Net wor k Wor ki ng G oup B. W ssingh

I nt ernet-Draft TNO
| nt ended status: | nformational A. Petrescu
Expires: Decenber 21, 2014 CEA, LIST
G Karagi anni s

G Heijenk

Uni versity of Twente
June 19, 2014

The Use-Case of Dissemnating to Road-Side Units
draft-w ssingh-di ssem nate-to-rsu-00.txt

Abstract

Thi s docunent describes use cases related to di ssem nating
Intelligent Transport System (ITS) information to Road-Side Units.
The descri bed use cases relate to the concept of dissemnating ITS
information froma back-office to vehicles as well as to the concept
of dissemnating ITS information fromvehicles to the back-office
and/ or vehi cl es.
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1. Introduction

GeoNet wor ki ng nechani snms provide the capability to communi cate data
packets in a manner qualified by geographical coordinates. For
exanpl e, one such nmechanismmy allow a server in the fixed
infrastructure to direct an I P packet flow to receivers situated in a
di stinct geographical area. Variations of such a nechani sm may use
several distinct or overlapping areas. Oher variations may involve
nmobil e (instead of fixed) servers as sources and receivers.

One of the applications for which GeoNetworking mechani sns can used,
is the dissemnation of ITS to Road-Side Units. This docunent
describes nultiple use cases related to this dissem nation of
informati on. These use cases are categorised into two categories,
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namely "Sending ITS information fromthe back-office to the vehicles
via Road-Side Units" and "Sending ITS information fromvehicles to

t he back-office/vehicles via Road-Side Units and/or via direct
comuni cati on".

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].

RSU stands for Road Side Unit.

| TS stands for Intelligent Transport Systens |Information
3. Back-office to RSU di ssem nation
3.1. Dissemnation of ITS information to fixed RSUs

Vehi cul ar communi cations are characterized by a strong nobility
conmponent. Most if not all conputing entities are nobile - enbedded
in vehicles, carried by passengers. However, despite the
difficulties brought in by the inherent nobility characteristics and
Wi rel ess comuni cations, the vehicular comunications are far from
foll owi ng chaotic patterns, because they are subject to rather
constant nobility patterns: the |aws of road use inpose rules such as
vehi cles foll owi ng each other in one particular direction which | eads
to pl atooni ng, mandatory presence of road signs which offers many

W rel ess conmuni cati on opportunities, etc.

The nmobility characteristics of vehicular comunications inpose a
strong need for qualifying the position of entities (by e.g.

coordi nate di stance to an agreed reference) and comuni cate
accordingly. In Intelligent Transportation Systens (ITS) nany use-
cases have been described that nake use of communi cating applications
which rely on the positions of entities. Anong these use-cases, the
di ssem nation of |TS-specific data froma server in the
infrastructure to one particul ar geographical area is a use-case
exhibited in many applications. An exanple put very sinple is that
of a well-informed Command Center sending warni ng nmessages to
vehi cl es approaching a particularly hazardous area (and to them
only).

Currently mass instant conmuni cations are dom nated by voi ce encodi ng
on FM frequenci es (anal og frequency nodulation); in this, the

vehi cul ar hazard warni ng application nentioned above has a very
coarse geographical dinension: the FM stations are broadcasting over
very large areas (all vehicles on the road are infornmed and the human
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listener perforns filtering). On another hand, mass instant
conmuni cations may be realized on a finer manner by enpl oyi ng
advanced packet -based digital communications. It may offer a nore
performant service in ternms of reliability and response tine.

If TCP/I P packet data conmunications were used, then a relatively
strai ghtforward manner to achi eve this geonetworking (send data
packets to a particular area) is to enploy a trivial ’mapping system
bet ween an I P address and its geographi cal coordi nates, and vice-
versa. |In this manner, application software may be witten that
sends | P packets to I P address destinations qualified by geographi cal
coordinates. This straightforward manner has certai n drawbacks.
Certain " mappi ng’ nechani snms exist already in the famly of Internet
protocols - witness DNS - and their advantages and drawbacks are well
understood with respect to scalability. Rather than a trivial

mappi ng, a nore dynam ¢ nechani smis needed which scales to the size
of current and future Internet.

In this docunent we do not propose designi ng new GeoNet wor ki ng
mechani sns, but express the thought that if it existed then a set of
particular I TS vehicul ar conmuni cati ons use-cases may benefit from
t hem

3.1.1. Sending to RSUs and to Vehicles

The end-to-end need is to send data packets froma server to

vehi cles. On another hand, given the strong wred-wreless

di chot ony, sending packets to a particular set of vehicles in a
particular area may involve a two-step operation: (1) send the data
packets to the RSUs (Road-Side Units) which are closest, or whose

Wi rel ess capabilities cover best the set of vehicles, and followed by
a second step (2) the respective RSUs send the data received in the
first step, to the vehicles.

