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Abstract: This contribution adds a requirement on communication to one specific vehicle- rather than broadcast- for platooning operation.
Discussion
The eV2X TR contains five platooning-related use cases. The platoon operations are described to some extent in each of these use cases, or else references are given. For platooning use cases, there is a need for each member vehicle to only receive steady-state operational data from the platoon leader and the vehicle right in front of it. 
Therefore, platoon operation requires that V2X message should be able to be sent to one particular UE, e.g. via unicast instead of broadcast or groupcast.
PCR

5.5
Automated Cooperative Driving for Short distance Grouping

5.5.1
Description

5.5.1.1
General

Cooperative driving allows a group of vehicles to automatically communicate to enable lane changing, merging, and passing between vehicles of the group and inclusion/removal of vehicle in the group in order to improved safety and fuel economy.

This use case is pushed by automotive industry because the reduced aerodynamic drag would result in greater fuel economy and a reduction in greenhouse gas emission.  For all vehicle classes, close following from vehicle-to-vehicle communication and coordination allow more efficient use of the roadway, alleviating congestion and enhancing safety.  It is foreseen, that the gap between vehicles will become much smaller, exceeding the response capability of the driver while improving the consumption of gasoline and improving the utilisation of the roads even more.

Automated Cooperative Driving requires far more automation than Cooperative Adaptive Cruise Control (CACC) described in Rel-14 V2X. CACC provides longitudinal control of vehicle motions, while the driver remains responsible for the steering control. CACC is an instantiation of Level 1 automation on both the SAE and NHTSA scales of automated driving; alternately, it is called "Assisted Driving" by BASt.(German Federal Highway Research Institute) and similarly, "Driver Assistance" by SAE.  Automated Cooperative Driving provides ‘tighter’ or lower latency longitudinal control to enable a leader to communicates and coordinates with a group of vehicles, which enables close following.  Moreover, Automated Cooperative Driving may in add lateral control, or higher levels of automation.  The Automated Cooperative Driving conceptual framework allows innovative use of communications access in solving complex road traffic scenarios without driver intervention. Automated Cooperative Driving therefore enables SAE Level 2 through 5 automation ([10])

The Basic Safety Message broadcast and similar uses of the Cooperative Awareness Message for V2V safety generally allow a nominal 100 ms latency, since the control loop to alert humans is long.  Additionally, the V2V safety warning applications allow for reliability (PER) as low as 20%.  ([33])

In contrast, Automated Cooperative Driving requires:

-
Very much lower latency for message exchange

-
Higher reliability of message exchange: communication links must operate extremely reliably to mitigate risk of vehicular crashes.

-
Higher density of transmitting UEs

-
Larger messages exchanged

Cooperative Short Distance Grouping (CoSdG) refers to the scenario where the distance between vehicles such as trucks are extremely small – creating a desirable form of legal tailgating. The gap distance translated to time can equivalently be as low as 0.3s or even shorter, which at 80km/h leads to almost 6.7m distance between the vehicles [10]. Driving such closely is made possible by advanced automated cooperative driving technology, in combination with a highly reliable wireless vehicle-to-vehicle communication system that enables data transmission with low latency. 
CoSdG is different than current platooning implementations summarized in [12], where ITS-G5 has been successfully used at a wide range of transmission rates (10 – 50 Hz). CoSdG envisions closer spacings and lower latency that what can reliably accomplished with alternative technologies.  CoSdG would therefore enable a marked improvement in string stability, efficiency, and ultimately safety.
-
Reliable wireless communications are required among the vehicles in a cooperative group. Messages are exchanged between the leading vehicles and all cooperating vehicles in order to execute control actions at the same time. CoSdG may not only be operated by vehicle-to-vehicle communication, but may also be vehicle-to-infrastructure and vehicle-to-backend communication to ensure most efficient utilisation of available resources and the required reliability.

-
CoSdG may be used together with video transmission as explained in [9]. A display panel in any vehicles share forward-facing data, while drivers of the other cooperatively communicating group are able to display the video gathered by the camera mounted on other vehicles. 

