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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 following vehicles have automated steering and distance control to the vehicle ahead, and the control is supported by advanced V2V communication extended with additional IoT data. Apart from driving in a platoon, forming of the platoon is also challenging task.
Note that for practical purposes we will consider a platoon as logical entity which is extended (elongated) virtual vehicle.

1.2 Source

REQ-2018-0013-Use_case_Platooning .

1.3 Actors

Vehicle owner / driver / passenger in the vehicle
Profits from the Platooning service by 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.). Necessary information/data is provided to any devices that are subscribed to the IoT platform.
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 Service (PS) 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 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 log as the vehicle is member of platoon.
Communication Network supplier/provider/operator

Supplies and/or provides and facilitates connectivity between vehicles, roads and associated infrastructure. This covers both wireless (for example LTE, LTE-V2X, ITS-G5 and WAVE) and fixed connections. The Network supports receiving requests for data transfers with required latency and with required packet losses. It is not expected or mandated that single network operator provides all of connectivity.
IoT Devices manufacturer
Manufactures IoT devices that are embedded in a vehicles, roads and associated infrastructure, parking garage /terrain, traffic lights, as well as in devices used by other participants in traffic (pedestrians, cyclists). Each IoT device collects and sends data to IoT platform, and can receive data from platform.

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 

We have three phases in platooning:

1.) Finding platoon going in preferred direction: This is done by platooning service, which runs in cloud, and has overview or large swath of particular country, and view on all platoons (their origin, current location and state, and destination)

2.) Joining or leaving the platoon – happens when vehicle comes into vicinity of chosen platoon

3.) Driving in the platoon

1.6.1 Normal Flow 1: Finding platoon - Platooning service
1) User contacts Platooning Service, 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.
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 maneuver 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.) Signalling during the joining process goes via V2V communication.
1.6.3 Normal Flow 3: Driving - Platooning 

1.) Vehicle receives messages from other vehicles in the platoon and acts accordingly. 
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
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Figure 3: Data flows in platooning

1.10 Potential Requirements

6) The M2M system shall support group management and group message communication for platooning service.
7) The M2M system shall support V2V communication via different network interfaces (PC5, LTE-Uu and 802.11p) and management of  network interface switching.

8) The M2M system shall assign/change the vehicle role in the group for platooning service (leading vehicle, member vehicle .etc) based on the condition.
9) The M2M system shall support the leading vehicle to communicate with the other Vehicles in the platnooning  and platooning service/manager provider. 
10) The M2M system shall support the the platooning related data (for example platoon’s state) exchange between the vehicle and the platform.
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