The wired-w rel ess di chotony nentioned above is considering that the
Road-Side Unit (or other entities deployed in vehicles) are equi pped
with at least one wireless interface that is able to deal wth
contraints of conmunication at high speeds (channel fading, Doppler
effects). Such interfaces include the | EEE 802. 11p

[1 eee802. 11p-2010] links and also cellular links.

3.1.2. Sending POs of CSs to EVs

In vehi cul ar conmuni cations, there are many ki nds of information that
need to be sent to designated entities in designated geographi cal
areas. In [etsi-ts-102-637-1] such information is divided in four

cl asses of V2X nessages dependi ng on the services nmade possible by
their contents (nmessages for active road safety, for co-operative
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traffic efficiency, for co-operative |ocal services and for gl obal
Internet services). |In particular, the co-operative |ocal services
(or "location-based" services) are the notification of PO,

aut omati ce access control and parking nanagenent, |TS | ocal

el ectronic commerce and Medi a downl oadi ng.

The notification of PO to vehicle is sent, in principle a fixed
unit, a server, in the fixed infrastructure.

In general, a Point of Interest (PO) is a conceptual mark of a place
wWth a particular signification. |n nost uses, the signification
means a potential service to custoner (e.g. a restaurant PO, or a
museum PO ). The POs are frequently used as a list of private
collection of information that may be queried by a user when situated
in a new geographical area. The PO Ilist is downl oaded in advance on
a portable device and, when arriving in the new area, its PO |[ist
hel ps to situate precisely the restaurants, nuseuns, etc. A single
PO identifies a single place (e.g. a set of POs are not used to
build | arger structures such as shapes, neither is a sequence of POs
used to describe a route - other concepts are used for descri bing
shapes, areas and routes).

A PO data structure typically stores paraneters such as |atitude,
| ongi tude and altitude, together with additional |abels such as nane
or civic address and various description of the service.

In the case of Electrical Vehicle scenarios, the user of the EVis

well interested to learn in advance the situation of various Charging
Stations (CS). The user may downl oad the CS placenents as a PO
l[ist. In addition, while driving, the user may receive dynamcally

t he nost recent information about the CS placenent.
ETSI topology for PO distribution

3.1.3. Sending POs related to a EV planned route - eCo-FEV
In project eCo-FEV, it is considered as useful to distribute the POs
relevant to a Fully Electrical Vehicle (FEV) which are situated al ong
a pre-planned route [ecofev-d200.1].

3.1.4. Different neans of sending PAs
Described in [etsi-ts-101-556-1-2-12].

0o broadcast of all POs => the vehicle filters based on its
position.
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o vehicle requests using its position as key => the response may be
br oadcast .

o dissemination of POs fromserver to a particular RSU which is in
the vicinity of the PO in question (not the vehicle question).

3. 2. Di ssem nation of ITS information to nmobil e RSUs

As the text in Section 3.1 described fixed RSUs, there is also the
type of nobile RSUs which are al so being used for sending data
packets froma server to vehicles. These nobile RSUs have different
characterisicts in conparison with the fixed versions. One of these
characteristics of a mobile RSU is that such a RSU is not 'bound to
a fixed geographical position but instead the geographical position
may change nore dynam cal ly.

Wth a dynam cal | y changi ng geographi cal position, the requirenents
for a " mappi ng’ system between an | P address and the correspondi ng
dynam ¢ geographi cal coordinates may differ fromthe requirenments for
a 'mappi ng’ system between an | P address and fi xed geographi cal

coordi nates. For exanple the requirenments with regards to the
frequency with which a "mapping is updated may be hi gher for dynamc
geogr aphi cal coordinates then for fixed geographical coordinates. So
i ndeed rather than a trivial 'mapping’, a nore dynam c nechanismis
needed which scales to the size of current and future Internet.

As a RSU being nobile, where nobile nmeans 'not fixed to a
geographi cal position’, it provides advantages over fixed RSUs in
di fferent use-cases. A use-case for which a nobile RSU provides
addi ti onal advantages over a fixed RSU is for exanple so called
"I nci dent V\rning' .

