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Abstract: This contribution discusses the requirements for V2I service in V2X TR. 
1 Introduction
Current TR has TBD values for V2I service provided by a RSU. This contribution shows that RSU has 2 types of roles to consider: exchange of V2I messages with surrounding UEs, relay of V2V messages between UEs. 

Then this document clarifies the TBD values for the V2I messages. 
2 Discussion
Clarification of RSU service characteristics
From EU standards [1], there are three different types of messages that RSU need to transmit:

Type I: V2I service application in the RSU generates event-driven warning messages for the UEs in the vicinity according to the state of traffic such as traffic light information. The most typical use case is the Signal Violation Warning, in which the V2I Service warns the vehicles in the vicinity when one vehicle is violating the traffic signal. 
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Fig 1Signal violation warning use case

Type II:The other kind of message is when the  RSU relays V2V messages from one car to the other which may not have the line-of-sight propagation path with the initial car. For example in figure 2 below to relay the warning message of the vehicle on one road to the vehicles on the other side of cross road.
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Fig 2 V2V message relay use case

Type III:The RSU can also be used for telematics service, i.e. access to far end server infromation. As telematics services are only related to the data transfer between vehicle and Internet telematics servers, such as traffic control center or navigation application server. The priority of the telematics data is lower than that of V2I safety service and the performance requirement deviates from the high-reliability and ultra-low delay constraint of V2I service.
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Fig 3 Telematics use case by accessing far end Internet server

We consider below only the local service provided by RSU, Type I and II.
Parameter values for RSU Type I and II 
For Type I message, the specific V2I service requirement are regulated in EU standard [2], including the communication range, the transmission lantency, and packet loss rate. The message size are regulated in [3][4] and transmission frequency in [1].
For Type II message, the service requirements are identical to V2V service, because V2V messages are relayed between cars. 
Only the moving speed requirement is different as the entity hoting the V2I Service application is stationary. Therefore both Type I and II mesasge should support the maximum relative moving speed of 130km/h, as [2] specifies.

The requirements are summarized in the following table:
	Parameter
	Value for RSU Type I 
	Value for RSU Type II 

	


	Typical V2I message size 
	50-400 Bytes[3][4]
	50-400 Bytes
	

	Message frequency for V2I message
	Message sending varies between 1-10Hz [1]
	Message sending varies between 1-10Hz.
	

	V2I communication range between UEs and RSUs
	No less than 300m in light of sight, no more than 200m in congested state [2]
	No less than 300m
	

	Latency to transfer typical V2I message size through the expected range
	No larger than 100ms [1] and 200ms [2]
	No larger than 100ms

	

	Maximum UE and RSU relative speed considered for V2I message
	130 km/h [2]
	130km/h
	

	maximum message size for V2I message
	3000 bytes[3][4]
	3000 bytes
	

	Maximum message loss rate for V2I message
	No more than 5% of consecutive message loss [2]
	No more than 5% of consecutive message loss
	


3 Proposal

Changes in the V2X TR are proposed to align terminology used in V2I use cases and provide V2I performances values.
***** BEGIN CHANGE *****
5
Use Cases
5.6
V2I Emergency Stop Use Case
5.6.1
Description

This use case describes vehicles V2I communication where a Service RSU notifies vehicles in vicinity in case of emergency stop to trigger safer behaviour.
5.6.2
Pre-Conditions

John is driving his car on the street. The car is equipped with ProSe-enabled UE supporting V2X service. 
There is several Service RSUs in his vicinity also equipped with ProSe-enabled UEs supporting V2X service.

5.6.3
Service Flows

John’s car engine breaks and his car suddenly stop in middle of the street. The safety service of John’s car notices this event and generates an “Stationary vehicle warning” DENM message. 
A Service RSU in John’s vicinity is able to receive the message.

The Service RSU relays the message to its surrounding cars.
All cars within the transmission range from the Service RSU are able to receive the message.
5.6.4
Post-Conditions

Cars in the vicinity of the Service RSU deliver the information to drivers who can take appropriate action.
5.6.5
Potential Requirements

[PR.5.6.5-001] The E-UTRAN shall be capable of transferring V2I service messages between two UEs supporting V2I applications with variable message payloads smaller than [3000] Bytes. The typical size of messages is [400] Bytes.
[PR.5.6.5-002] The E-UTRAN shall be capable of transferring V2I service messages between a highly mobile UE and a roadside unit both supporting V2I applications with the maximum frequency of [10] messages per second.
[PR.5.6.5-003] The E-UTRAN shall be capable of transferring V2I service messages between a highly mobile UE and a roadside unit both supporting V2I applications with latency no larger than [100] ms and low delivery loss rate.
[PR.5.6.5-004] The E-UTRAN shall be capable of supporting communication range between a highly mobile UE and a roadside unit both supporting V2I applications of at least [300] m at a given packet error rate of [5% of consecutive message loss] for the transfer of V2I service messages. 
5.7
Queue Warning
5.7.1

Description

In a lot of situations, a queue of cars on the road may pose a potential danger and cause delay of traffic, e.g. when a turning queue extends to other lanes. Using the V2X Service, the queue information can be made available to other drivers beforehand. This minimizes the likelihood of crashes and allows for mitigation actions.

