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GeoNet Fact Sheet

» Starting date: 1% Feb. 2008
= Duration: 24 months

= Budget: 3 M€

= Funding: 1.9 M€

= [/ partners
+ 2 Research Institutes (INRIA and IMDEA)
+ 1 SME (Broadbit)
+ 4 industrial partners (EFKON, Hitachi, NEC and Lesswire)
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= Web: http://www.geonet-project.eu

= Objective: Design the concepts linking geographic
addressing and routing with IPv6 mobility mechanisms
(IPv6 geonetworking)



http://www.geonet-project.eu/

GeoNetworking

Q&NeT

IPv6 geonetworking will ensure convergence between
both IPv6 and non-IPv6 communications

In addition to decreasing road fatalities and injuries in
accidents, it will improve traffic efficiencies and create new
business markets.



The GeoNet Project
Ao

» The GeoNet's 3 main axes:

+ Knowledge: to elaborate a unified GeoNetworking solution
compliant with best practices in vehicular communications;

« Standards: to produce a reference GeoNetworking
specification and push it in standardization organizations
(particularly IETF, ISO and ETSI);

+ Software: to produce two prototype implementations and
disseminate it to existing consortia (particularly SafeSpot,
CVIS, COOPERS and C2C-CCQC).




GeoNet Work Packages

WPO:
WP1:
WP2.
WP3:
WP4.
WP5:
WPG:
WPY:
WP8:

Cored\e!

Management (INRIA)
Architecture (INRIA)
Specification (Efkon - Broadbit)
Implementation (NEC)
Conformance testing (Broadbit)
Emulation Environment Development (Hitachi)
Integration & Porting (Lesswire)

Experimental validation (INRIA)

Dissemination & use (INRIA) 5



GeoNet Relationships
BT AFod\ef

ISO

TC 204 WG 16
ETSI IETF

TCITS

- - | PREDRIVE C2X
Intersafe-2 :
Qg(NeT Cybercars-2

Field Operational
Tests

HAVE-IT

COMeSafety ‘ SeVeCOM
CVIS ITETRIS

Advisory Board

Safespot CAR 2 CAR 'COOPERS

Communication Consortium




GeoNet Scope

Information Connector

GeoNet's scope
|EMO)

MAC /LLC MAC /LLC
== C2C MAC Layer Extension
European IEEE 802.1 1Ip IEEE 802.11 a,b,g Other Radio
| | (e.g UMTS)
] PHY PHY
European IEEE 802.11p |EEE 802.11 a,b,g



GeoNet Scenarios e
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= GeoNet: scenarios requiring both IPv6 and
geonetworking

= Scenario Type 1: sender is in the Internet
+ Packets are transmitted in IPv6 until the RSUs serving the geographic
area where they are GeoRouted through intermediate vehicles to the
final destination(s).

= Scenario type 2: receiver is in the Internet

« Packets are GeoRouted through intermediate vehicles (using
GeoUnicast) until a RSU where they are transmitted in IPv6 to the

final destination.

= Scenario type 3: sender and receiver(s) are only

reachable through the Internet
+ Combination of Scenarios Type 1 & 2 where source and destination(s)
are out of multihop wireless range




GeoNet Scenarios
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GeoNet In-Vehicle Network
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GeoNet C2CNet Link

AR (GeoNet RSU)

MR (GeoNet OBU)
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GeoNet domain
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GeoNet Functional Modules

MNG-UL

g@

o |
!
L |

0C: Position

2.5C: Location
Management

Sensor

Beaconing

Location Table

Location Service

C2CNet Layer

Upper Layer
I PUL D
@HG_,F\B 3A: IP 3B: Mobility Support
Forwarding Routing NEMO MCoA
0A: Geo-
destination IPv6 over Ingress IPv6 over C2CNet
3C: Multicast
0B: Security & IP Layer
Privacy ( Cc2CIP C IPLL )
2.5A: Geo-position 2.5B: Geo-routing
@G'c@ calculation - 2B: Ingress
Geo-unicast :
Interface

