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[bookmark: DocumentFor]Introduction
Automated Intersection crossing use case has been described in [1]. In this document we describe additional user stories that highlight the requirements for advanced connectivity. In particular, we describe three user stories that would realize automated intersection crossing in different situations. 
At intersection, drivers often require to negotiate with other drivers on vehicle and other VRUs (cyclists, pedestrians, etc.). 5G V2X technology has an opportunity to negotiate all road user at intersection by low latency and enhanced information interaction with longer range and high density. 

Proposed Automated Intersection Crossing User Story: Automated crossing at the Intersection with traffic light
This user story describes a scenario in which an autonomous vehicle (AV) goes through the intersection with traffic light using communication with an intersection manager. AV receives the SPAT information and high definition map of the intersection from the intersection manager. AV goes through or stops taking signal timing into account. When stopping at the intersection, AV can be put at the correct position using the high definition map.

Pre-conditions
None.
Service flows 
In this user story AV has entered an area in which an intersection manager can communicate with AV.
· The intersection manager sends the SPAT information and high definition map of the intersection (MAP).
· AV receives the SPAT information and high definition map of the intersection (MAP) and AV creates own driving scenario using SPAT information.
· AV goes through or stops taking signal timing into account.
· AV can stop at the correct position using the high definition map. 

[image: ]Figure 2.1
Note: Figure 2.1 shows a locally placed ‘Intersection manager’, which may also be centrally located. 
Post-conditions
None.
Potential requirements:
[PR xyz]	 The 3GPP System shall have a fast data transfer mechanism between an intersection manager and AV for the purpose of downloading High definition map for the critical automotive applications. 


Proposed Automated Intersection Crossing User Story: Collision prevention with other vehicles
This Automated Intersection Crossing user story describes a scenario in which a collision prevention with other vehicles using V2V communication at intersection with traffic light. 

Pre-conditions
None.
Service flows 
In this user story AV has entered an area in which an intersection manager can communicate with AV.
· The intersection manager sends the SPAT information and high definition map of the intersection.
· [bookmark: _GoBack]Other vehicles (RV1, RV2, and RV3) send their relevant information.
· There may be communication of information from VRUs (cyclists, pedestrians, etc.) at the intersection in some cases.
· AV receives the SPAT information and high definition map of the intersection (MAP) and BSMs from other vehicles. And AV creates its own driving scenario using those information.
· AV goes through or stops taking signal timing and other vehicle’s BSM into account. 
· AV can stop at the correct position using the high definition map. 

[image: ]Figure 3.1
Note: Figure 3.1 shows a locally placed ‘Intersection manager’, which may also be centrally located. 
Post-conditions
None.
Potential requirements:
[PR xyz]	 The 3GPP System shall have a fast data transfer mechanism between an intersection manager and AV for the purpose of downloading High definition map for the critical automotive applications. 
 [PR xyz]The 3GPP System shall have a low latency data transfer mechanism between AV and other RVs for the purpose of data sharing between vehicles for the critical automotive applications. 
[PR xyz]The 3GPP System shall provide a positioning accuracy e.g. considering support of high definition maps, GNSS, highly accurate positioned AV and RVs.

Proposed Automated Intersection Crossing User Story: Automated crossing by centralized negotiation
This Automated Intersection Crossing user story describes a scenario in which intersection manager controls the operation of vehicles traveling through intersections.
intersection manager receives all vehicle’s BSM and VRU’s information and controls the all vehicles operation taking traffic signal timing into account at the intersection by sending the instruction of the each vehicle’s movement.

Pre-conditions
None.
Service flows 
In this user story AV has entered an area in which intersection manager can communicate with AV.
· All vehicles (AV, RV1, RV2, and RV3) at the intersection send the BSM information.
· There may be communication of information from VRUs (cyclists, pedestrians, etc.) at the intersection in some cases.
· The intersection manager receives relevant information from all vehicle’s and VRU’s information and creates the all vehicles operation for crossing the intersection taking traffic signal timing into account 
· The intersection manager sends the instructions how each vehicle must go through the intersection and high definition map of the intersection.
· AV receives the own instruction how to go through the intersection and high definition map of the intersection. And AV creates own driving scenario using those information.
· AV goes through or stops according to the instruction that receives from intersection manager. 
· AV can stop at the correct position using the high definition map. 
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Note: Figure 4.1 shows a locally placed ‘Intersection manager’, which may also be centrally located. 
Post-conditions
None.
Potential requirements:
[PR xyz]	 The 3GPP System shall have a fast data transfer mechanism between intersection manager and AV for the purpose of downloading High definition map for the critical automotive applications. 
 [PR xyz]The 3GPP System shall have a low latency data transfer mechanism between AV and RVs for the purpose of data sharing between vehicles for the critical automotive applications. 
[PR xyz]The 3GPP System shall provide a positioning accuracy e.g. considering support of GNSS, high definition map, highly accurate positioned AV and RVs.
Performance Requirements
	KPI Title
	KPI Value
	Explanations/Reasoning/Background

	Payload (Bytes)
	500 @10Hz - 2,500 @1Hz
+ 200? Overhead
or
2300
	BSM: 50bytes(part1), 400bytes (part2, path history), SPaT 100bytes, MAP 1000byets, Intersection manager 400 bytes (path /vel plan e/c vehicle)

	Tx rate (Message/ Sec)
	10 or 100
	ctrl rate, dsrc

	Max end-to-end latency
(ms)
	10
	Inter-ITS stack (V2V, I2V, N2V), dsrc
(+ 10msec for in vehicle comm, 80msec for proc at AD/ADAS unit. Overall 100msec)

	Reliability (%)

	99.9999
	< 1 msg missing per 200k msgs in 10sec
  1.5k vehicles @ 10Hz, 5k ped @1Hz x 10sec
guaranteed: detecting message missing .

	Data rate (Mbps)
	100 or 500
(depend on traffic density)
	1.5k vehicles + 5k ped/cyclist : dense city (est.).
　-20% road area of 500mΦ (TTC 10sec, relative 160km/h).
  -2sec THW for vehicle density, 
  - VRU : 1p /m^2
  - Intersec : 50 intersections@ 500m radius

	Min required communication
 range (meters)

	500
	2sec THW, 500mΦ (TTC10sec, relative 160km/h)



Conclusion
It is proposed to include these user stories as an extension of the automated intersection crossing use case. 
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