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Abstract: This paper evaluates V2P use cases for purposes of completing feasible use cases that can lead to reasonable requirements, directly usable by downstream working groups.
Introduction
The importance of the goal of saving human lives cannot be overemphasized. However, in order to produce practical, reasonable requirements that will be usable by downstreams groups, SA1 should be mindful of practicality and feasibility aspects of V2X communications. 

Discussion
After some investigation, we believe that the power constraints of user UEs (i.e. those carried by VRUs) are signficant when it comes to V2P communications. Therefore SA1 should consider the following arguments:

Argument 1: To alert the vehicles in time, the P-UE has to transmit at a high rate; even with the reduced range and relative speed (to a V- UE),  the requirement would still call for a rather high rate, which may negatively affect the battery life of the user device..

Argument 2: It is less useful to signal “via his/her phone” to the P-UE that the user is about to be run over, than to signal to the V-UE “via the dashboard” that the driver should take a quick action to avoid injuring the pedestrian.

Argument 3: Other standards bodies (SAE Society of Automotive Enginers)[footnoteRef:1] will likely addres the VRU use cases by alerting the vehicle, not the pedestrian. [1:  In their document draft SAE J2945/9, still WIP.] 


Argument 4: It is more computationally burdensome to process many messages from all nearby V- UEs, than to broadcast one safety message, with a given periodicity. Therefore, the assumingly constrained P-UE device should only have to transmit, not receive and process.


Proposal 1: The use cases involving Pedestrians and other Vulnerable Road Users should use P2V communications and the P-UE should not be required to receive or process messages from V-UEs or RSUs.


Proposals:
It is proposed to modify TR 22.885 as follows:

*****Start of changes *****
[bookmark: _Toc429671242]4.4	Vehicle-to-Pedestrian (V2P)
E-UTRAN allows such UEs that are in proximity of each other to exchange V2P-related information using E-UTRAN when permission, authorisation and proximity criteria are fulfilled. The proximity criteria can be configured by the MNO. However, UEs supporting V2P Service can exchange such information even when not served by E-UTRAN.
The UE supporting V2P applications transmits application layer information. Such information can be transmitted broadcast either by a vehicle with UE supporting V2X Service (e.g., warning to pedestrian), and/or by a pedestrian with UE supporting V2X Service (e.g., warning to vehicle). 
V2P includes the exchange of V2P-related application information between distinct UEs (one for vehicle and the other for pedestrian) directly and/or, due to the limited direct communication range of V2P, the exchange of V2P-related application information between distinct UEs via infrastructure, e.g., RSU.
*****Next change *****


[bookmark: _Toc429671340]5.17	Warning to Pedestrian against Pedestrian Collision
[bookmark: _Toc429671341]5.17.1	Description
This use case is to provide information to vulnerable road users, e.g. pedestrian or cyclist, of the presence of moving vehicles in case of dangerous situation. As a result, warnings are provided to vulnerable road users to avoid collision with the moving vehicle.
[bookmark: _Toc429671342]5.17.2	Pre-conditions
An MNO offers a service, which makes use of the V2X feature.
Vehicle A is a UE supporting V2X Service.
Pedestrian B uses a smartphone which is a UE supporting V2X Service for pedestrian.
Vehicle A and Pedestrian B are in proximity.
Vehicle A and Pedestrian B are authorized for vehicular services.
[bookmark: _Toc429671343]5.17.3	Service Flows
Pedestrian B's smartphone monitors transmission of V2X messages.
Vehicle A is about to pass through crosswalk or intersection transmits a V2X message using V2P communication, with a given periodicity and within a given latency. 
V2X message from Vehicle A provides information on the presence, trajectory and speed of Vehicle A.
Pedestrian B's smartphone receives the V2X message transmitted by Vehicle A.  
[image: ]
Figure 5.17.3-1: Pedestrian Collision Warning even when out of the line of sight 
[bookmark: _Toc429671344]5.17.4	Post-conditions
Pedestrian B’s smartphone gets aware of a situation related to the presence of vehicle(s) and collision risk.
Pedestrian B’s smartphone generates necessary alerts for Pedestrian B (e.g., visual alarm, audio-visual alarm or vibration) so that the driver may take preventive action in advance of possible risky situation.
Note:	The generation of alarm or method to alert the vulnerable road user is out of the scope of 3GPP.
[bookmark: _Toc429671345]5.17.5	Potential Requirements
[PR 5.17.5-001] 	A UE supporting V2X Service shall be authorized for vehicular services.
[PR 5.17.5-002] 	A UE (for pedestrian) supporting V2X Service shall be authorized by the MNO for vehicular services.
[PR 5.17.5-003] 	A V2X message generated by a UE supporting V2X Service shall be delivered to UEs supporting V2X Service for pedestrian within [TBD] ms with sufficiently low delivery loss void.
[PR 5.17.5-004] 	A UE supporting V2X Service shall be able to support multiple delay requirements depending on different types of V2X messages.
[PR 5.17.5-005] 	A UE supporting V2X Service shall be able to transmit V2X message in a periodical manner. 
[PR 5.17.5-006] 	A UE supporting V2X Service shall be able to transmit V2X message in an event-driven manner.
[PR 5.17.5-007] 	A UE supporting V2X Service shall be able to support a maximum message size of [TBD] bytes.
 [PR 5.17.5-008] 	A UE supporting V2X Service shall be able to deliver broadcast V2X messages to UEs supportingfor V2X Service for pedestrian.
[PR 5.17.5-009] 	A UE supporting V2X Service for pedestrian shall be able to receive transmit V2X messages sent from to a UE supporting V2X Service moving at the absolute velocity up to [TBD] km/h.
[PR 5.17.5-010] 	Security for V2X message delivery shall be supported.
[PR 5.17.5-011] 	A UE supporting V2X Service for pedestrian shall be able to support reception transmission of V2X messages from to a UE that supports V2X Service, subscribed to different MNO.