Geo-broadcast

Geo-anycast

Topology broadcast

Store & Forward

¢ CAELE D

@G-LL

Management

Lower Layer

2A: Egress Interface

802.11p

Lower Layer

-
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GeoNet: Management Layer

Qveci\j\

@Nc

K
- |

0A: Geo-
destination

0B: Security &

Privacy

0C: Position
Sensor

2.5C: Location
Management

Beaconing

Location Table

Location Service

C2CNet Layer

Upper Layer
{ IPUL
-'P\B 3A: IP _ 3B: Mobility Support
Forwarding Routing NEMO MCoA
IPv6 over Ingress IPv6 over C2CNet
3C: Multicast
IP Layer
( c2cIP ) ( IPLL )
L’:@ 2.5A: ?ETPﬂEitiﬂ" 2.5B: Geo-routing
calculation ;
Geo-unicast zﬁ'thr?;E:E

Geo-broadcast

Geo-anycast

Topology broadcast

Store & Forward

¢ CAELE D

Management

-LL

2A: Egress Interface

802.11p

Lower Layer

Lower Layer

]
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GeoDestination encoding in |IPv6

= GeoDestination
« Transmitted from the application to GeoNetworking layer
« Several encoding approaches

= Concept:
« Multicast: only one copy of a message is transmitted on any
given iff there is a group member
+ Geocast: flooding in a bounded geographic area

3 pits 4 bits 4 pits 112 bits
D}:FF """"" DE § group 1D =C2C 1D
g flgs :scope: |

= GeoNet simplified implementation
+ Application provides GeoDestination ID
+ |Pv6 multicast address encodes GeoDestination 1D
+ C2CNet retrieves GeoDestination mapped to ID

15



GeoNet: |IP Layer

MNG-UL

Upper Layer
{ IP-UL
QNG-'P\B 3A: P . 3B: Mobility Support
Forwarding Routing NEMO MCoA
O0A: Geo-
destination |IPv6 over Ingress IPv6 over C2CNet
3C: Multicast
0B: Security & IP Layer
Privacy ( Cc2CIP C IPLL )
2.5A: Geo-position . : i
@G-G@ calnuIaI:iun S 2B: Inaress
Geo-unicast In.ter?aue
2.5C: Location
Geo-broadcast
0C: Position Managame it
Sensor Benconing Geo-anycast
LOCRN0N 19510 Topology broadcast
Location Service T —
C2CNet Layer
( c2cLL )
@G-LL
2A: Egress Interface | 802.11p
Management Lower LEI)'EI' Lower Layer

Q;Nef
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IP Forwarding (V2X)

C‘CNGT

Module 3A: Dynamic IPv6 routing table updating is based

on Neighbor Discovery extension (MNPP)

Ethernet
weees [EEEB02.11p
[ ]
| J—
=
AUL OBU1 OBU 2 OBU3
Vehicle GeoNet domain [ £
IPVE IPVE : IPVE
Link layer Link layer czcw/ C2C NET C2C NET \C{NET

—
AU2
ehicle?
IPvE
Linkhy/ Link layer

Module 3B Network moblllty support using N

- |EEEBDZ.11p

A)\Q

NEMO tunnel {(IPvi)

£ Vehi GeoNet domain
IPvi IPv& »| pus
Link layer wer C2C NET 20 NET C2C NET| Link Layer

RNET

v

IPvE

IPvE

Link layer

Link layer
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GeoNet: Multicast support

ngNeT

= Multicast management is based on MLDv2 mechanism
= Multicast handling is fully integrated with C2CNet layer

(on)

GPS
| ( ™) | = |
C2CHet | C2CHet |
| Multicast o~ g r~ = Multicast
—w| Forwarding l+——|PositionSensor | PositionSensor |—» Forwarding |
| Module | Module
N -
| SAP CZC-IP o — | — =y SAP C2C-IP —— |
i LowerLayer _ | LowerLayer : |
’ " | ™ - . F 3 H k
E , Packat f:rl.l.!.'-lrrlncl | . S — L |
| P o WAt vterface 4n tunnelling interface i
| : | ] |
- Multicast Multicast
| fnrwaréing Packet forwarded | Packed received f.'hmarding |
Cache H on egresk interface on egregs interface . E:aw::ha
| SRR (- Forwarding | Forwarding i |
—
i = Engine Engine 5
| Virtual ks | e Virtual |
intarface Packet fu:i‘w air il il interface
| Table an ingrass{intarface Table |
F L-_:__ﬂ__'_-‘ o
| P"-:t receive GeoNet OBU1 GeoNet OBU2 |
on ingress interface

[ |
| |
j : | -
Sender : "‘ Receiver | .

