
e Particulz 3G PP ripudiation)

e Need for international agreements
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NHTSA requirements

¥ % o &
NHTSA Packet Type Comm. P:'::;?cl;ty End-to-End Comm.
Type Latency [ms] | Range [m]
www.ahtss.gov [Hz]
Traffic Signal Violation Warning * Periodic 2V 10 100 250
Stop Sign Violation Warning * Periodic 2V 10 100 250
Left Turn Assistant * Periodic 12V/V2I 10 100 300
Stop Sign Movement Assistance * Periodic 12ViV2l 10 100 300
Intersection Collision Warning * Periodic 2V 10 100 300
Blind Merge Warning * Periodic 2V 10 100 200
Ped-estrian Crossing .Information at Periodic v 10 100 200
Designated Intersections *
T Event-driven | V2V 1 1000 1000
Warning *
Emergency Vehicle Signal Pre-emption * Event-driven V2I N/A 1000 1000
SOS Services * Event-driven | V2V/V2I 1 1000 400
Post-Crash Warning * Event-driven | V2V/V2I 1 500 300
In-Vehicle Signage * Periodic 2V 1 1000 200
Curve Speed Warning * Periodic 2V 1 1000 200
Low Parking Structure Warning * Periodic 2V 1 1000 100
Wrong Way Driver Warning * Periodic vav 10 100 500
Low Bridge Warning * Periodic 2V 1 1000 300
Work Zone Warning * Periodic 2V 1 1000 300
In-Vehicle Amber Alert * Event-driven 2V 1 1000 250
Safety Recall Notice * Event-driven 2V N/A 1000 400
Just-In-Time Repair Notification * Event-driven 12V/IV2I N/A N/A 400
fooperative Forward Collision Warning Periodic Vav 10 100 150
Vehicle-Based Road Condition Warning * | Event-driven V2v 2 500 400
Emergency Electronic Brake Lights * Event-driven vav 10 100 300
Lane Change Warning * Periodic V2v 10 100 150
Blind Spot Warning * Periodic V2v 10 100 150
Highway Merge Assistant * Periodic Vva2v 10 100 250
Cooperative Collision Warning * Periodic vav 10 100 150
Road Condition Warning * Event-driven 2V 1 1000 200
Pre-Crash Sensing * Event-driven V2V 50 20 50

safety (*)

traffic management (*¥)

infotainment (**¥*)



NHTSA requirements

ML T Packet Type Comm. P:::;?cl; ty End-to-End Comm.
******* : Type Latency [ms] | Range [m]
www.nhtsa,po [Hz]
- — - Periodic /
Highway/Rail Collision Warning * Event-driven V2v/izv 1 1000 300
\{eh.icle-'l.'o-VehicIe Road Feature Event-driven Vav 2 500 400
Notification *
Cooperative Glare Reduction * Periodic V2v 1 1000 400
Cooperative Vehicle-Highwa .. V2ViV2l
Aut(l))mation System (Plagtoon)y** i ivAY 30 . 100
Cooperative Adaptive Cruise Control ** Periodic Va2v/izv 10 100 150
Intelligent On-Ramp Metering ** Event-driven V2I 1 1000 100
Intelligent Traffic Flow Control ** Event-driven VaI 1 1000 250
Free-Flow Tolling ** Event-driven V21 /12V N/A 50 50
Adaptive Headlamp Aiming ** Periodic |VAY 1 1000 200
Adaptive Drivetrain Management ** Periodic 2V 1 1000 200
Visibility Enhancer ** Periodic v2v 2 100 300
Kukanced Ronte (widence and Event-driven | 12V N/A 1000 200
Navigation **
Point of Interest Notification *** Periodic 2V 1 1000 400
Instant Messaging *** Event-driven Vv N/A 1000 50
Map Downloads and Updates *** Periodic/ | o1 v 1 1000 400
Event-driven
GPS Correction *** Periodic 2V 1 1000 400

safety (*)

traffic management (*¥)

infotainment (**¥*)
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ETSI requirements

y N Beacon End-to-
m&%//\ Packet Type CTomm. Periodici .
World Class Standards ype ty [Hz] Latency
[ms]

