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Proposal
This document proposes to add the following use case to a new clause within section 5 of TR 22.891 & the associated references to clause 3. This proposal is a merge of S1-152275 and S1-152253 submitted to SA1 #71.
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5.x	 Automotive: Automated Cooperative Driving 
5.x.1	Description
Cooperative driving is a grouping of automated vehicles featured by the use of vehicle to vehicle communications, which enables efficient lane changing, merging, passing, improved safety and fuel economy.
Automated Cooperative Driving requires far more automation as compared to Cooperative Adaptive Cruise Control (CACC). CACC provides longitudinal control of vehicle motions, while the driver remains responsible for the steering control. CACC represents Level 1 automation on both the SAE and NHTSA scales of automated driving. Automated Cooperative Driving has a leader that communicates and coordinates with a group of vehicles, which oftentimes requires close following in addition to lateral control. 
This conceptual framework allows innovative uses of communications access in solving complex road traffic scenarios without the driver’s intervention, as it enables automated cooperative driving. Automated Cooperative Driving represents SAE Level 4 and 5 automation [z].
Basic Safety Message Broadcast for V2V requires 100 ms latency, with long control loops for alerting humans and as low as 20% reliability (PER) allowed. Automated cooperative driving requires:
· Very much lower latency for vehicle automation 
· Higher reliability 
· Shorter control loops for automated vehicle response
· Higher density of transmitting devices
· Larger messages
· Integration of network and cloud-based information (e.g. local dynamic map.)
Cooperative Short Distance Grouping refers to the scenario where the distance between vehicles such as trucks are extremely small – creating a desirable form of legal tailgating. (In this and other instances, “truck” is defined as a commercial heavy vehicle, either single unit or a cab/powerplant vehicle connected to one or more trailers.)  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 [y]. Driving this 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. 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. 
Establishment of extremely reliable wireless communication links are needed among the vehicles driving in the cooperative group. These links carry messages for steering, throttle, braking and localization correction purposes. These types of messages need to be exchanged between the leading vehicles and all cooperating vehicles in order to execute control actions at the same time. The end-to-end latency to be achieved among the vehicles must be very low and communication links must operate extremely reliably to mitigate risk of vehicular crashes. 
Cooperative Short Distance Grouping (CoSdP) and all related maneuvers 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.
Cooperative Short Distance Grouping may be used together with video transmission as explained in [x]. A display panel in any vehicles shareforward-facing data, while drivers of the other cooperatively communicating group are able to display the video gathered by the camera mounted on other vehicles. 
Cooperative Short Distance Grouping (CoSdP) operates 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. 

High precision positioning techniques should be supported by the mobile network because GPS is not available, e.g. in very dense urban scenarios.


5.x.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.x.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 and they take action accordingly.  
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.
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
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1. Vehicle A leaves the group
2. Distance between vehicles has to be corrected based on updated group information
5.x.5	Potential Service Requirements
5.x.6	Potential Operational 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:
· Less than 10 ms end to end V2V Latency for close vehicles (Energy ITS Japanese national project) guaranteed in high loaded network
· Radio latency close to 1ms
· End-to-end reliability of 99.999%
· Over 99.99% target packet delivery reliability rate as group needs to exchange control information directly with each vehicle, in grouping, rapidly (Energy ITS Japanese national project)
· Burst transmission of long data packets (e.g. tens of kilobit) 
· Lateral position accuracy of 0.1 m
· Relative longitudinal position accuracy of less than 0.5 m for close vehicle following
· Priority, Precedence, Preemption (PPP) mechanisms should be used to ensure sufficient reliability metrics are reached. 
· Efficient coordination of radio resources (centralized or decentralized) used for V2V communication to maximize the utilisation of the available spectrum and to ensure the required reliability 
· High connection density for congested traffic, estimate below 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.
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