Sender Side

Receiver Side
—_— Packel flow
..........-..-..... ACEHN

—p  Liata fiow




C2C-IP SAP between C2CNet &

= Defines the integration of IPv6 forwarding on top of
C2CNet layer

eCNeT

Note: five alternative mechanisms have been subscribed for
encoding of multicast GeoDestination — ETS|I WG3 should
select the most suitable one(s) for the geonetworking standard.

I- il ir - : '
I Layi ':‘ C2CNet Laver :II.I[-. il Headker

: tabla
Linic ast unicast acdodress : Location tabk

Geolnicast ; &4 hit: pf Lalitude
l'*'-"-""'lf-'“"' o C20Net ID ———{__ I'longitude

IP Next hop

Location table

Multicast | ——p| Latitude

GeaBroadcast — - o g !
I multicast address H_p GeoDestination 1D : Lonatude

.I Radius |

Mulbicast multicast address
TopoBroadcast

Hop limit ; ? o[ Hop limit

iLn:al'_mn table
T ——{ Latitude
—-—-_.,. Longitude

/=

Anycast -
GeoAnycast

anycast address | —i— GepDestination 1D




GeoNet: C2CNet Layer

MNG-UL

0C: Position
Sensor

2.5C: Location
Management

Beaconing

Location Table

Location Service

C2CNet Layer

Upper Layer
{ IPUL
qﬂ"ﬁ-'F\B 3A: [P 3B: Mobility Support
Forwarding Routing NEMO MCoA
0A: Geo-
destination IPv6 over Ingress IPv6 over C2CNet
3C: Multicast
0B: Security & IP Layer
Privacy ( c2cIP ) C  IP-LL )
2.5A: Geo-position 2.5B: Geo-routing
@G'C@ calculation . 2B: Ingress
Geo-unicast :
Interface

Geo-broadcast

Geo-anycast

Topology broadcast

Store & Forward

¢ CAEL D

Management

@G-LL

Lower Layer

2A: Egress Interface | 802.11p

Lower Layer

Qgﬁ'ﬁ\le’r
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C2CNet: Specification

= GeoNet has completely specified the GeoNetworked

packet forwarding / distribution functionality:

+ GeoUnicast

+ GeoAnycast

+ GeoBroadcast

+ TopoBroadcast

+ Message buffering (with GeoNetwork triggered re-evaluation)

= GeoNet has completely specified the GeoNetworked

location management functionality:

+ Beaconing (periodic single-hop broadcast)
« Location Table
+ Location Service (lookup of unknown destinations)

m -m -m . L

GeoUnicast GeoBroadcast / GeoAnycast

P £ i

b |
ed\ef
b L |
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C2CNet: Functionalities (1)

CngeT

= Location management

+ Beacon
+ Location table
+ Location service

NET BEACON PACKET

. C2C-CC Common

Position Vector header

s

~—

NETBEACON PACKET \ /

Location Table
PositionVector(\

|
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C2CNet: Functionalities (2) _
Q;'IN@T

 Location service

Node1 Node2 Node3 Node4
— LocationRequest
Data ™ (NodelD4)
(NodelD4) / | e

| [ Y LocationRequest

| ~——~---_____1(rgl_c_:-gi_eID4)

| T TTT—

: LocationReply *_
(NodelD1, Position) LocationReply

. (NodelD1, Position)
A ___'_r_:___h______ Data
e S (NodelD4)
—— Data
___{_NodeID4}
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C2CNet: Functionalities (5)

» Georouting

Qg%ef

— TopoBroadcast
- AT
' ~
\ &
[ - \
‘/ 1
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C2CNet: Packet Format suffit

I i -+l

{fﬁﬂl——ﬂﬂl\!