[PR 5.17.5-012] 	A UE supporting V2X Service shall be able to support transmission broadcast of V2X messages to for UEs that supports V2X Service for pedestrian and are subscribed to different MNO.
[PR 5.17.5-013] 	For UE supporting V2X Service for pedestrian, the impact of V2X message transmission on battery consumption should be minimized.
[bookmark: _GoBack][PR 5.17.5-014] A UE supporting V2X Service for pedestrian should be able to receive V2X messages sent from UEs supporting V2X Service moving at an absolute velocity up to 160 km/h.
[PR 5.17.5-015] A UE supporting V2X Service for pedestrian should be able to support reception of V2X messages from a UE that supports V2X Service, subscribed to different MNO.


*****Next change *****


[bookmark: _Toc429671346]5.18	Vulnerable Road User (VRU) Safety
[bookmark: _Toc429671347]5.18.1		Description
This use case describes the scenario whereby a vehicular and a pedestrian are both equipped with V2X capabilities, and the vehicle detects each other’sthe pedestrian’s presence and alerts the driver and/or the pedestrian, if an imminent threat is present. This capability extends the safety benefit of V2X to pedestrians and other vulnerable road users, e.g. bicyclists, wheelchair users, etc. 
Note that ETSI TR 102.638[1] defines a similar Vulnerable Road User Warning use case where a user device broadcast co-operative awareness messages (CAM) with information on the presence, trajectory and speed of the vulnerable road user. Nearby vehicles can receive, decode, and process CAM messages and provide warnings to driver to avoid collision with the vulnerable road user. This use case requires maximum latency time of 100 ms, and the minimum CAMs frequency of 1 message per second. The maximum latency time is calculated to be communicated to the network/transport layer.

[bookmark: _Toc417310947][image: ]
Figure 5.18.3-1:  Vulnerable road user warning use case scenario
[bookmark: _Toc429671348]5.18.2		Pre-conditions
Vehicle A and VRU B are supporting V2X Service; 
Vehicle A and VRU B are in proximity (within each other’s V2X communication range);
[bookmark: _Toc429671349]5.18.3		Service Flows
Vehicle A broadcasts a message containing its current status, e.g., location, speed, acceleration and trajectory;
VRU B receives the message from vehicle A, and determines whether it is in a vulnerable situation with potential traffic hazard, e.g., by checking user outdoor/indoor status, proximity to Vehicle A, user behaviour activity state, e.g., texting, looking at the screen, listen to music;
If the user is in danger, VRU B notifies the user at least [4] seconds before TTC, and broadcasts a pedestrian message to Vehicle A, containing its status, e.g. location, speed, acceleration and optionally user behaviour state;
Based on user choice, VRU B may also receive and process messages from Vehicle A, in order to alert the pedestrian.

Vehicle A receives messages from VRU B and determines that it needs to notify its driver of potential pedestrian conflicts at least [4] seconds before of TTC.
[bookmark: _Toc429671350]5.18.4		Post-conditions
Both The Driver of Vehicle A and the user of VRU B areis informed of the potential hazard, and can take necessary actions.
[bookmark: _Toc429671351]5.18.5		Potential Requirements
Note 1: 	Some example informative V2X parameter sets are offered in Annex A of this document.
The potential requirements derived from this use case are:
[PR.5.18.5-001] 	A UE supporting V2P Service shall be able to receive broadcasted messages from other UEs which support V2P Service.
[PR.5.18.5-002] 	A UE supporting V2P Service shall be able to send a broadcast message when it is triggered by the V2X Service layer.
[PR.5.18.5-003] 	The E-UTRA(N) shall be able to support high mobility performance, (e.g. a maximum absolute velocity of 160kmph). 
[PR.5.18.5-004] 	The E-UTRA(N) shall be able to support a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds). 
[PR.5.18.5-005] 	The E-UTRA(N) shall be able to support a typical message size of 50-300 bytes, which can be up to 1200 bytes.
Note 2: 	The content (which is out of scope of 3GPP) allows the application layer to make collision avoidance calculations based on, e.g. its current location, speed, acceleration and optional estimated trajectory
Note 3: 	The above message size does not take into account security overhead that can be added by application layer.
[PR.5.18.5-006] 	The E-UTRA(N) shall be able to support a maximum latency of 100ms.
[PR.5.18.5-007] 	The E-UTRA(N) shall be able to support a maximum frequency of 1 V2X message per second.
[PR.5.18.5-008] 	The E-UTRA(N) shall be able to support high reliability without requiring application-layer message retransmissions. 
*****Next change *****


