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Focus on: Automotive Domain Activities

= V2X Communications & Networking
» Dependable Vehicular Communication
— 1-hop broadcast & congestion control
» Contribution to the ETSI ITS, in particular DCC
— C2C CC WG COM co-chair and subWG DCC chair
» 5G extensions to automotive domain
— LTE D2D for safety communication
— Low latency LTE

" Vehicular SDN & NFV
— IPv6 Vehicular Mobility Management
— Mobility-aware Content storage and retrieval
— Vehicular Fog-based processing

" Vehicular loX
» M2M-compliant 0T architecture for ‘connected cars’
» Data-as-a-service architecture for vehicular & crowd sensing

" Vehicular Communication Security
» Software designed security (security by design)
» Embedded security
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Focus on: Tools and Methodologies

" Simulation Platforms
» ITETRIS Platform
— http://www.ict-itetris.eu/
» ns-3 with V2X extensions
— https://www.nsnam.org/
» SUMO
— http://sumo.dir.de

" Emulation / Prototyping
» 5G OpenAirinterface
— http://openairinterface.eurecom.fr/

> V2X Prototyping - —
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EURECOM - Teaching & Research

Academia

= ‘Grande Ecole’ for Communication G A7 MM SN\ e
Systems Industry
> Member of the Elite Cluster SCS mg ET'&%E'E% Ed o7 T @
Cames Q symantee  IABG
» Architect and co-founder of Com4in Institution Founding Member
" Research: 4!9.0!;3}.1

» Mobile & Network Communication — Massive MIMO, connected vehicles, l0T,
WiFi, 5G, M2M, SDN

» Data & Security — Big Data, Cloud computing, cryptography
» Multimedia — Web Semantics, Open Data, Speech/video recognition

" Teaching:
» Engineering Track - Telecom ParisTech
» International Master Track — Mobile Communication, Data & Security, Multimedia
» Post-Master Track — http://www.eurecom.fr/en/teaching/post-master-degree
— Cooperative Communications for ITS
— Security of Computer Systems
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C-ITS Applications — Day 1 mg | jj'

World Class Stundurd:

Architecture, Technologies & Applications

" ETSI Technical Committee on ITS

Applications
( MA-SAP Road Safety Traffic Efficiency Ve;lgf\;ﬁ?edsed
( FA-SAP )
E” Facilities
§ (UF-sap Agzlécsi:ir?n Infsourpmpagir?n Session Support n’\ q ' " S e i
2 S " Applications Source: C2C-CC
é Transport & Network » Active Road Safety
S o, [___sTranspon | | TCPIUDP | — Cooperative awareness
EAEREAEE - Hazardwarning
T » Cooperative Traffic Efficiency
p— Access Technologies — Adaptive speed management
N TS G5 AlB — Cooperative navigation

" Technology
> ITS-G5

— |EEE 802.11 for vehicular
environment

— a.k.a: 802.11p, DSRC
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C-ITS Applications — DAY 2
Objective: Highly Autonomous Driving

" Not such a new idea = A very marketized idea...

Source: google

= ...yet avery ambitious idea

Source: toyota
Source: US Peloton
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C-ITS Applications — DAY 2
Objective: Vulnerable Road Users

= C-ITS not only between Vehicles " C-ITSis part of the
Internet-of-things
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From ‘Cooperative’ to ‘Connected’
- A Change in the Eco-System

" Cooperative vehicle
» driven by car industry

Qe .‘b
DAIMLER g

" Connected vehicle (things)
» driven by Internet & wireless industry
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C2V Case Study: H2020 HIGHTS Project

[

HIGHTS: High Precision Positioning for Cooperative ITS
» Start: 1st May 2015

: —=> D
Topic: HIG
» Cooperative Positioning providing sub-meter (<0.5m) precision e ‘:' .
» Positioning service for autonomous driving and vulnerable road users

1

http://hights.eu/

Situation:
» Ego localization with laser/radars/cameras show a high potential for self positioning, but..

— not efficient in bad conditions (weather, traffic, curves, etc..), expensive, not interoperable

> QObjective: innovative use of C2V to

. . Observation: earstopped broke rvation: rian crossin
— Cooperate to enhance positioning down e P o aoe

Coordinate: GPS

— Connect to an IoT to exchange navigation and landmarks  becision: ianeclosed Danger
— Unify landmark semantics for cross-platform interoperability A @
Gatewa

Decision: Danger

SU/LTE
Partners:
© BOSCH L v L T e
# "~ lventedforlife Leta N cons Observation: car stopped \/
DLR Coordinate: GPS % / ~ — —p
CHALMERS t.ﬂs.s"'"'"m"' Decision: lane closed ﬂ / A ﬂ
EURECOM — ‘ — ¥ .
JR _ Observation: pedestrian
INNOTECE c>» Be crossing
FBCONSULTING ZIGRPOS ;/_u\{i, - Coordinate: lane 3, 50m
’ Decision: Danger
ibeo)
aaaaaaaaaa
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C2V: Cooperative Communication — G5 vs. 5G