0
|
|

- “I'll**—ﬂ"l'll”":/ﬂr |
2

1 3

Common header

Source node position vector

0123 4567890123456 78901234567T89701
t—F—F—F—F—Ft—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+ -+ —F+—+—+

t—t—+—F—F—F—F—F—F—Ft—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+—+—+

+—+—-+-++-+-+-+-++-+-++-+-+-+-+-+-+-+-+-+-+-+—-+—-+—-+—-+—-+-+—-+
Destination node ID

I

|
—+

|

|

|

!
1

|

|
4—

|
+—

|
+—

|

+—+-+++++++++-++-++++—+-+—+-+—-+-+—-+-+—4+—-+—+—+-—+—+
Destination node Latitude

+—+—+—F—+—F—F—F—F+—F—F—+—F+—+—+—F—+—+—F—F—+—F—F—F—F—F—+—+—+—+—+
Destination node Longitude

+—+—+—F—+—F—F—F—F+—F—F—+—F+—+—+—F—+—+—F—F—+—F—F—F—F—F—+—+—+—+—+

Payload

—+
|
—+
|
—+
|

t—F—F—F—F—Ft—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+ -+ —F+—+—+

Q;Ne’r
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C2CNet: GeoBroadcast Packet Format

0 1

0123456789012 345678901234567868901
T T St S E S S S e o B e

Common header

Source node position vector

Target Area /
S il ] Ll D D
m [
thhh‘.F FID D
i 11
N
2 3

T e s H T e T S s T S s s St S

Reserved | Radius

t—t—t—t—t—F—F -ttt -ttt —F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+—F+—+—+

t—t—+ -4+ttt F—F—F—+—F—+—+—+—+

Destination node Latitude

Destination node Longitude

Payload

e e R s e s S e e e e e gts ant I

e e R s e s S e e e e e gts ant I

T T St S E S S S e o B e

' e(Ne’r
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GeoNet: C2CNet Layer

MNG-UL

0C: Position
Sensor

Upper Layer
I PUL D
@HG_,P\B 3A: IP 3B: Mobility Support
Forwarding Routing NEMO MCoA
0A: Geo-
destination IPv6 over Ingress IPv6 over C2CNet
3C: Multicast
0B: Security & IP Layer
Privacy ( Cc2CIP C IPLL )
2.5A: Geo-position 2.5B: Geo-routing
@G'c@ calculation - 2B: Ingress
Geo-unicast :
Interface

2.5C: Location
Management

Geo-broadcast

Beaconing

Geo-anycast

Location Table

Topology broadcast

Location Service

Store & Forward

C2CNet Layer

L

=

Management

G-LL

Lower Layer

C2C-LL .

2A: Egress Interface

802.11p

Lower Layer

BN
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C2CNet: Lower Layer

= Alower layer adaptation module has been defined to

support multiple underlying MAC/LLC types
= Two lower layer packet types are supported in current

GeoNet implementation:
+ C2C Demo packet format

+ CVIS packet format

QCN@T

=
GE l:'” E't (Gae-rodtng, posiBon-basad rodating , module 4] E
v
¥
Ay GeoNel module ?‘.
n
SAP C2C-LL | ] Internal interface as defined in this document
Module 2A: Egress interface Module {Lower layer module)
HE ks welapsarelant
puh [Cpls Bingd | s [y |
_-:HTIn;q:l'l_ _::::::ﬂ- III:'I-..'I'III:I-I'“
phEmrpra o e E
vandoe)
A N
i =
¥ :I -]
o p
i \ 3
\ n
=
[
0
o
£
ETSI
E v | Eu
III:"!'::all 1 I..l::'IHII 'TE.-GE.I.
Renssat | e
Hilachi EC ) {1 o " B

Jafe L3N 2D

JaiET) S50 S
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Summary: GeoNet output

= C2CNet Layer:
+ 2 independent implementations (Hitachi + NEC)
+ Multihop forwarding
+ Position-based routing

cﬂe ONeft

= |P Layer: extensions of the Linux IPv6 stack / UMIP
+ SAP C2C-IP
« MNP provisioning: exchange of in-vehicle |IPv6 prefixes
+ IP multicast configuration

= A conformance testing suite is available for validating
future implementations |
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GeoNet Limitations & future Wq,tk

B |
b |
edNef
b L |

= C2C Transport layer over C2CNet is to be defined yet

= Only single radio channel is defined currently, multi-radio
support is to be defined yet (multiple instances of the
C2CNet demon can be run in parallel presently)

= Congestion control has not been specified

= A mechanism for sharing Location Table (i.e. neighbor
awareness data) with Application layer has been
described, but not fully specified

= The most suitable alternative(s) for multicast destination
area encoding should be analyzed and selected

30



Next steps for ETSI TC IST WG3

= Feedback for perfecting the resulting GeoNet
specifications

= Adopting contributed specifications into existing ITST

WI:

+ GeoNetworking
+ IPv6 GeoNetworking [ETSI-TS-102-636-6-1]

= Extending according to issues listed on previous slide
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C2CNet: Introduction
@e‘cb\leT

GeoNet
O 8- -6 9
OBU1 OBU2

AU1

AU2
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GeoNet GeoUnicast

Q;Ne’r

« Packets are forwarded from the source to the destination based on
geographical information.