3.2.1. usage for Incident Warning

An exanple of ’'Incident Warning’ is the application of Road WrKks
Warning. Wth Road Wirks Warning, vehicles and road users can be

i nformed of ongoing road works along a road. Vehicles and road users
coul d be infornmed about the geographical position of the road works,
t he di stance over which the road works is ongoing, speed limts, etc.
While this road works related information can be send froma server
to vehicles and road users via fixed RSUs, using a nobile RSU can
provi de advantages. One of the advantages of using a nobile RSU for
sendi ng road works related information to vehicles and road users is
that there is nore flexibilty in reaching certain geographical
positions.

When for exanple at a certain geographical position road works is
pl anned for which vehicles and road users should be infornmed but no

W ssi ngh, et al. Expi res Decenber 21, 2014 [ Page 6]



| nt er net - Draf t di ssem nate to RSUs June 2014

fixed RSU is present at that |ocation, a nobile RSU coul d be
positioned at that location in order to be able to send road works
relation informati on to approaching vehicles. 1In order for a road
operator to be able to send the information to the geographical area
of the road works, the road operator should sonehow keep track of the
rel ati on between RSUs | P addresses and their geographical position.
So this use case would al so benefit froma nore dynam c nechanismin
whi ch these rel ations between |IP addresses and geographi cal positions
can be mai nt ai ned.

Such an inplenentation of a nobile RSU wth a Road Wirks Warni ng
application has been devel oped within an European EIT I CT Labs
project during 2013.

4. \Vehicle to RSU di ssem nati on
4.1. Vehicul ar Networki ng

The use cases considered in this section are vehicul ar networking use
cases. However, Internet-w de geo-networking can be applied to any
use case that is simlar to these vehicul ar use cases where source
nodes anywhere in the Internet are able to geo(broad/ any)cast packets
to all/any node(s) wth geo-location awareness within an arbitrary,
sour ce-speci fied destination area.

Vehi cul ar networ ki ng can be considered as one of the nost inportant
enabl i ng technol ogi es needed to support various types of traffic
appl i cations, such as infotainment type of applications, traffic
efficiency & managenent and traffic safety applications.

Traffic safety applications are those that are primarily applied to
decrease the probability of traffic accidents and the loss of |ife of
t he occupants of vehicles. Note that VSC and VSC- A projects focus on
vehi cl e-to-vehicle safety. Another project called Cl CAS-V
(Cooperative Intersection Collision Avoi dance Systens - Violation)

di scuss the traffic safety application over vehicle-to-infrastructure
communi cat i on.

Traffic efficiency & managenent applications are focusing on

i mproving the vehicle traffic flow, traffic coordination and traffic
assi stance. Moreover, traffic efficiency & managenent applications
are focusing on providing updated | ocal information, maps and in
general nessages of relevance limted in space and/or tine.

I nf ot ai nment types of applications are the applications that are

neither traffic safety applications nor traffic efficiency &
managenent applications. Such applications are supported by e.g.,
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medi a downl oadi ng use cases. Such vehicul ar applications are defined
by several initiatives:

o the USA VSC (Vehicul ar Safety Communi cations) and VSC A (VSC
Appl i cations) projects.

0o the European Car-to-Car Conmmuni cation Consortium (C2C CC) [ C2C CC
and the ETSI TC ITS [ETSI TC ITS], [ETSI-TR-102-638] with the
addi ti onal support of some EU funded research projects, such as
SEVECOM [ SEVECOM , SAFESPOT [ SAFESPOT], CVIS [CVIS]. PREDRI VE- C2x
[ PREDRI VE- C2x], GEONET [ GEONET] .

The USA Vehicle Safety Communi cations (VSC) consortium see [VSC], is
supported anong others by CAMP (Crash Avoi dance Metrics Partnership).
CAMP is a partnership that has been formed in 1995 by Ford Mot or
Conmpany and General Motors Corporation. The objective of CAMP is to
accel erate the inplenentation of crash avoi dance counterneasures to
inprove traffic safety by investigating and devel opi ng new

t echnol ogi es. VSC has been realized in tw phases.

The first phase, denoted as VSC started in 2002 and ended in 2004.
The second phase started in 2006 and ends in 2009. VSC focused and
is focusing on traffic safety related applications. 1|In 2006, The VSC
2 consortiumin cooperation with USDOT initiated a three-year

col | aborative effort in the area of wrel ess-based safety
appl i cations under the Vehicle Safety Conmuni cations - Applications
(VSC-A) project, see [VSC-A]. The VSC2 consortium consists of the
foll owi ng nenbers; Mercedes-Benz, Ford, General Mtors, Honda &
Toyota. The main goal of this project is to devel op and test
communi cat i ons- based vehicle safety systens to determ ne whet her
vehicle positioning in conmbination with the DSRC at 5.9 GHz can

i nprove the autononous vehicl e-based safety systens and/ or enabl e new
comuni cat i on- based safety applications.