Emergency electronic brake lights * Periodic V2X 10 100
Safet?' fu:ction out of normal condition Periodic VaX 1 100
warning
Emergency vehicle warning * Periodic V2X 10 100
Slow vehicle warning * Periodic V2X 2 100
Motorcycle warning * Periodic V2X 2 100 safety (*)
Vulnerable road user Warning * Periodic V2X 1 100
Wrong way driving warning * Event-driven VX 10 100 traffic management (**)
Stationary vehicle warning * Event-driven Va2X 10 100
Traffic condition warning * Event-driven V2X 10 N/A
Signal violation warning * Event-driven V2X 10 100 |infotainment (**¥)
Roadwork warning * Periodic 2V 2 100
Decentralized floating car data * Event-driven Va2Xx 1-10 N/A
Overtaking vehicle warning * Periodic V2X 10 100
Lane change assistance * Periodic V2X 10 100
Pre-crash sensing warning * Event-driven V2X 10 50
Co-operative glare reduction * Periodic V2X 2 100
Across traffic turn collision risk warning * Periodic V2X 10 100
Merging Traffic Turn Collision Risk Warning * Periodic Va2Xx 10 100
Hazardous location notification * Event-driven V2X 10 N/A
Intersection Collision Warning * Periodic V2X 10 100
Co-operative forward collision warning * Periodic / Event-driven V2X 10 100
Collision Risk Warning from RSU * Periodic / Event-driven V2X / 12V 10 100

(‘r "QTI\ Toward 5G vehicular networks ISWCS 28-08-2017



FTSI reni

nrements

safety (*)

traffic management (*¥)

infotainment (**¥*)

ETS(/%\\\ Comm. Be.aco.n - E:E(:t;o-
W 2 Packet Type Periodici
World Class Standards Type ty [Hz] Latency
[ms]
Regulatory/contextual speed limits ** Event-driven 2V 1-10 N/A
Traffic light optimal speed advisory ** Periodic 2V 2 100
’:‘:afﬁc information and recommended itinerary Periodic v 1-10 500
Enhanced route guidance and navigation ** Periodic / Event-driven 2V 1 500
Intersection management ** Periodic 2V 1 500
Co-operative flexible lane change ** Periodic / Event-driven 2V V2V 1 500
Limited access warning, detour notification ** Periodic / Event-driven 2V V2V 1-10 500
In-vehicle signage ** Periodic 2V 1 500
Electronic toll collect ** Periodic / Event-driven 12V V21 1 200
Co-operative adaptive cruise control ** Periodic V2Xx 2 100
:;:;Zﬂ::;::; ;:?Lc:e-hlghway automation Periodic V2X » 100
Point of interest notification *** Periodic / Event-driven 12V V21 1 500
Automatic access control/parking access *** Periodic / Event-driven 12V V21 1 500
Local electronic commerce *** Periodic / Event-driven 12V V21 1 500
Car rental/sharing assignment/reporting *** Periodic / Event-driven 12V V21 1 500
Media downloading *** Periodic / Event-driven 12V /V21 1 500
Map download and update *** Periodic / Event-driven 12V V21 1 500
Ecological/economical drive *** Periodic / Event-driven 12V /V21 1 500
Instant messaging *** Periodic / Event-driven 12V V21 1 500
Personal data synchronization *** Periodic / Event-driven 12V /V21 1 500
SOS service *** Periodic / Event-driven 12V V21 1 500
Stolen vehicle alert *** Periodic / Event-driven 12V /V21 1 500
E::;’::tf;:gﬂ?'s and justin time repair Periodic / Event-driven | 12V /V2I 1 500
Vehicle relation management *** Periodic / Event-driven 12V /V21 1 500
Vehicle data collect for product life cycle Periodic / Event-driven 2V VI 1 500
management ***
Insurance and financial Services *** Periodic / Event-driven 12V /V21 1 500
Fleet management *** Periodic / Event-driven 12V /V21 1 500
:’::ucle software/data provisioning and update Periodic / Event-driven DV VI 1 500
Loading zone management *** Periodic / Event-driven 12V V21 1 500
Vehicle and RSU data calibration *** Periodic / Event-driven 12V /V21 1 500

