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5.X
QoS Aspects of advanced driving

5.X.1
General

According to [38], there are several levels for automated driving. Based on design decision by manufactures or by regulation, an appropriate level of automated driving will be designated per each driving environment. 

Based on the implementation or approach taken by each manufacturer or the environment where each vehicle is located, whether to engage automated driving or not needs to be controlled by the V2X service either in the vehicle or in the cloud of remote back-end. Following are examples:

-
A vehicle can operate as an automated vehicle when its future driving route is within areas for which the driving tests have already been finished to confirm that the vehicle can drive safely. 

-
Due to capability limitations such as real-time data/image processing capability, some portion of computation for sensor data processing and/or driving manoeuvre decision should be performed in the cloud. In this case, the V2X service may allow the vehicle to be automated only when it can reliably connect to the vehicle. 

-
To resolve potential liability issue, the V2X service may want to continuously monitor the status of the vehicle and the surrounding environment.

-
Depending on regulations and conditions, the permission to use of automated driving can differ per each environment. For example, regulations may specify that automated driving is allowed only on the highway. Or, due to heavy rain, local road authority may decide not to allow the use of automated driving in a certain road. Because of the amount of information, the vehicle may not locally store all information required for the decision of whether to use automated driving mode or not for each different environment. 
In addition, the comfort, quality of experience of the passenger or existence of potential human driver should be considered. If use of automated driving is granted only when the vehicle is connected to the V2X service in the cloud, sudden loss of connection may kick off pre-programmed emergency routine in the vehicle. In the worst case, the vehicle suddenly make a full stop or pull over, if enough time is not given for  human to take over the control of a vehicle. This impacts negatively human experience of automated driving. 

5.X.2
Assistance to automated driving

5.X.2.1
Service flows
Following is overall service flow where a human in a vehicle requests the vehicle to drive automatedly.

1.
VehicleA is a vehicle capable of supporting automated driving. VehicleA is manufactured by MFG_A and controlled by a V2X service using a V2X application. The V2X application can reside either in VehicleA and / or in the cloud of MFG_A. The V2X service of VehicleA is supported through MNO_A, which is an operator with which MFG_A has established a service contract. Knight is the owner of the VehicleA.

2.
Knight leaves his home in CityA and rides a vehicle called VehicleA. Knight requests VehicleA to go CityB and VehicleA forwards the request to the V2X application.

3.
The V2X application calculates and decides a route toward the destination. The V2X application queries MNO_A whether connections can be provided along the route. For a certain service, the V2X application also queries MNO_A whether a specific QoS can be supported along the route.

4.
Based on internal information for its core network and radio network coverage, MNO_A check whether the route is within its network coverage. MNO_A replies back to the V2X application regarding the area where connection can be provided, the area where connection cannot be provided, and supported QoS in case connection is provided. 

5.
The V2X application finalizes the decision regarding the route and the use of automated driving per road environment along the route. Based on the information in step 4, the V2X application may provide the VehicleA with the information regarding the use of automated driving per segment of the route.

6.
Based on information from the V2X application, VehicleA starts automated driving.

5.X.2.2
Potential Requirements
[PR.5.X.2-001] The 3GPP system shall be able to provide a standardized interface to enable exposure of the following services and capabilities to V2X applications, to support the V2X application to adjust its service offering:

-
[PR.5.X.2-001a]
The 3GPP system shall be able to support V2X applications to request information on whether connectivity can be provided in a certain geographical area.

-
[PR.5.X.2-001b]
The 3GPP system shall be able to provide V2X applications with information on whether connectivity can be provided in a certain geographical area.

-
[PR.5.X.2-001c]
The 3GPP system shall be able to support V2X applications to request information on whether specific QoS can be provided in a certain geographical area.

-
[PR.5.X.2-001d]
The 3GPP system shall be able to provide V2X application with information on whether the requested QoS can be provided in a certain geographical area.

5.X.4
Notification of updated information to support automated driving

5.X.4.1
Service flows
Following service flow can be applicable.

1.
When the V2X application requests information from MNO_A, it further indicates whether it wants to be notified if there are any changes in the previous provided information.

2.
When MNO_A sends response to the V2X application with the requested information, it keeps records of the delivered information. 

3.
MNO_A monitors whether there is any potential QoS change in the area where connectivity needs to be provided. Or, if the previous negotiated QoS cannot be guaranteed for a certain area due to radio resource congestion or failure of some NFs, this event can be also monitored.

4.
If there is a change compared to the previous response to the V2X application, MNO_A delivers new information to the V2X application.

5.
Based on new information, the V2X application checks whether there is a need to update information sent to VehicleA. 

In this service flow, to minimize impact to user experience, the potential change of QoS should be detected and notified in several second earlier, which can be determined from service requirements. 

5.X.4.2
Potential Requirements
[PR.5.X.4-001]
The 3GPP system shall be able to provide a standardized interface to enable the exposure of the following services and capabilities to V2X applications, to support V2X application to adjust its service offering: 

-
[PR.5.X.4-001a]
The 3GPP system shall be able to support V2X applications to subscribe to information on the availability or unavailabity of connectivity for a certain geographic area. 

-
[PR.5.X.4-001b]
The 3GPP system shall be able to provide V2X applications with updated information on the availability or unavailability of connectivity within a certain geographic area, at least a certain amount of time before when the actual change occurs.

-
[PR.5.X.4-001c]
The 3GPP system shall be able to support V2X applications to subscribe to information on the QoS which can be provided within a certain geographic area.

-
[PR.5.X.4-001d]
The 3GPP system shall be able to provide V2X applications with updated information on the QoS that can be provided within a certain geographic area, at least a certain amount of time before when the actual change occurs.
