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Abstract: Virtual traffic lights will contribute a lot to improve the traffic efficiency and safety at intersection without traffic light. The driver can arrange the driving strategy flexibly according to the real time traffic lights information got from the cloud.
1.1
V2X Use Case: Virtual traffic lights
1.1.1
Description

This use case describes the vehicles transmit their speed, location, direction of travel and property to the cloud platform and get the feedback information when they pass the intersection without traffic light. The feedback information include virtual traffic light information which calculated by the cloud platform and broadcast to all vehicles within the scope of a unified state to regulate traffic flow at the intersection. 

This use case resolve the circumstance that vehicles pass the intersections without traffic lights which will cause the low traffic efficiency. Cloud platform delivers information includes virtual traffic light status, traffic lights remaining time so that the vehicle will pass the intersection with clear order. 

When the vehicle drive into the target area, it will trigger the cloud to send the traffic light information to the driver and the information can be shown on the screen in the car. Each vehicle only receive this traffic information once when it arrive at the target area. Traffic light information will be adjusted according to the real-time traffic state by the cloud.
1.1.2
Pre-conditions

Vehicles A and B are approaching an intersection from different directions, Vehicles C is relatively far from the crossroads and come in the same lane of Vehicle B. All vehicles are equipped with UEs supporting V2N. There is no traffic lights in this intersection. Vehicles reporting their attribute information, speed, position, acceleration, direction of travel to the cloud regularly.

Depending on the V2X deployment model, Vehicle A, B, C and D can be subscribed to different PLMNs and can be international roamers. This shall not adversely impact the function of the V2X Service e.g. by increased delays.
1.1.3
Service Flows

After calculating the information from Vehicles A, B and C, the cloud find that Vehicles A, B and C have entered the target field. The cloud send the feedback traffic light information through the analysis of the current road conditions, combined with the attribute information of the vehicle, as well as the real-time traffic flow:

Vehicle A receive the information from cloud and the green light displayed on the screen in the car, as well as the passage of remaining time. The driver will follow the instruction and pass the intersection without stopping;

Vehicle B receive the information from cloud and it was informed that the vehicles in this direction should stop. So the red light displayed on the screen as well as the waiting time. The driver slow down the vehicle and wait on the cross until the green light to allow passage;

Vehicle C is far away from intersection. When vehicle C enters target field, the waiting time of this lane has finished and passing time begins. The platform adjusts lasting time of pass and issues to all vehicles according to current traffic flow. Vehicle C receives the lasting time different from vehicle A (passing) and vehicle B (waiting), and then adjusts driving strategy according to issued information.
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1.1.4
Post-conditions

Let’s assume the vehicle D does not install the virtual traffic lights information equipment, and doesn't clear the current traffic rules, it is likely to have collisions with other vehicles. There are several alternative solutions:

 1.  all vehicles will install the virtual traffic lights information equipment, the cloud platform can unified release the traffic rules.

 2. The vehicle D is informed by V2V communications from other vehicles so that it can obey the traffic rules and the traffic flow will be normally and orderly.
1.1.5
[Potential] Requirements

[PR.1.1.5-001] 
The E-UTRAN shall be capable of transferring V2N Service layer messages via LTE network entities between a UE and a serving entity both supporting V2N applications with variable message payload of 50-300 Bytes. 

[PR.1.1.5-002] 
The E-UTRAN shall be capable of transferring V2N Service layer messages via LTE network entities between a UE and a serving entity both supporting V2N applications with maximum frequency of 10 message per second and a minimum frequency of 1 message per seconds.
[PR.1.1.5-003] 
The E-UTRAN shall be capable of transferring V2N Service layer messages via LTE network entities between a UE and a serving entity both supporting V2N applications with an end-to-end delay no larger than 1000 ms.

[PR.1.1.5-004] 
The E-UTRAN shall be capable of transferring V2N Service layer messages via LTE network entities between a UE and a serving entity both supporting V2N applications with minimum communication range is [TBD]m.
[PR.1.1.5-005] 
The 3GPP network shall provide means to support the entity to authorise the UEs supporting V2N Service.
[PR.1.15.5-006] 
Based on 3GPP network means the 3GPP network shall provide the location of the UEs supporting V2N Service to the entity.