5.7.2

Pre-conditions

Vehicles A, B, C, and D are V2X Service enabled and can communicate with each other using the V2V Service, and also communicate with an infrastructure entity, RSU, via the V2I Service. 

Vehicles A, B and C are queuing at a junction with Vehicle A at the queue head and Vehicle C at the queue end. Vehicle D is approaching the junction from afar. 

5.7.3

Service Flows

The service flow involves two aspects: queue determination and queue information dissemination. The former is making use of the V2V Service, and the latter is using the V2I Service.

The detailed service flow is as follows:  


-
Each of the vehicles A, B and C broadcasts a message periodically to other vehicles in proximity using V2V Service. The message indicates their status, e.g. location, vehicle dimension, heading, speed, brake status, gear level, and possible environment information. 


-
Vehicle C receives the broadcast messages, and determines that it is the end of the queue, and thus periodically informs the RSU, using V2I Service, regarding the queue information, e.g. size of the queue, status of the queue, the size of the queue, the last position of the queue, which lanes are affected, etc. 


-
The RSU broadcasts a message to vehicles in proximity, using the V2I Service, about the queue, based on information received from Vehicle C.


-
Vehicle D, when approaching the RSU, receives the message from the RSU using the V2I Service, and the driver is made aware of the queue and related information, such that driving strategy can be formed before reaching the queue.


-
The vehicle D joins the queue behind vehicle C. Vehicle D replaces vehicle C to update the RSU, using V2V Service, about the queue, after it determines that it became the end of the queue.

5.7.4

Post-conditions

Driver of Vehicle D is made aware of the queue ahead of time, and can take actions accordingly in a timely fashion. 
5.7.5

Potential Requirements

[PR.5.7.5-001]
A Vehicular UE shall be able to transmit a message to an RSU.

[PR.5.7.5-002]
A Vehicular UE shall be able to receive a message from an RSU.

[PR.5.7.5-003]
The E-UTRA(N) shall be able to support a relative speed of [130] km/h. 

[PR.5.7.5-004]
The E-UTRA(N) shall be able to support a communication range of [300] m, at a given packet error rate [ 5% of consecutive message loss]. 

[PR.5.7.5-005]
The E-UTRA(N) shall be able to support a message size of [50-400 Bytes].

Note: 
the content (which is out of scope of 3GPP) allows the application layer to make decisions based on, e.g. its current position, speed, acceleration and optional estimated trajectory

[PR.5.7.5-006]
The E-UTRA(N) shall be able to support low delay [100 ms] and high reliability [5% of consecutive message loss]. 

[PR.5.7.5-007]
The V2I Service shall support user/vehicle anonymity and integrity protection of the transmission.

Editor’s Note: The terminology used to distinguish a UE that is part of a vehicle needs further consideration. Also the need for the "V2X-enabled" part of the terminology should be checked.

5.8
Road safety services via V2X-enabled eNB 
5.8.1
Description

V2X messages are delivered from one vehicle to other vehicles via a V2X-enabled eNB which may be installed on the road side. 
The V2X-enabled eNB receives V2X messages transmitted from vehicles and transmits the received V2X messages to vehicles within a local area.

A vehicle receives V2X messages transmitted by the V2X-enabled eNB. After processing the received V2X messages, the vehicle notifies the driver of relevant information. 
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Figure 5.8.1-1: Road safety services via a V2X-enabled eNB
5.8.2

Pre-conditions

The vehicles recognize that the network supports road safety services. Each vehicle is served by a V2X-enabled eNB in the network. 

Each vehicle is capable of generating, transmitting, receiving and processing V2X messages.

The V2X-enabled eNB is capable of generating, transmitting, receiving and processing V2X messages. 
5.8.3

Service Flows

Vehicle A and Vehicle B determine a cell which is controlled by a V2X-enabled eNB for active road safety services.
Vehicle A triggers transmission of a V2X message periodically or based on a certain event that happens at the vehicle, e.g. collision risk warning. 
The V2X-enabled eNB receives one or more V2X messages from one or more vehicles including Vehicle A.

The V2X-enabled eNB may or may not filter out some V2X messages received from some vehicles.

The V2X-enabled eNB distributes a V2X message at the cell.

