Doc# oneM2M-Template-InputContribution.doc

	Input Contribution

	Meeting ID*
	TP-34

	Title:*
	Use case: Platooning

	Source:*
	M. Djurica, TNO, Miodrag.djurica@tno.nl
M. Bauer, NEC Europe Ltd., martin.bauer@neclab.eu
M. ben Alaya, Sensinov, benalaya@sensinov.com 
Bei Xu, Huawei, Echo.xubei@huawei.com
Yongjing Zhang, Huawei, Zhangyongjing@huawei.com
G. Romano, Telecom Italia, giovanni.romano@telecomitalia.it

	Date:*
	2017-03-05

	Input related to*
	TR-0026, adding new use cases for vehicular domain

	Intended purpose of

document:*
	 FORMCHECKBOX 
 Decision

 FORMCHECKBOX 
 Discussion

 Information

 Other <specify>

	Impacted other TS/TR(s)
	

	Decision requested or recommendation:*
	Add Platooning use case to TR-0026.

	Template Version: January 2017 (Do not modify)


oneM2M Notice

The document to which this cover statement is attached is submitted to oneM2M.  Participation in, or attendance at, any activity of oneM2M, constitutes acceptance of and agreement to be bound by terms of the Working Procedures and the Partnership Agreement, including the Intellectual Property Rights (IPR) Principles Governing oneM2M Work found in Annex 1 of the Partnership Agreement.

Header

1 Use Case on Platooning 

1.1 Description

Platooning is function where vehicle is automatically following another vehicle at a relatively close distance. Driving in a platoon requires vehicles to use inter-vehicle communications to anticipate timely on manoeuvres of other vehicles in the platoon.
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Figure 1: platooning vehicles on public road, lead vehicle has driver
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Figure 2: platooning trucks on public road, lead vehicle has driver

Several aims and motivations for vehicular platooning exist, such as improvement of traffic throughput and homogeneity, enhancement of traffic safety due to small speed variations and relative low impact velocities in collisions, and reduction of fuel consumption and emissions due to lowering the air drag. These objectives can to a certain extent already be achieved by non-automated driving systems (i.e. human driver monitors the environment and may execute e.g. the steering task), although a higher level of automation is considered to contribute in a positive way. Automated driving (system performs all aspects of the dynamic driving task) can offer additional benefits in terms of comfort (relieving the driver from driving task) and efficiency (no driver required in vehicles). The vehicles that follow have automated steering and distance control to the vehicle ahead, and the control is supported by advanced V2V communication extended with additional IoT data. 
In order to support platooning, in M2M system each vehicle is represented by an object containing elements describing the vehicle (unique ID, type, owner,…), state of the vehicle (location, speed),… Knowing the state of each vehicle is then used by applications that use IoT data to provide service.
Each platoon is longitudinal set of vehicles driving one behind another, and therefore platoon model is collection of data objects of individual vehicles. For practical purposes like route planning, or planning of timing (for example can vehicle pass through green light or not), applications should treat platoon as single virtual vehicle. Note that this means that since vehicles can join and leave a platoon, that means that platoon data object is flexible collection of data objects of vehicles making part of it.

1.2 Source

REQ-2018-0013-Use_case_Platooning .

1.3 Actors

Vehicle owner / driver / passenger in the vehicle
Platooning service is enhancing traffic safety for vehicle driver and passenger, due to small speed variations and relative low impact velocities in collisions, and as well reduction of fuel consumption and emissions due to lowering the air drag.