" Penetration rate
» Device Market Penetration:

— G5: Enabled cars = 50% in 15 years
— 5G: Smartphones/things = 50% in 2 years
» Network:
— G5: Road Side Units will be deployed in the next years
— 5G: Network already available and in expansion
®
y —
" Frequency bands
ITS
Fred. 5170 5330 5490 5490 5855 5925
(MHz) ' ' ' 72 176 180 1e4)
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C2V: Cooperative Communication — G5 vs. 5G

= G5 for Safety Automotive

= data
| =——Geometric distribution. p, = 0.738
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C2V: Cooperative Communication — G5 vs. 5G

TX power TX range
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" Fish-Eye Awareness Control

» Random Tx Power Control to
o mitigate correlated packet
collisions

» Tx Rate Control to increase
awareness quality

monitoring

N,

high Awareness range
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C2V: Cooperative Communication — G5 vs. 5G

10’
: —| == Constant Full Power, 33 dBm  {
H = Random TX Power. U[3.33] dBm ||
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Fish-Eye Awareness on IRT

— Decorrelate hidden node-
related collision

— Factor 30 improvement at 1Hz

Reference: B. Kloiber, J. Harri, T. Strang, C. Rico Garcia, Random
transmit power control for DSRC and its application to cooperative
safety, IEEE Trans. of Dependable and Secured Communication,
Volume PP, N°99, 2015

Source: Volvo

Fish-Eye Awareness on position error

— Factor 10 at Im
— Factor 70 at 5m

| === Constant Full Tx Power

] == Fish-eye Awareness Control

= factor 10

X
—
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Distance d [m]
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C2V: Cooperative Communication — G5 vs. 5G

" An alternate view - 5G for Safety Automotive

» Multi-cell / operator resource Allocation

A 0 1 2 3 4 5 G 7 8 9
Legend - D .
nd: Q

g :_ RB2 RB](]2 RB202
[ MBSFN area £ RBs [RBos RBa0s

RB4 |RB RB.
55 g LTE frames with v : .104 ‘204

o || K ommon dedicated . N .
v’( Sllhfl'ﬂl'[l(,‘s RB]OD RBQOD RB300

time

> FUIly d|Str|buted Fresource SChEdU“”g RB; - RB@;{\B‘ R?RBH RBit;m 7B(L1)1R3+1 IT/BLIRB

— Locally, vehicles group RBsinto 000 - Doog - O~ 000 - ©
slots the size of one CAM packet — "~ ——

> Challenge: X XXy
) .. .. UE;, 1 O 0 0 1|010{1]/110 O
— Select §!ots with minimum collision U, 0 0 0 0[1]0 0 1
prObablllty UEs 0O 1 0 O {1] 0 (0f{f1]0 O
= Sounds familiar !! ﬁmsions/
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C2V: Cooperative Communication — G5 vs. 5G

Transmission rate = 10 CAMs per second

| | I | | —DSRC ' ' ﬂé\m,_._r‘
! : : —LTE-D OOC w = 2, lambda = 1||
‘ U2 out-of-UTRAN
gos ;
ﬂé [« o]
£06 | Out-of-UTRAN
fa
Lo4 | |
| _ 4 A
) Adjacent Cell )
% 20 40 60 80 100 120 140 160 180 200 __.-~Eritical for V2X
Vehicles density [Vehicles/km] B
IRT
PRR 0.35 T T T T T T x u -
. : : —|RT WiFi-DSRC
Performance metric: —IRT LTE-DSRC |
successful packet reception 2
(PRR) (packet delivery rate) 0%
— RX-centric — Inter-reception g
Time (IRT) between two c -
successive CAM g
Fefs/rze)r(lcgz Laugant (:;jallo, Jcé:réme Harri, ‘_‘Dedicf';lEtE(Ijzgrhort Range LTE _ -
or irect Broadcast Communications”, ransaction on 0.1 ' ' ; ' ' ' ; :
Vehicular Technology (to be submitted), 2016 ° 00 Vehic?gs dens}t[:fo[\fehi;lzeg!km] L
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C2V: Cooperative Localization

dispersion of
car 1's position

@ dispersion of
“ege” car’s position
after fusion (CP)

» Use of GPS and known fixed anchors

" Non-cooperative Localization: &
J Car 1 @t,
> Use on-board devices (laser scanners, radars..) %

dispersion of
“ego” car's position
before fusion (non-CF)

-

" Cooperative Localization: L

., T
car 2's position 5 @ t3 T

> Use Cooperating vehicles as landmark c1Y Rl
» Neighbor selection for optimal multilateration @h})
Car 3
“ego” estimation .
A " Challenges of Cooperative
0 = o o Communications
& Neignbor j .
incll?:::dmc.t\m | Asynchronous > AsynChronOUS Samp“ng
Ve =stimation from > Not all neighbors are born equal
OK/_ self prediction - M? car to car . g . q
T T G > ool — Various GPS quality
27 giie qmmw / » Correlation (space and time) in samples
9”( B 4 61, = 8,6/ .
o T o > neighbor 1
- prediction by “ego” i 1 u n )
global time global time Em
window k — 1 window k
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C2V: Cooperative Localization

