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Use Cases
5.x
 Automotive: Automated Cooperative Driving 
5.x.1
Description
Cooperative driving is platooning 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 to all following vehicles in the platoon, which requires close following plus lateral control. Automated Cooperative Driving represents SAE Level 4 and 5 automation (Shladover 2014:5; http://www.sae.org/misc/pdfs/automated_driving.pdf .)
Basic Safety Message Broadcast for V2V requires 100 ms latency, long control loops for alerting humans and as low as 20% reliability (PER) allowed. Automated cooperative driving requires:
· Lower latency (10 ms) for vehicle automation 

· Higher reliability (99.92% PER)
· Shorter control loops for automated vehicle response

· Higher density of transmitting devices
· Larger messages

· Integration of could-based information (e.g. local dynamic map.)

5.x.2
Pre-conditions

1. Vehicles A & B are V2V enabled

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

3. Vehicle A is traveling outside of a platoon and wants to join platoon, which includes Vehicle B.
5.x.3
Service Flows
1. Vehicle B and other platoon members broadcast a message with the platoon information (i.e. size, speed, gap policies, their positions in the platoon, etc.).
2. Vehicle A receives messages from the platoon members and identifies acceptable platoons based on certain criteria (i.e. speed and gap policies, size).
3. Vehicle A sends a message to members of the platoon requesting to join platoon.
4. Vehicle B decides that Vehicle A can join the platoon ahead of it and responds with a confirmation and provides a gap (if necessary).
5. All other members of the platoon receive messages from Vehicle A and update the platoon information.  
6. Subsequently, the driver of Vehicle A decides to leave the platoon and assumes control of Vehicle A.
7. Vehicle A broadcasts a message indicating it will leave platoon to other members of the platoon. 

8. Vehicle B receives the message from Vehicle A and updates the platoon information
Figure 1 depicts how communication will occur in automated cooperative driving. In this use case communication occurs node to node only; communication does not occur through a wireless controller (LAN) or a mobile network (WAN).
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Figure 1: Communication Path
5.x.4
Post-conditions

1. Vehicle A leaves the platoon

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:

· 10 - 20 ms V2V Latency for close vehicle following (Energy ITS Japanese national project)
· Over 99.92% target packet delivery reliability rate as platoon needs to exchange control information directly with each truck, in platooning, rapidly (Energy ITS Japanese national project)
· Lateral position accuracy of 0.1 m for lane positioning
· Relative longitudinal position accuracy of 1 m for close vehicle following
· Priority, Precedence, Preemption (PPP) mechanisms should be used to ensure sufficient reliability metrics are reached. 
· 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.