ISWCS 28-08-2017



3GPP requirements

x@ Comm. Beacon End-to-End
" Packet Type T Periodicity Latency
T Ype [Hz] [ms]
Forward Collision Warning * Periodic Vav 10 100
Control Loss Warning * Periodic / Event-driven Vav 10 100
V2V Use case for emergency vehicle warning * Periodic Vav 10 100
V2V Emergency Stop Use Case * Periodic / Event-driven Vv2v 10 100
V2I Emergency Stop Use Case * Periodic / Event-driven V2Xx 10 100
Queue Warning * Periodic / Event-driven V2X N/A 100
Road safety services * Periodic / Event-driven V21 10 100
Wrong way driving warning * Periodic / Event-driven V2v N/A N/A
Pre-crash Sensing Warning * Event-driven Vav N/A 20
V2X in areas outside network coverage * Event-driven V2v N/A N/A
V2X Road safety service via infrastructure * Event-driven V2X N/A N/A
Curve Speed Warning * Periodic V2l 1 1000
\Var.n.ing to Pedestrian against Pedestrian Periodic / Event-driven VIX N/A N/A
Collision *

Vulnerable Road User Safety * Periodic / Event-driven Va2x 1 100
Cooperative Adaptive Cruise Control ** Periodic / Event-driven Vav 1 1000
V2I/ V2N Traffic Flow Optimisation ** Periodic / Event-driven Vvav 0.1 1000
Automated Parking System ** Event-driven V2Xx N/A 100
V2V message transfer under operator control Event-driven Vav N/A N/A

ekdk
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Summary of first “wave” requirements

* Periodic broadcast of beacon messages every 1-
10 Hz

— Beacons are typically small packets of ~200-500 bytes
* Latency lower than ~100 ms
* 90% of reception success within ~100-300m

e
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Incoming 5G (more challenging)
requirements

Source: Metis-II

* End-to-End Latency: 5ms ‘
* Beacon Periodicity: 10Hz (adaptive?

L »cl, (adap ) ‘ ).k:a rLs II
* Reliability: 99.999% N /
* Communication Range: up to 1Km -
* Positioning Accuracy: less than 0.5m
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Summary of first and second “wave”
requirements

Before 5G requirements

* Periodic broadcastof beacon messages every 1-10 Hz
— Beacons are typically small packets of ~200-500 bytes

* Latencylower than~100 ms
* 90% of reception success within ~100-300m

5G of requirements

 Adaptivebeaconing?
— Beacon frequency adapted to the reliability of the app and to the channel load

e Latencylower than5-10 ms (1ms for platooning)
* 99% of reliability

 High datarate(e.g., exchange of video captured onboardforsee
thorough)
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V2X Enabling technologies

Read SideUni
\WAVENEEEIS02:11p

&

WAVEAEEE(80211p)-

o s ‘4?’ .
)

p—

Toward 5G vehicular networks
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V2X Enabling Technologies

e WAVE/IEEE 802.11pin USA and ETSI ITS G5 in EU ETSI___ S\
€ IEEE =z ()

. . . . World Class Standards
. Widely tested and commercial devices available

. Reliability: random access is prone to collisions
. Unclear business model
. Not diffused

e LTE-V2X, defined in the Release 14 of 3GPP x@

~—

. Exploitation of existing infrastructure/system =
. Standardized May 2017)

. Sketches the road to 5G vehicular networks

Visible light communication (VLC) — IEEE 802.15.7 IEEE

. Exploitation of existing infrastructures (LED lamps)
. Exploitation of vehicles lights
. Vehicles must be in visibility

* 5G

. Still to be clearly defined
. Very high performance
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IEEE 802.11p and ETSI ITS G5

Dedicated short range communications (DSRC) in the USA

Wireless access in vehicular environments (WAVE) protocol stack
includes IEEE 802.11p and IEEE 1609.x

Cooperative-ITS (C-ITS) in Europe
includes ETSI ITS-G5 and other ETSI and ISO standards

S
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Frequency allocation in USA and EU

USA
CH172 CHI174 CHI76 CHI78 CHI8 CHIS2 CHIS84

-

5.86 5.87 5.88 5.89 5.90 591 592 {(GHz)

EUROPE
SCH4 SCH3 SCH1 SCH2 CCH

—_ 7 >

5.86 5.87 5.88 5.89 5.90 591 592 {(GHz)
ITS-G5B ITS-GSA
non-safety safety
B Reserved B Control channel M Scrvice channels Future use

- U.S.FCCallocates 75 MHz in 1999 for ITS, from 5.850 GHz to 5.925 Ghz
- 7 channels: one control channel (178), 6 service channels
- Practically the same frequencies in EU
- But two channels still not used in EU
The frequency of the control channel is different
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DSRC challenges

DSRC provide:

 Eventdriven message, always triggered by application

* Event position, event type, event duration, event related information.
 1-10 Hz beacon transmission (also known as CAM messages in 802.11p).

