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Abstract: This document presents a V2X use case derived from theTraffic Safety and Efficiency use case from METIS.  The emphasis is on meeting the timing, payload, and reliability constraints needed to safely manage traffic flow in situations with multiple parties moving at different rates of speed (e.g., pedestrian, bike, auto, train) and in different directions.  The use case can apply in different populations densities (e.g., urban, rural), which would also impact the requirements.
The use case raises requirements that have not yet been addressed in TR 22.885. Some requirements that have already been identified in the TR (e.g., security, authentication) have not been replicated in this use case, although they are also applicable.
Discussion:
There are a number of variables to be taken into account in a scenario involving different types of vehicular traffic.  The optimal coverage range and frequency of message transmission depend not only on the relative speed of the UEs but also on the relative direction of travel and potential reaction time of the various transportation modes (e.g., automobile, train, bicycle, pedestrian) as well as any environmental conditions.  A V2V or V2I or V2X system needs to consider these variables to provide optimal service under varying circumstances.  

Another variable to consider is the various ITS technologies that may be deployed to meet different end user needs, for example ETSI ITS.  The following figure illustrates how an LTE-based V2X communication might fit into a larger ITS which uses supports different access technologies based on specific end user needs.
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Figure 1: Multi-technology ITS 

The use case proposed to add to TR 22.885 is based on an example of multi-modal V2X using LTE-based messaging.  Breaking this down into two sub-scenarios, high speed travel and low speed travel, gives a clearer view of the potential interactions across multiple variables.

High speed travel:

When considering a relatively high speed train/car scenario, the most critical case would be where the car and train are traveling at an 180◦ angle (e.g., street is mostly parallel to the tracks but they converge at a crossing).
A car traveling at 100km/h with a normal response time delay of -3.8m/s2 will require about 139m to reach a full stop. The car should then receive the notification of the upcoming crossing and approaching train when it is more than 139m from the crossing. 

A train that is also traveling at 100 km/h will move about 232m during the time it takes for the car to stop. Thus the train should send notification that it is approaching the crossing when it is about 240m (including a factor for end-to-end delay) away from the crossing.  
The minimal coverage area then needed to avoid a collision at the crossing is 380m.

If we vary the relative vehicular speeds, for example, a car and train both traveling at 50km/h, the overall coverage area can be decreased to about 100m. Another variation is considering a high speed train traveling at 300km/h and a car traveling at 100km/h, the coverage area increases to about 800m. However, this is may not be a realistic case as high speed train systems are typically designed to avoid such crossings.
From this range of cases, we came up with a reasonable parameter range as follows. 

The optimal coverage area ranges from 100m to 800m, depending on the speed of the traffic involved.  In general, the larger distance provides an advantage in giving the receiving party advance warning to cover any variance in user response time, weather conditions, vehicle conditions, etc.  
The message transmission rate should be in the range of 1-3 per second, again depending on the traffic speed to allow sufficient potential for a message to be received in a timely manner.  For very high rates of speed, the transmission rate would be greater than 3 per second.
Low speed travel:
For a lower speed example, we considered an urban environment with cars moving in different directions.  In this scenario, the cars are traveling at a maximum speed of 50 km/h at a less than 180◦ angle to the intersection. The cars need to transmit their status within a time and distance to allow normal breaking actions and avoid collisions.
The distance required for a car to stop (using the same delay factor of -3.8m/s2) is about 44m from the time of receiving notification of another vehicle approaching the intersection. This gives a total coverage area for both cars of at least 88m. In this scenario, a notification transmission rate could be less than 1 per second.
Traffic density:

Traffic density also plays a role in determining optimal transmission rates. The cases above are based on minimal traffic, e.g., two vehicles traveling at a constant rate of speed.  Looking instead at a traffic jam scenario where there are many cars on the roads, yet they are moving very slowly, if at all, the transmission rate could be much less than 1 per second and still provide adequate time to avoid collisions.  In fact, a very low transmission rate would be desirable to avoid using bandwidth that might be better used to provide other services to the end users stuck in traffic.

The proposed requirements below include parameter values to provide optimal coverage in the broadest cases.  However, a deployed V2X system would need the flexibility to adapt to changing attributes such as vehicular traffic density, rates of speed, angles of approach, and weather conditions which all may impact the optimal range and transmission rate in a specific situation.  
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5.x
Use case for Mixed Use Traffic Management
5.x.1
Description

There are a number of variables to be taken into account in a scenario involving different types of vehicular traffic.  The optimal coverage range and frequency of message transmission depends on several factors, including the relative speed of the Ues, the relative direction of travel,  potential reaction time of the various transportation modes (e.g., automobile, train, bicycle, pedestrian), traffic density, and any environmental conditions.  A V2X system would need the flexibility to adapt to changing attributes such as vehicular traffic density, rates of speed, angles of approach, and weather conditions which all may impact the optimal range and transmission rate in a specific situation.  

5.x.2
Pre-conditions

A number of V2X service users are approaching a train crossing, The train is one user.  Others include vehicles on the road, bicycles, and pedestrians. The users are approaching from varying directions as the train intersects a road near a cross road.
All users have UEs equipped for the V2X service.
There can be one an RSU near the intersection supporting the V2X service, which is able to provide direction to nearby UEs regarding V2X message transmission rates.
5.x.3
Service Flows

As the train nears the crossing, the V2X system alerts other users approaching the crossing to slow and prepare to stop at the train crossing.
The messages can be tailored to meet the needs of users travelling at different velocities, e.g., alerting cars, bicycles, pedestrians, at different distances and intervals to allow each adequate time to slow and come to a stop.
Depending on traffic density (e.g., urban, rural)  and weather conditions (e.g., icy pavement) the RSU may instruct the UEs to transmit V2X messages at a rate and within a coverage area best suited to prevent accidents under the specific circumstance (e.g., density, weather, rates and direction of travel).
5.x.4
Post-conditions

All users stop in a timely manner at the railroad crossing and remain stopped until the train has passed.
5.x.5
[Potential] Requirements
 [PR.5.x.5-001] The V2X system shall be able to vary the transmission rate and coverage area based on service conditions (e.g., rate of UE speed, weather, UE density).