IoT platform provider

It operates an IoT platform which is collecting data from vehicles, roads, other participants in traffic present, and from surrounding associated infrastructure (traffic lights, cameras, etc.). 
Platooning Service provider
Party that is providing Platooning Service (PS) which runs in cloud. It does authentication of vehicles that want to make use of platooning, collects info on currently running platoons, and provides ‘rendezvous’ info needed for vehicle to meet platoon. Note that this service will (very likely) make use of route planning function, not covered here.
Platooning Manager provider

Party that is providing Platooning Manager (PM) which runs on Multi-Access Edge Computing (MEC) node. Note that it is possible to have this function also running on cloud.
Platooning Function provider

Platooning Function (PF) runs in vehicles and is responsible for maintaining a position of the vehicle in the platoon (distance to other vehicles, follow trajectory of lead vehicle), as long as the vehicle is member of platoon.
Communication Network provider

Provides connectivity between vehicles, roads and associated infrastructure. It is not expected or mandated that single network operator provides all of connectivity.
1.4 Pre-conditions

The vehicle supports autonomous driving as well as platooning - meaning it is capable of autonomously driving, also transmitting and receiving data from other vehicles, road and other infrastructure, other participants in traffic (pedestrians, cyclists).
1.5 Triggers

Platooning is activated by vehicle driver. Driver can start this function either before starting a trip, by indicating where it needs to go, and its current location is taken as staring point, or it can do it during the (started) driving session.
Platooning Service will match this user (and its vehicle) to one of existing (or yet forming) platoons. After calculating route for this user, platooning service will provide this data so vehicle will rendezvous with chosen platoon.
1.6 Normal Flow 

There are three distinct phases in platooning: 

1. First phase of platooning is finding a platoon. This is done by Platooning Service (PS). Finding a platoon is a non-time critical function and is based on high level (discovery, authentication) information on available platoons, and it typically would run in the service provider’s cloud. Result of this phase is matching of vehicle that want to join a platoon to a existing platoon, or start new platoon with this vehicle in it. If joining an existing platoon, PS will calculate randezvous point for this vehicle and platoon.
2. Second phase of platooning happens when vehicle that wants to join a platoon comes in vicinity of the platoon, when Platoon Manager (PM) which is running on a MEC node, will assist vehicle by providing information on the current state of the platoon, which goes beyond V2V communication range. Note that since MEC node will be part of base station (eNB or gNB in 5G) there is a question of handover of platoon related data when platoon and vehicle joining it are moving from coverage area of one base station to coverage of another base station. It is important to note that east-west MN handovers are not currently covered in oneM2M.
3. Finally, third phase of platooning is situation where vehicles are driving in the platoon, and that is platooning application which is running in the vehicle.

1.6.1 Normal Flow 1: Finding platoon - Platooning service
1) User contacts PS, authenticates itself and states its own destination and leave / arrival time.
2) PS looks at all platoons that go to preferred destination, check leaving /arrival times, and matches user (and its vehicle) to one platoon. If no such platoon exists, PS informs vehicle and defines it to be a platoon containg just that one vehicle.
3) PS collects current platoon’s state via IoT platform and uses that info to plan a route for user’s vehicle so it can meet / join the platoon.

4) PS informs user’s vehicle on chosen route and rendezvous point.

5) Vehicle starts riding to rendezvous point.

1.6.2 Normal Flow 2: Joining the platoon - Platooning manager

Condition is that vehicle that wants to join a platoon is in vicinity of the platoon, but it has not yet joined it.

1.) Platoon manager keeps track of the platoon and vehicle that wants to join.
2.) When distance between those two is small enough and it is safe to perform manouver of joining the platoon (enough space, no traffic lights in vicinity, no other participants), it will instruct leading vehicle of the platoon, trailing vehicle of the platoon and vehicle wishing to join that they can start process of joining. 

3.) When vehicle and platoon are within V2V communication range, platoon will inform PM about it, and from that moment signalling during the joining process goes via V2V communication and not via PM.

1.6.3 Normal Flow 3: Driving - Platooning 

1.) Vehicle receives messages from other vehicles in the platoon and acts accordingly. 

1.6.4 Example data for platoon formation advice

This is data that is sent from roadside platooning service to vehicle that wants to join a platoon.

	FormationAdvice
	Description

	+ messageID: uint8
	as defined in ETSI EN 302 637

	+ stationID: uint32
	as defined in ETSI EN 302 637

	+ platoonID: uint32
	Unique  platoon ID

	+ generationTimestampUTC: uint64
	The elapsed time since midnight January 1st 1970 UTC in miliseconds. (with leap seconds)

	+ speedAdviceValue: array float32
	Last known latitude of the engaging vehicle in put in here by and updated only by the PlatoonService.