—In GeoNet, we consider greedy forwarding mechanism.

Destination




GeoNet GeoBroadcast

@ngeT

« Packets are forwarded from the source to all the nodes geo-located
within the geographical area.

—In GeoNet, we consider geo-flooding mechanism.

Destination




GeoNet GeoAnycast
y @(Neﬁ

« Packets are forwarded from the source until reaching any node geo-
located within a certain area.

— In GeoNet, we consider greedy forwarding mechanism.

Destination
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GeoNet topo-broadcast

@ngeT

« Packets are forwarded to all surrounding nodes, hope by hop, up to a
certain distance (in hops).

— In GeoNet, we consider flooding mechanism.
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GeoNet: Vehicle testbed

QQCN@T




GeoNet Emulation (NCTUns
EEiation (NG T nsdany..

Emulated
C2CNet
OBUs
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GeoNet-CVIS EDA (CINT) <oy
edNet

Wrong Way Driver Warning

Slow down

Broadcast/Push
Roadside unit = Vehicle

Hazard ;’W down

Traffic Hazards Warning

matey2 a)airdaV

)
(ot
v

Broadcast
Vehicle=> Vehicle

aaaaaaa

Traffic jams, Broken down vehicle
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GeoNet-CVIS EDA (CINT)

Dynamic Speed Limit Warning

@N ef
;peeding ]
;
EE 2k E " “ o .

Roadside Syste m

(e

Broadcast
Roadside unit = Vehicle

Road works warning

Broadcast
Roadside unit = Vehicle
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Conclusion

\ 4SJON(SY
= |Pv6 & geonetworking are combined
+ |IPv6 multicast is hiding geonetworking from the application
layer => |Pv6 applications could exploit geonetworking
without modification
+ C2C-NET is providing for geonetworking

» Status

1 reference specification, 2 prototype implementations
Experimentation on a fleet of 4 vehicles

Emulation with NCTUns and real vehicles

CVIS selected as the target platform

* * * *
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Enabling Technologies
g g @Nef

v Geographic addressing « IPve geonetworking

v Geographic routing v [P V6 support  with
backward com patibility

Position Table

D Position

Upper Layer

2 [5,0]
4 [10,0]
5 [12,1] Destination 6 at [15,1] Source 1 at [0,0] IPv6 (NEMO)

par C2C NET

‘ F 802.11p
Source Destination

|
il
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C2C-NET Forwarding Types

= Geo-unicast

= Geo-anycast

= Geo-broadcast

= Topologically scoped broadcast

Target Area /

Geo-broadcast

Q;;C'ﬁ\le’r
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IPv6 Forwarding

* |[Pv6 over C2C-NET

« Support IPv6 NEMO tunnel

AUA1

-*

IPv6

Link Layer

- d____:_;i'-__‘r’:_:__ o

&

Q’e‘fNeT

N

OBU1 OBU2 AU2
> [vpperiorn [
- IPvB IPvG - IPv6
«» |Link Layer cete st ceett Link Layer || «» |Link Layer
Y Link layer || <=— | Link layer || <=—" | Link layer y Y
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Conclusion

( h ’P N | -
edNel
= |Pv6 & geonetworking are combined
+ |IPv6 multicast hides geonetworking from the application layer
+ Very few modification required for IPv6 application
« C2C-NET provides geonetworking

» Status

+ 1 reference specification

+ 2 prototype implementations

+ Experimentation on a fleet of 4 vehicles

« Emulation with NCTUns and real vehicles
+ CVIS selected as the target platform

= Standardization challenge
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IPv6 Addressing <
epN\et