The WAVE Short Message Protocol [|EEE 1609. 3] was desi gned
specifically to offer a nore efficient (smaller size) alternative to
TCP or UDP over |P, for 1-hop nessages that require no routing.

The European Car-to-Car Comruni cation Consortium (C2C-CC) is an

i ndustry consortium of car manufacturers and el ectronics suppliers
that focuses on the definition of an European standard for vehicul ar
communi cati on protocols.

The European Tel ecommuni cations Standards Institute (ETSI) Techni cal
Committee (TC) Intelligent Transport Systenms (I TS) was established in
Cct ober 2007 with the goal of devel opi ng and mai nt ai ni ng st andards,
specifications and ot her deliverables to support the devel opnent and
the inplenmentation of I TS service provision. It is foreseen that
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ETSI ITS will be the reference standardi zati on body of the future
European | TS standards, and actually the C2C CC provi des
recommendations to the ETSI TC I TS.

The foll ow ng subsections describe use cases that can be inpl enented
using either V21 or V2V. Wen V2V is applied, the use of Internet-
wi de Geo-networking solution is not required.

4.1.1. Traffic safety use cases

In VSC, see [VSC] 34 vehicle application scenarios have been
identified, evaluated and ranked. Fromthis evaluation, a subset of
ei ght significant near- and md-termtraffic safety applications have
been selected: (1) cooperative forward collision warning, (2) curve
speed warning, (3) pre-crash sensing, (4) traffic signal violation
war ni ng, (5) | ane-change warning, (6) energency electronic brake
light, (7) left turn assistant, (8) stop sign novenent assistant. A
brief description of these applications is given below (for nore
details, see [VS(C):

o Traffic signal violation warning: it inforns and warns the driver
to stop at a legally prescribed location in the situation that the
traffic signal indicates a stop and it is estimated that the
driver will be in violation.

o Curve speed warning - Rollover Warning: aids the driver in
negoti ati ng speeds at appropriate curves.

o Enmergency Electronic Brake Lights: it is used to informvehicles
that a vehicle brakes hard. |In particular in this situation a
war ni ng nessage is sent to the vehicles noving behind the vehicle
t hat brakes hard.

0 Pre-crash sensing: it prepares the driver for an unavoi dabl e and
i mm nent collision.

0o Cooperative Forward Collision Warning: aids the driver in
mtigating or avoiding collisions with the rear-end vehicles in
the forward path of travel through driver notification or warnings
of an unavoi dable collision. This application does not attenpt to
control the vehicle to avoid an unavoi dabl e collision.

0 Left Turn Assistant: it inforns the driver about oncomng traffic
in order to assist himin nmaking a left turn at a signalized
intersection without a phasing left turn arrow.

o Lane Change Warning: it warns the driver if an intended | ane
change may cause a crash with a nearby noving vehicle.
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0]

Stop Sign Movenent Assistance: it warns the driver that the

vehicle is nearby an intersection, which will be passed after

havi ng stopped at a stop sign.

In the VSC-A project an additional investigation has been perforned,
on traffic safety applications that can be used in crash i mm tnent
scenarios, see [VSC-A]. The following 7 traffic safety applications
have been selected for inplenentation in the VSC- A test bed.

0]

Emergency El ectronic Brake Light: is a traffic safety application
that is the sane as the Energency El ectronic Brake Light
application defined in the VSC project, see above.

Forward Collision warning: is a traffic safety application that is
the sane as the Cooperative Forward Collision Warni ng application
defined in the VSC project, see above.

Intersection Movenent Assist: is a traffic is intended to warn the
driver of a vehicle when it is not safe to enter an intersection
due to high collision probability with other vehicles. It is
simlar to the Stop Sign Muvenent Assistance application defined
in the VSC project, see above.

Bl i nd Spot Warning & Lane Change Warning: it is simlar to the
Lane Change Warning application defined in the VSC project, see
above. In the Blind Spot Warning application the driver of a host
vehicle is informed that another vehicle is nmoving in an adjacent
| ane and that this vehicle is positioned in a blind spot zone of

t he host vehicle.