-
CoSdG enables direct control intervention in mission critical scenarios. Information loss might lead to vehicle crashes. Messages must be transmitted reliably and delivered with very low latency. The jitter must be extremely low, as the electronic control unit operates usually on data provided periodically. Multiple vehicles must be linked to the leading vehicle by the wireless connection.  When considering the mix of vehicles on the road, the number of vehicles can exceed 10,000 vehicles in scenarios with multiple lanes and multiple levels and types of roads. 
There would be two phases for CoSdG:
-
In Phase I, a baseline is proposed with a group of vehicles driving together with a lead vehicle are driven normally by a trained professional driver, and several following vehicles driven fully automatically by the system with information exchanged between the leader and other cars allowing with small distance (longitudinal gaps) between them. The typical required transmission frequency among the vehicles is up to 40Hz, [11], translating into 25ms radio latency. Initial consideration of message exchange between vehicles in a platooning is based on CAM extension, which is around 300-400 bytes [11].
-
In Phase II, all vehicles, the lead vehicle as well as following vehicles are driven fully automatically by the system. This will, compared to Phase I, allow smaller distance (longitudinal gaps) between them, leading to further reduction of fuel consumption. This requires in Phase II a higher transmission frequency compared to Phase I. The transmission frequency is 100Hz to coordinate the driving manoeuvre. The radio latency is 1ms [13]

In addition, high precision positioning techniques should be supported by the mobile network to ensure the V2X information can be used even when GPS is not available, e.g. in very dense urban scenarios.
5.5.1.2
Pre-conditions

1.
Vehicles A, B & C are V2V enabled

2.
Vehicle A, B & C are traveling in close proximity and in V2V communication range

3.
Vehicle A is traveling outside of a group and wants to join the group which includes Vehicles B & C.

5.5.1.3
Service Flows

1.
Vehicle B and other group members (e. g. C) share a message with the group information (i.e. size, speed, gap policies, their positions in the group, planned trajectory, etc.).

2.
Vehicle A receives messages from the group members and identifies acceptable groups based on certain criteria (i.e. speed and gap policies, size).

3.
Vehicle A sends a message to members of the group requesting to join group.

4.
Vehicle B decides that Vehicle A or C can join the group ahead of it and responds with a confirmation and provides a gap (if necessary).

5.
All other members of the group receive messages from Vehicle A and update the group information.  

6.
Vehicle A, B & C are traveling in close proximity 

7.
Vehicle A, B & C continuously exchange their on-board information, which when shared constitutes actual group information.  This enables keep the optimal distance between all of the group members and to ensure safety. Each vehicle sends a state information V2X message to the vehicle right behind it.
8.
Subsequently, the driver of Vehicle A decides to leave the group and assumes control of Vehicle A.

9.
Vehicle A broadcasts a message indicating it will leave group to other members of the group. 

10.
Vehicle B receives the message from Vehicle A and updates the group information

5.5.1.4
Post-conditions

1.
Vehicle A leaves the group

2.
Distance between vehicles has to be corrected based on updated group information

5.5.2
Potential Requirements
All requirements are for end to end performance, defined as communications sent by source and communication received by target.

The 3GPP system shall support 1st Set of KPIs in Phase I:

[PR-5.5-001]
The 3GPP system shall support communication latency for data packets 300-400 bytes no larger than 25 ms.

[PR-5.5-002]
The 3GPP system shall support over 90% target packet delivery reliability rate.

[PR-5.5-003]
The 3GPP system shall support triggered and periodic transmission of data packets 300-400 bytes.

PR-5.5-003a]      The 3GPP system shall support extremely low delay message transfer between two UEs supporting V2X applications, that are part of a group of UEs supporting V2X applications.
The 3GPP system shall support 2nd Set of KPIs in Phase II:

[PR-5.5-004]
The 3GPP system shall support less than 10 ms communication latency for transport of V2X messages between two UEs supporting V2X application in proximity guaranteed in highly loaded network.

[PR-5.5-005]
The 3GPP system shall support over [99.99%] target packet delivery reliability rate within 80 m range.

[PR-5.5-006]
The 3GPP system shall support transmission of one data packet up to 1200 bytes every25 ms within 80 m range.

[PR-5.5-007]
The 3GPP system shall support relative lateral position accuracy of 0.1 m.

[PR-5.5-008]
The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application in proximity.

[PR-5.5-009]
The 3GPP system shall support to ensure sufficient reliability metrics are reached.

[PR-5.5-010]
The 3GPP system shall support high connection density for congested traffic.

Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 15,840 cars per mile.