= Permanent IPv6 prefix (MNP) is configured in the

vehicle

Allows vehicle nodes to be reached at a permanent address
Allows correspondent to retrieve the address in the DNS
Allows to maintain session continuity while moving (NEMO)

*
L 4
*

FMMPL::fS5d MMPZ: . S5d
CEULl -_— “--Y-
: Prefix3::C2CID1 : Prefix3::C2CID2
i czciD1 : C2CID 2
i id i & ©OBU B id
DEU "—'.-!..ﬁ-:-—-.l----------h.rr--------‘;i;-_i-------r-r++++----a------% DEU
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IPve Mobility Support (NEMO
V—PP(&QM

= Vehicle keeps IPv6 prefix (MNP)
= OBU/MR configures a transient global Care-of Address

(CoA) from the IPv6 prefix announced by each
subsequent RSU/AR

Ether
sesssresssssnsennens [EEEB 02.11p ﬂTE RN ET
| | | ? g i '
/ OBU1 OBU 2
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IPvo Forwarding: V2V
I, MY Aot

» OBU1/MR1 needs to discover MNP of OBU2/MR2
» NDP extensions to announce MNPs to all OBUs/MRs
on the C2C-NET IPv6 link

c_———-’“" INTERNET _ — Rs0 @

—_'"'"_'_'H

- Cc2CID3
C2CID6 CEEID?'+ L Router Advertisement

C2CID5 :
'L
. i = _'
':_:E'-l'....-.-.n _FL 4—-—#""—-—'
H*_.....-—-'-"' Preﬂxl ,.’Eud.
MNP2::/64 % Y sy c2ap1l  OBUL
..- ::'. +'-. . p': """""""""""""""" ' !
1 ] . s [ - i
g4 c2c02 & i o I[Pdﬁiunr:tgtabl:einfna}m fe80::C2CID3 ]
.................. .I"r &T1au rouce {(:: == o
I
H € --“'“ MCEC'D“ [ MNP2::/64 --> fe80::C2CID2 ]
OBU2 EECIDB
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IPv6 Forwarding: V2|12V

Qg&!m

— Unicast ina C2C NET

4— Unicast via Internet
IP Layer : |
' . 1 \
E - - a-s IP header
h \ \ Src. MNPL::AUL
P header P header Dst: MNP3::AU3
Src MN1:AUL Src MNPL:AUL C2C NET header
Dst: MNP2::AU2 Dst: MNP3::AU3 Src ORUL
COCNET header COCNET header o] D Lost o CHUS
Src 0BUL Src. OBUL , T
. Dst: Positon of OBUL N Dst: Postion of RSU A SR
S e, =
7 li . C I:
"y -~ LA
L& . / g i 1
=L ' i 5 ‘:L L i
\ II+I|+ b 5 1 r EEREEER R AR NN oy
¥ 1 E 'A !""‘I‘ - &
by ;l LU TP Ak l:l .r *l,np-
b = N7 i
_f ORU1 H
C2C NET Layer C2CNET Layer
kY
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IPv6 Forwarding: Next Hop = o\
I ped\et

= Routing: Sending OBU determines next IP hop to OBU
serving |IP destination

= Diagram: Finding OBU3 from destination IPv6 address

C2C header
(Dst) C2CID3
(Src) C2CID1

IP header

(Dst) MNP3::AU3
(Src) MNP1::AUl

CB

1

)PJCEC mapping

c2CID1 oy i, IR

MNP1::/64 T

AUl

=

C2CID3 MNP3::/64

—

IP header
(Dst) MNP3::AU3
(Src) MNP1::AUl

Ethernet

IPvE
C2C NET

IEEEE02.11p

—a
AU3

é C2CID2

CBL 2

|
MNP 2::/64

-]

All2
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|IPvo Multicast

e

= Group ID = identify a group of nodes interested to
receive a given service

= Nodes in given geographic area interested in the
service must join the group

8 bits .4 bits '4 bits | 112 bits

OXFF | flgs |scope, group ID = C2C ID
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IPv6 Routing <
ePN\et