Do Not Pass Warning: this is an application that was not
investigated in the VSC project. It is intended to warn the
driver of a host vehicle during a passing maneuver attenpt when a
sl ower vehicle, ahead and in the sanme | ane, cannot be safely
passed using a passing zone which is occupied by vehicles with the
opposite direction of travel. |In addition, the application

provi des advisory information that is intended to informthe
driver of the host vehicle that the passing zone is occupi ed when
a passi ng maneuver is not being attenpted.

Control Loss Warning: this is an application that was not
investigated in the VSC project. It is intended to enable the
driver of a host vehicle to generate and broadcast a control- |oss
event to surrounding vehicles. Upon receiving this information

t he surroundi ng vehicle determ nes the rel evance of the event and
provides a warning to the driver, if appropriate.
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The Car to Car Conmmuni cation Consortium specified a nunber of traffic
safety use cases. The following three are considered as being the
main traffic safety use cases, see [C2C-CC Manifesto]:

0 Cooperative Forward Col lision Warning: this use case tries to
provi de assistance to the driver. Vehicles share (anonynously)
informati on such as position, speed and direction. This enables
t he prediction of an inmnent rear-end collision, by each vehicle
nonitoring the behavior of its own driver and the information of
nei ghboring vehicles. [If a potential risk is detected, the
vehicle warns the driver. This use case requires: the ability for
all vehicles to share Information with each other over a distance
of about 20 to 200 neters, accurate relative positioning of the
vehicles, trust relationshi ps anong the vehicles and a reasonabl e
mar ket penetration (at |east 10%.

0 Pre-Crash Sensing/Warning: this use case is simlar to the
previ ous one, but in this case the collision is identified as
unavoi dabl e, and then the involved vehicl es exchange nore precise
information to optim ze the usage of actuators such as airbags,
seat belt pre-tensors, etc... This use case requires basically the
sanme abilities that the previous one, restricting the needed
comuni cation range to 20 to 100 neters, and adding the
requi renment of a fast and reliable connection between the involved
cars.

0 Hazardous Location V2V Notification: this use case is based on the
share of information that relates to dangerous |ocations on the
road, anong vehicles, and al so anong vehicles and the road
infrastructure. On one hand, vehicles nmay detect the dangerous
| ocations fromsensors in the vehicle or fromevents such as the
actuation of the ESP (Electronic Stability Programj. On the other
hand, recipients of this information may use it to properly
configure active safety systens and/or warn the driver. This use
case requires: vehicles to trust other vehicles and roadsi de
units, reasonabl e market penetration, the ability of vehicles to
share informati on about a specific geographic |ocation over
mul ti pl e-hops and the ability to validate information propagated
t hrough nul ti pl e hops.

2. Traffic efficiency and managenent use cases

Such applications are focusing on inproving the vehicle traffic flow,
traffic coordination and traffic assistance and provi de updated | ocal
i nformati on, maps and in general, nessages of rel evance bounded in
space and/or time. Two typical groups of this type of applications
are speed nmanagenent and co-operative navigation are two typica
groups of this type of applications [ETSI-TR- 102-638], [KaAl 11].
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o Speed managenent; Speed nmanagenent applications aimto assist the
driver to manage the speed of his/her vehicle for snmooth driving
and to avoi d unnecessary stopping. Regul atory/contextual speed
[imt notification and green |ight optimal speed advisory are two
exanpl es of this type.

o Co-operative navigation; This type of applications is used to
increase the traffic efficiency by managi ng the navi gati on of
vehi cl es through cooperati on anong vehi cles and through
cooperation between vehicles and road side units. Sonme exanpl es
of this type are traffic informati on and recommended itinerary
provi si oni ng, co-operative adaptive cruise control and pl atooni ng.

3. Infotai nnent applications

Such applications are neither traffic safety applications nor traffic
ef ficiency & managenent applications and are mainly supported by
e.g., nedia downl oadi ng use cases, see [CVIS], [C2C-CC Manifesto],

[ ETSI - TR-102- 638], [PREDRI VE-C2x], [KaAl 11]:

o Co-operative |ocal services; This type of applications focus on
i nfotai nment that can be obtained fromlocally based services such
as point of interest notification, |local electronic commerce and
medi a downl oadi ng.

o dobal Internet services; In this type of applications the focus
is on data that can be obtained from gl obal Internet services.
Typi cal exanples are Conmunities services, which include insurance
and financial services, fleet managenent and parki ng zone
managenent, and | TS station life cycle, which focus on software
and data updates.

Security Consi derations

No security considerations are considered in this docunent.

| ANA Consi derati ons

No | ANA considerations are considered in this docunent.
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