[bookmark: _Toc429671370][bookmark: _Toc409544457]5.22	Pedestrian Road Safety via V2P awareness messages
[bookmark: _Toc429671371]5.22.1	Description
A pedestrian carries a UE, which is able to transmit and receive awareness and safety related V2P broadcast messages. There are two possible approaches. 
-	Approach 1: The pedestrian UE performs risk assessment. (see use case 5.18 Vulnerable Road User (VRU) Safety). The pedestrian UE sends a notification message with position and speed to the vehicle in case of danger. 
-	Approach 2: The pedestrian UE broadcasts itself awareness messages regarding location and speed. Risk assessment is performed by the Vehicle UE. This approach is described in this Use Case.
The pedestrian UE broadcasts periodically awareness messages with position, speed and heading information. The messages are received by Vehicle UEs, which perform collision risk assessment and warn the vehicle driver and the pedestrian in case of potential collisions. Example traffic scenarios are e.g.: 
· a pedestrian with a UE:
· Vehicle and pedestrian are on a collision course with each other, e.g. the pedestrian is approaching from behind the corner of a building, or entering the road from behind a parked vehicle.
· Pedestrian is walking on the side of a badly illuminated road.
· a bicycle or a moped has a UE, composed of an on-board unit which takes care of the communication and a smartphone UI for displaying the warnings.
· Cyclist is on collision course with the vehicle, e.g. approaching from a cycle lane crossing the road.
· Cyclist is overtaking a slow moving or standstill vehicle and is in the left blind spot of the vehicle. This includes also the case that the driver opens the door of the vehicle with the bicycle approaching.
· Vehicle is turning into the path of the cyclist or moped (cyclist is in the right blind spot of the Car)
· motorcycle
· Vehicle and motorcycle are on collision course at an intersection. The driver does not notice the motorcycle.
· Motorcycle is overtaking a vehicle. The vehicle performs a lane change without noticing the approaching motorcycle. 
[bookmark: _Toc429671372]5.22.2	Pre-conditions 
-	Pedestrian UE and vehicle UE support V2P Services 
-	Both pedestrian UE and vehicle UE broadcast periodically awareness messages.
-	Vehicle UE and pedestrian UE are in proximity i.e. within each other’s V2P communication range
-	Pedestrian UE comes within a critical range of the vehicle UE trajectory.
-	Vehicle UE performs collision risk assessment with use of received awareness messages 
-	Vehicle can send collision risk warnings messages to other vehicles and pedestrians.
[bookmark: _Toc429671373]5.22.3	Service Flows
1. The pedestrian UE periodically broadcasts awareness messages, indicating its current position, speed and heading.
2. The vehicle UE builds a dynamic map with the location of the other road users
3. The risk assessment at the vehicle UE detects a potential collision risk 
4. At a potential collision risk, the vehicle UE warns the driver. In parallel, a collision risk warning message might be sent by the vehicle UE to the pedestrian UE. 
[bookmark: _Toc429671374]5.22.4	Post-conditions
Vehicle driver and pedestrian areis alerted of a potential collision, and takes appropriate action to avoid or mitigate a collision.
[bookmark: _Toc429671375]5.22.5	Potential Requirements
[PR.5.22.5-001] A UE that supports V2P Services (i.e. used by pedestrian) shall be able to transmit and receive periodic broadcast messages (i.e. awareness messages) and event-driven messages (e.g. warnings). 
[PR.5.22.5-002] The E-UTRA(N) shall be able to support a communication range between UEs that support V2P Services sufficient to give the vehicle driver(s) and/or pedestrian ample response time (e.g. 4 seconds). 
[PR.5.22.5-003] The E-UTRAN shall be capable of transferring V2P messages between UEs supporting V2P Services with a maximum relative velocity according to the context of the UEs (e.g. for motorcycle-vehicle communications up to 280 km/h, for pedestrian-vehicle communication up to 160 km/h).
[PR.5.22.5-004] The power consumption of a UE supporting V2P Services (i.e. used by pedestrian) only shall be minimized.


*****End of changes *****
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