Vehicle B monitors transmission of the V2X messages and receives the V2X message at the cell.

NOTE:
The message broadcast by the V2X-enabled eNB may or may not be the same as the message received from the vehicle. However, how the V2X-enabled eNB constructs the message broadcast at the cell is out of the scope of 3GPP.
5.8.4

Post-conditions
Vehicle B gets aware of a situation related to road safety, e.g. collision risk warning.

Vehicle B generates necessary alerts for the driver of the vehicle (e.g., visual alarm, audio-visual alarm) so that the driver may take preventive action in advance of possible risky situation.

NOTE:
The generation of alarm or method to alert for the driver is out of the scope of 3GPP.
5.8.5

Potential Requirements
[PR.5.8.5-001]
A V2I message generated by a V2X-enabled UE shall be delivered to other V2X-enabled UEs via a V2X-enabled eNB(s) within [X] ms with sufficiently low delivery loss.
[PR.5.8.5-002]
The V2I message transmission shall be supported with user/vehicle anonymity and integrity protection.
Editor’s Note:
Whether or not different V2I messages have different delay requirements is FFS.

[PR.5.8.5-003]
A V2X-enabled UE shall be authorized for vehicular services.

Editor’s Note:
Whether the V2X-enabled UE needs to be classified into V2V-enabled UE, V2I-enabled UE and V2P-enabled UE is FFS.

[PR.5.8.5-004]
A V2X-enabled UE shall be able to recognize whether a cell supports vehicular services.

[PR.5.8.5-005]
A V2X-enabled UE shall be able to transmit V2I messages in a periodical manner. 

[PR.5.8.5-006]
A V2X-enabled UE shall be able to transmit V2I messages in an event-driven manner. 

[PR.5.8.5-007]
A V2X-enabled UE moving at the speed up to [130] km/hour shall be able to receive V2I messages.
[PR.5.8.5-008]
V2X-enabled eNB shall be able to periodically transmit a V2I message at least every [100] ms.

[PR.5.8.5-009]
A V2X-enabled eNB shall be able to support a maximum message size of [3000] bytes.
Editor’s Note: The terminology used to distinguish a UE that is part of a vehicle needs further consideration. Also the need of the "V2X-enabled" part of the terminology should be checked.

5.9
Automated Parking System
5.9.1

Description

The Automated Parking System (APS) contains a database which provides real-time information to vehicles in a metropolitan area on availability of parking spots, be it on the street or in public parking garages.  Connected vehicles help maintain the real-time database of the occupancy of parking spaces, which can be accessed by means of smartphones and connected vehicles. APS allows a driver to reserve an available parking space, be guided to it via a navigation application, and make a hands-free payment for parking.

5.9.2

Pre-conditions

City of Mobile has deployed an automated parking system that includes multiple road-side unit (RSU) entities supporting V2X communication.

Vehicles A supports V2X and the automated parking system; Vehicle B does not support the automated parking system (may support V2X in general).
5.9.3

Service Flows

Vehicle A launches a V2I application supporting APS, and sends a parking reservation request to a server handling reservations, indicating the intended destination;

Vehicle A receives a parking space reservation including a reservation reference;

Vehicle A may be guided towards reserved space via a navigation application;

When Vehicle A approaches the reserved parking lot, it connects to the parking lot RSU in proximity;

Vehicle A and RSU mutually authenticate their identities as the correct parking lot RSU, and vehicle owning the specific reservation reference;

The Parking lot RSU allows entrance, informs vehicle A of the parking space number, may guide the vehicle toward it using a high-resolution map (e.g. provide indoor navigation assistance), etc.;

Vehicle B approaches the same parking lot without a reservation. It connects to the parking lot RSU, but it fails to provide a valid reservation, so the RSU refuses access.

5.9.4

Post-conditions

Vehicle A is able to obtain a parking spot 

Vehicle B is asked to first purchase a reservation

5.9.5

Potential Requirements

[PR.5.9.5-001]
 ARSU shall be able to support transmission and reception of unicast messages.

[PR.5.9.5-002]
The E-UTRA(N) shall be able to support a relative speed of [130] km/h. 

[PR.5.9.5-003]
The E-UTRA(N) shall be able to support a communication range of [300] m, at a given packet error rate [TBD]. 

[PR.5.9.5-004]
The E-UTRA(N) shall be able to support a message size of [50-400 Bytes].

[PR.5.9.5-005]
The E-UTRA(N) shall be able to support medium delay [100ms] and relatively high reliability [5% of consecutive message loss ].
***** END of CHANGE *****
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�Relay is in fact V2V


�No need to combine as RSU V2I is different from RSU V2V relay


�Just to align with 100ms latency used in the use cases.