" Bayes Link Selection Criterion o, ? o
> Link Selection - General goals Seal AN LT
1. | (reduce) computational complexity - ;‘\é:
2. | (reduce ) communication loads 9‘ A 4
| \\
, @
» Non-Bayesian CRLB criterion 6

1. Radio link quality
2. Geometry of reference vehicles

» Bayesian CRLB criterion
1. Radio link quality
2. Geometry of reference vehicles —Q
3. Uncertainty of neighbors’ Presumed probability : \ﬁé
estimated positions _
density of local /3
position estimates

(possibly transmitted
also in CAMSs)
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C2V: Cooperative Localization esrsrz)

p- 25

" Cooperative Localization _.
» Benefits: 120

— Helps in degraded GPS conditions =

> Drawback: 2" ( A

] . . Nﬁg,u_u - - filteredi(_EPS
— Complex fusion; careful neighbor i e o o

--------- BCRLB-based selective fusion

SEIeCtion ® GPS error level

* transition in GPS error level
() C—— — i — —
20 30 40 50 60 70 80 90 100
time [s]

normal Gl
lost GPS

LY

SD of GPS residual errors [m]

=]

" Challenges:
» Heterogeneous Neighbor > Correlated Localization » References

Q u aI ity . ‘ . c‘orrelateld noises
filtered GPS @ 10 Hz
1 , — A e u M. Hoang, B. Denis, J. Harri, D. Slock,
— & —exhaustive fusion ) . TTTTIYY =7 Se|eCt Thy NelgthI‘S LOW .
sl o o e e | % w  w @ W w  ® % w Complexity Link Selection for High
- N lobal time window 1] 1 H
RN % oot tme window Precision Cooperative Vehicular
R o 9 ST THored GP3 (OW) & 1075 Localization, IEEE Vehicular
50‘5'3 Al ¥ ] ol T eGP (DM @ 102+ DR 1 42z Networking Conference
4 P oo e PPN e pppa - . —
Vi ] g 0 . ) . s .
E 0.4—2 %Ek o a % g 1 020 30 40 50 60 70 80 20 100 I\B/I Hoka'ng’ E DGenésll JkHafrrSI’ D-_SIIOCk,
S B o g § global time window rea Ing t e rl OC_ o patla
3 E 8 5 3 . _iidnoises Correlation in GPS-aided IEEE
02l 5 8 | 5 potEee 3 E i GPS @ 0Hz 802.11p-based Cooperative
s £ 8 £ £ g2 R Positioning, under revision, IEEE
= = a 2 = . ! . !
S & 2 = > SN ittt et Transaction on Vehicular Technology
o 20 30 40 50 60 70 80 90 100
8 7 9 5 114 6 10121 2 3 13 14 15 global time window
vehicle index
—
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C2V: Connected Services R R+

= w

" (C2V data as a ‘Service’ to data consumers oy 7 I o, i
> C2V Data needs to be discovered Dacin s Drger 255 2
> C2V Data needs to be processed e A
» C2V Data is shared by C-ITS services ~ “losp s |
= |Initial architecture specification B e n
loT/M2M for cooperative localization/landmarks N S ;
. . . Observation: pedestrian
» Adapted to Highly Autonomous Driving (HAD) and ﬂ;;o;:;:gate:mmm
Vulnerable Road Users (VRU) Decision: Danger
" loT/M2M archltecture for C2V Services
N o
/_. .:"-",.
» Reference
o< = Datta, Soumya Kanti; Bonnet,
e AN Christian; Harri, Jérébme Fog
J ot PN computing architecture to
TS U enable consumer centric
b Internet of Things services,
e 8 e weban IEEE ISCE 2015, 19th IEEE
R e seer A W International Symposium on
T : — B - — Consumer Electronics, June
— S - — - — 24-26 2015, Madrid, Spain

EU R E C O M 10/02/2016 - -p20



C2V — Connected Services

ITS-G5 @
(@) AVAVAVA (@) SRAVAVAYA (@)

OBU RSU M2M GW Android App
Registration
_ Y Discovery 2
4 Veasurements
Data
Generation Consumer
Agent Collection Data Storage & Resource
Proxy Data Processing Discovery
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Cooperative Connected Vehicles (C2V):
where loT meets C-ITS

" C2V -bridging two eco-systems

> Automotive & Wireless Industry o ; 3

> Different operations: M »;’ | @ ’@i"é‘: R
— C-ITS — horizontal ’ - S PRI
— loT — vertical

" [oTin C-ITS — Cars as Connected Objects
» Ubiquitous loT/M2M architecture
» Local resource discovery through C-ITS communication
» Unified Services

" |oT/M2M architecture in C-ITS domain
» Transparent to C2V technology (5G or G5)

» Extensible to different loT domains Fa\\k
— Smart Driving You
— Smart City / Traffic ' \/{i\.
— Electro-Mobility @ e

Jérome Harri
Jerome.Haerri@eurecom.fr
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