	+ speedAdviceStartTime: array uint64
	Last known longitude of the engaging vehicle in put in here by  and updated only by the PlatoonService.

	+ speedAdviceStopTime: array uint64
	The elapsed time since midnight January 1st 1970 UTC in miliseconds.


1.6.5 Example data on platoon status

This is data that leading vehicle of the platoon sends to PS and PM (in which it informs them about state of the platoon).

	PlatoonStatus
	Description

	+ messageID: uint8
	as defined in ETSI EN 302 637

	+ stationID: uint32
	As defined in ETSI EN 302 637

	+ platoonID: uint32
	Unique  platoon ID

	+ generationTimestampUTC: uint64
	The elapsed time since midnight January 1st 1970 UTC in miliseconds. (with leap seconds)

	+ platoonState: uint8 (enum)
	None(0), Standalone(1), VehicleEngaging/Assembling(2), Platooning(3), VehicleDisengaging(4), DisengagingAll(5)

	+ platoonDestination: string
	Global platoon desitnation eg (cities); Eindhoven..Helmond

	+ vehicleRole: uint8 (enum)
	None(0), Standalone/Ready-for-leading(1), Trailing(2), Following(3), Leading(4), Ready-for-leading(5)

	+ vehicleMode: uint8 (enum)
	None(0), Standalone(1), Engaging(2), Platooning(3), Disengaging(4), Searching(5), Forming(6)

	+ platoonSize: uint8
	Number of vehicles in platoon


1.6.6 Example data for platoon navigation

This is sent by roadside service to leading vehicle of the platoon. It is end destination of the platoon, with optional waypoints in between.

	PathToPointOnMap
	

	+ stationID: uint32
	As defined in ETSI EN 302 637

	+ generationTimestampUTC: uint64
	The elapsed time since midnight January 1st 1970 UTC in miliseconds. (with leap seconds)

	+ destinationLatitude: WGS84 double
	As defined in ETSI EN 302 637

	+ destinationLongitude: WGS84 double
	As defined in ETSI EN 302 637

	+ path: t.b.d. (waypoint): array (destinations)
	


1.7 Alternative Flow

None.

1.8 Post-conditions

Vehicle stays in platooning mode until:

1. It arrives at destination, or comes close to it, when it leaves platoon and drives the rest of the way autonomously to destination.

2. It can be triggered by user to leave a platoon – and continue autonomously.
3.  It receives information from platooning service that it can / should leave current platoon and join other platoon (multi-hop platooning; member of platoon 1 en route from A to B, and then at point B leave platoon 1 and join platoon 2 that will take it to C). Short time between two platoons can be covered by vehicle driving autonomously, and is not in strict sense stop for the platooning function.
1.9 High Level Illustration
Following figure shows three phases in platooning:

Green lines represent first phase, red lines second phase, and blue lines third phase. Note that what is now shown here is handover from MN running on MEC node to MN on another MEC node (as mentioned before in text). 
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Figure 4: Data flows in platooning

1.10 Potential Requirements

1) The oneM2M system shall support handover (e.g east-west communication) over platoon relevant data from one Platooning Manager (running on edge node) to next Platooning Manager (running on neighbouring edge node).

2) The oneM2M system shall support the the Platooning data exchange between the vehicles, Platooning Service provider , Platooning Manager and oneM2M platform.
3) The oneM2M system  shall support a common information model for Platooning including vehicle state and platooning state.

4) The oneM2M system should support a profile for Platooning with a consistent information model based on existing information models (e.g. ETSI ITS, DATEX and Sensoris).
5) The oneM2M system shall support group management (e.g .joining, leaving and changing vehicle’s role within the platoon) and group message communication for platooning service.
6) The oneM2M system shall support Vehicle-to-Vehicle (V2V) communication via different network interfaces.
The oneM2M system shall support management of Vehicle-to-Vehicle (V2V) network interface switching.
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