HAL

— Unicast ina C2C NET

4— Unicast via Internet
IP Layer : |
' . 1 \
IP header
TN \ \ Src: MNPL::AUL
i IP header P header Dst: MNP3::AU3
wfoul Src: MNL::AUL Src: MNPL:AUL C2CNET header
C2CNET header C2CNET header e | Det Position of OBU3
Src: ORU1L Src: 0BUL N
0BU? Dst: Posiion of OBU1 N Dst: Postion of RSU i 'I'ﬁ
. Wi
3 li 1y C I:
-_— A . :
i ¥ i hhhhh""ili. ¥ P‘ : 4 I.: i
=L ' i % L
\ II+I|+ b 5 1 r EEREEER R AR NN oy
i, E A i h %
+ l'||||||||4..1,_1_++ i:l lr
- - , . -" ﬁ"ﬂ
. 0BUL
C2C NET Layer C2C NET Layer
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QG‘CNeT

MLD Querrry
h
AL, i e
id é MLD Reporty_
MLD Querry = MLD Querry
-‘_ -‘—
> | AU1 >
MLD Report . OBU1 : . iMLD Report o=
: i d R :
| E L)
. | IP header
IP Layer 1 ¢ | sre MNPL:AUL
Dst: FFOe:: 500 .

C2CNET header i

Sro OBUL 1
e, Dst:
(rat, long of OBUL,
e AR Radius = 500)
B I
' i e -
500m Lil,

C2C NET Layer
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Qg‘NeT

Network
Domain Me

Al (Receiver)

MLD Membership

| Table
Multicast

trafic

Proxy

Multicast Listener
Report

‘\ Multicas

Update trafic I% g
- Y e P o
Al (Recelver) ; Al [Sender) CN (Sender)

MLD Membership
Table
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MLD Forwarding Proxy

Invehicle Networkl

Membership Database

L A

Mcast@ IF UpstreamlF

filexl tund  ethO

Multicast
Source

C2C-Net Domain

C2C-Net  C2C-Nef C2C-Net

— Multicast Listener Report

_} Multicast Traffic

Invehicle Network?2

Membership Database

L A

Mcast@ IF UpstreamlF

ffle:1 ethl tunl0

LV

"—‘*’NeT

r

Multicast
Recelver
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Static Multicast Delivery

C2C-Net Domain

Invehicle Networkl

Multicast Forwarding Cache

L/

Group Origin IIF OIF
file:l Src@ ethD tunl0

111111111111111

Multicast
Source

Iface Pktsin PkisOut Flag
ethd 0 1530 0

tunld 514 D 01/

Multicast Virtual Interfaces

C2C-Net  C2C-Net

L= .

C2C-Net

oy L

w ..... ....}w

Invehicle Network?

Multicast Forwarding Cache

£ /]

Group Origin [IF OIF

file:l Src@  tunl0 ethD |

d
Multicast
Receiver

Iface Pktsin PktsOut Flag

eth0 1530 0 O
tunid 514 514 D

Multicast Virtual Interfaces

CCAT\ |+
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IPv6 Mobility Support

upper layers %

Pv6+N

O
N
pd
=
=

link Iaye{r tech \

(e.g. IEEE 802.3) A

Tl
[Tl

h-“--

02.11p

AR/RSU

T e e .
——— —

AR/RSU

upper layers

IPv6+NEMO

1=62G-NET

link layer tech

— |
+_-:IEEE d02.11p
a

(e.g. IEEE 802.3)

MR/OBU

(¢97)

P upper layers

Lt

IPv6

link layer tech

(e.g. IEEE 802.3

T CN

upper layers

I Bv6+ M =M
] ]

Iink layer teq'h
(e¥g. IEEE 802.3)

wn, ! |

sPeooeoeesseeseeeeesceeleees ed

upper layers
o wndBOEHENMO
[ ]
; :
C2¢ NET .
. ﬁnk layer tech
U (etg. IEEE 802.3)
IEEE :302.1 1p :
[ ]
E MR/OBU
0 8 .
:\ (lll ) e
. s s -
: =z _MR/OBU
£ f N

el
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Conclusion

( h ’P N | -
edNel
= |Pv6 & geonetworking are combined
+ |IPv6 multicast hides geonetworking from the application layer
+ Very few modification required for IPv6 application
« C2C-NET provides geonetworking

» Status

+ 1 reference specification

+ 2 prototype implementations

+ Experimentation on a fleet of 4 vehicles

« Emulation with NCTUns and real vehicles
+ CVIS selected as the target platform

= Standardization challenge
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