But consider that:
*The system also relies on road side units (RSUs), which are not currently deployed.

e At the physical layer, severalinefficiencies arise due for example to the asynchronous nature of the
system, resulting in reduced performance, such as

> access overhead

» high error ratein heavy congested trraffic scenarios IEEE 802.11p/DSRC/ITS G5A: longin
development, still to be deployed at large scale

eIn the long run, there is no evolutionary path (or IEEE 802.11 standards activities) to enable
improvementsin the DSRC physical/MAC layers with respect to range, robustness and reliability.

el ack of a clear business model.
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D
[ TE-V2X Ife’

*  While the ITS community has spent 15 years developing future C-ITS systems,
and had still not made any significant commercial implementations, the world
of mobile communications has sprinted forward.

Cellular and IEEE 802.11p for C-ITS

“LTE and fifth-generation (5G)
cellular systems have the potential
of supporting not only existing DSRC
use cases, but also the more
challenging and futuristic use cases
that require low-latency, high
reliability or high bandwidth.
Cellular V2X could also complement
3 DSRC communications to enhance
LTE-V2V V2X communications capabilities.”

http.//www.5qgamericas.orq/files/2914/7769/1296/5GA V2X Report FINAL for upload.pdf
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LTE-V2X

e Study started end of 2014 in 3GPP
* Normative specification June 2017
* Productsexpecetd in ~ 2018
* Keyadvantage is ability to leverage the whole cellular ecosystem &
capability set
* reusing MNOs’ network infrastructure
* One chip forall (also vehicle-to-pedestrian enabled!)
* Open the roadto 5G vehicular networks

5G Phase 1 5G Phase 2
dep.'oyment dep/oyment
Rel 15 /
5G evolution

1% phase 2"9phase
5G WI(s) 5G WI(s)

Continued LTE evolution

* *

LTH-Direct spec cojnpletion LTE Vehicle-to-Vehicle (V2V & V2X)
Discovery & Communication spec completion - based on LTE-Direct Comm
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DSRC or LTE-V2X (or 5G)

* Proponents of DSRC point out that it can accommodate all necessary V2V and V2I
communications in modules that are already commercially available (General
Motors will install them in 2017 Cadillacs)

* Regulatorsin Europe and the U.S. embraced DSRC until 2016

* But the anticipated arrival of 5G (opened by LTE-V2X) has led others to argue that
automakers ought to wait to run cars on next-generation cellular networks.

Source: Spectrum, May 2016

Which one will win the battle?

LR w Ve
o
R -
d o
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DSRC or LTE-V2X (or 5G)

—

Before 5G requirements Can be

* Periodic broadcastof beacon messages every 1-10 Hz targeted by
— Beacons are typically small packets of ~200-500 bytes both IEEE

* Latencylower than~100 ms
: L 802.11pand
° Y) ~ -
90% of reception success within ~100-300m ITE-V2X

5G requirements —

* Adaptivebeaconing?
— Beacon frequency adapted to the reliability of the app and tp the

* Latencylower than5-10 ms (1ms for platooning)
+  99% of reliability g L'E-V2Xand
 High datarate(e.g., exchange of video captured onboard f¢ oG
thorough) (specific
- apps by VLC)

Limitations

of 802.11p
Targeted by
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DSRC and LTE-V2X

[ A%

Alert! Accident PF N\ Genesee Avenue
2 miles ahead. AR NG e N 7N EXIT 1 MILE
.‘ .' | v |

% V.0 g ; Exit Genesee
Heavy stop and go e ) § g Ave in 1 mile

traffic ahead. Would

you like me to drive? [ dE Y ‘ 4 X
- Car behind
changing lanes

N P _ 3 . Lane change
Source/Qualcomm. ke | o warning

- They could cooperate
- DSRC could be used for channel access and LTE for data transmission
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The importance of a business model to
make the revolution happen

//7:/;
: / £ 7—
// / ya

¥ /<

N

% of VMT Equipped with VSC-A

30%
20% / / /
10%

2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

| —*—Mandate + Retrofit —®— Mandate —%— High Consumer ~—#  Low Consumer

Vehicle Safety Communications — Applications (VSC-A)

Source: “Market Penetration Analysis for VSC-A Safety Benefit Opportunities Estimation”, Discussion Document, James Chang,
Noblis, June 8, 2010
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