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1. Introduction
This contribution proposes a new solution for key issue #4 where VAE capabilities at the client and server enable triggering request for Tele-operated driving (ToD) support from the vehicle and providing related requirements to the server, which will remotely operate the vehicle (i.e. provding the ToD service to the vehicle).

In tele-operated driving (ToD), a remote driver, either human or machine, interacts with the vehicle that is remotely driven. For instance, in some implementations a remote driver provides trajectories to the vehicle driving in an autonomous manner to the available/predefined parking spot. In other implementations, a remote driver (human or machine) undertakes to operate the vehicle (i.e., sending steering/command instruction).

There are several example use-cases where ToD support is needed:

•
The driver or the automated driving system of vehicle relies on a remote driver to take control of the vehicle for a period of time to the destination.

•
The driver or the automated driving system of vehicle that enters a construction zone or the scene of an accident sends a tele-operated driving request to the remote driver to take control of the vehicle for a limited time period and area.

•
Automated parking: The driver or the automated driving system of vehicle enters a public or private parking area and requests remote driving support for automated parking.

•
Infrastructure based tele-operated driving: This is a way of implementing ToD using the data and inputs from infrastructure sensors and cameras to the remote driver, instead of only from the on-board sensors and cameras of the vehicle.

Consequently, there are two levels of control:

•
A remote driver sends assisting information as trajectory information (e.g. way points) to the vehicle or automated driving system which is still in charge of the operation control of the vehicle, e.g. angle of the steering wheel, braking, and accelerating.

•
A remote driver takes full control of driving the car and is able to remotely operate the car e.g. control acceleration, angle of steering wheels.
In all use-cases, the trigger for ToD support comes from the V2X UE along with necessary information to operate the vehicle (e.g., start and end points in the form of geographical and/or time points, location information such as trajectory of the vehicle, capability/situation of the vehicle).
Trigger for ToD support can be performed at the V2X application layer or at the VAE layer. This contribution proposes the solution at the VAE layer because this solution provides the unified API to the ToD service user via VAE and cellular network and simplifies the design of ToD service client and server side implementations. Besides, communication at the VAE layer is considered more trustworthy than at the V2X application layer, which is out scope of 3GPP. The proposed solution can generally be applicable to any services that require session-oriended communication support with an initiation from the client, i.e. V2X UE, side.
2. Reason for Change
The triggers for ToD support and required information to operate the vehicle by the server should be added.
3. Conclusions

<Conclusion part (optional)>
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.764 v0.4.
* * * First Change * * * *

5.4
Key issue 4 – Support for tele-operated driving

Tele-operated driving allows a remote driver to interact with one or more vehicles, the remote driver acting as a V2X application server and the vehicles as V2X UEs. The communication is typically one-to-one where a V2X application server establishes a tele-operated driving session with one or more V2X UEs. 
It requires further study:

-
Supporting functions are required at the VAE layer to enable as tele-operated driving between the V2X application server and one or more V2X UEs.
-
Triggering mechanisms for tele-operated driving and required information at the V2X application server to remotely operate the vehicle.
* * * Next Change * * * *

7.X
Solution #X: Triggering ToD support by V2X UE
7.X.1
Solution description

7.X.1.1
General
This solution addresses the key issue #4. V2X UEs requiring ToD support issue a ToD trigger request to the server and communicate the information needed by the V2X application server to remotely operate the vehicle.
7.X.1.2
Procedure

Pre-conditions:

1.
The V2X UE has subscribed to a tele-operated driving service.

2.
The V2X UE has already discovered one or more VAE servers that provide a tele-operated driving service.
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Figure 7.X.1.2-1: Procedure for triggering ToD support and communicating ToD requirements with the VAE server
1.
The V2X application-specific client has determined a current or upcoming situation which requires ToD support and triggers the VAE client to initiate a ToD trigger request along with ToD requirements (e.g. start and end points in the form of geographical and/or time points, location information such as trajectory of the vehicle, capability/situation of the vehicle, e.g. if it can perform automated driving based on the trajectory from the remote driver, or it will rely on the remote operational control by the remote driver).

2.
The VAE client processes the ToD trigger request. The VAE client may determine the VAE server based e.g. on current geographical location of the vehicle or vehicle trajectory from the list of available VAE servers that provide ToD service and their serving geographical areas.

3.
The VAE client sends the ToD trigger request with the ToD requirements (e.g. start and end points) to the VAE server.

4.
The VAE server processes the ToD trigger request and determines the V2X application-specific server for ToD support (acts as remote driver). The VAE server may collect network and QoS related parameters of the network the available ToD support, e.g., which kind of ToD service (trajectory or operational control) the network can support based on the current conditions.

NOTE 1: This step might require interaction with the network to retrieve QoS information, if not available at the VAE server. 
Editor's note:
It is FFS if the solution to determine appropriate V2X application-specific server is split and generalized.

5.
The VAE server provides a ToD trigger request together with the network and QoS related parameters of the network the available ToD support to V2X application-specific server. 

6.
The V2X application-specific server makes the decision and provides a ToD trigger response to the VAE server indicating if ToD support is possible.

7. The VAE server processes the ToD trigger response from the V2X application-specific server (e.g. stores V2X application-specific server which serves the V2X UE).

8. The VAE server provides a ToD trigger response to the VAE client.

NOTE 2: The VAE server can provide additional information with the ToD trigger response such as network information and QoS related information. The ToD application specific client may adapt its behaviour according to the QoS notification information. 
9. The VAE client can process the response e.g. determine V2X application-specific client who initiated the ToD trigger request. 

10. The VAE client provides a ToD trigger response to the V2X application-specific client.

11. A tele-operated driving session can be established as described in subclause 7.1.1.2 in case of success response.

7.X.2
Solution evaluation

This is a vailable solution to trigger tele-operated driving support by the V2X UE and provide the required information to the V2X application specific server to establish the service session for remotely operating the vehicle. This solution provides the unified API to the ToD service user via VAE and cellular network and simplifies the design of ToD service client and server side implementations.
* * * Next Change * * * *
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