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5.X
QoS aspect of advanced driving
5.X.5
Support for adjustment and big data transport
5.X.5.1
Service flows
For MNO to have capability to support V2X services to adjust their functions based on the change of QoS, the information gathering and analysis of the gathered information is needed. Following service flow can be applicable.
1.
VehicleA is able to calculate its current location. VehicleA is also able to keep records of the connectivity-related parameters and performances. For example, VehicleA logs when data packet transmission/reception occurs and identification information for the data packets, along with location information.
2.
Radio access network and/or core network is also able to keep records of the connectivity-related parameters, performances and events. 

3.
VehicleA starts journey and it is configured by MNO_A to log transmission/reception events and related time and location information. In addition, the network is also configured to log similarly.

4.
During the journey, due to some reason, VehicleA disengages automated driving.

5.
VehicleA arrives at the destination. VehicleA reports to V2X application with information related to disengagement of automated driving.

6.
Manufacturer MFG_A receives similar event reports from other vehicles of specific vehicle segments. To fully analyse the event, MFG_A requests MNO_A’s assistance.

7.
MNO_A calculates the time and location relevant for the MFG_A’s request. Based on the calculation, MNO_A requests VehicleA to upload relevant log information. Due to information sharing restriction, the log information is not directly shared to MFG_A. After internal processing, and based on service agreement and regulation, processed information is shared to MFG_A by MNO_A.
5.X.5.2
Potential Requirements
[PR.5.X.5-001]
The 3GPP system shall be able to support efficient and secure mechanism to gather information (e.g. location information, reliablity information, timing information, latency information, velocity information and so on.), which enables 3GPP system to support V2X application to adjust its service offering.

NOTE: It is FFS whether Mimization of Driving Test can support this requirement in consideration of the various velocity of vehicular environment. 

[PR.5.X.5-002]
Based on service agreement and operator policy, the 3GPP system shall be able to provide authorized V2X application with information enabling V2X application to adjust its service offering, based on gathered information.

[PR.5.X.5-003]
The 3GPP system shall be able to minimize impact to system performance, while supporting a mechanism to gather information, which enables 3GPP system to support V2X application to adjust its service offering.
5.X.7
Reliable and guaranteed connectivity service
5.X.7.1
Service flows
Life-cycle of vehicles is longer than that of general consumer electronics devices such as smartphone. Due to long life-cycle, people performs periodic maintenance measures for various components of their vehicles. But, due to regulation and/or certification, some components such as computing unit in the vehicle cannot be replaced and upgraded. In this case, the vehicle with limited processing capacity cannot handle advanced algorithm in real-time or the information gathered by sensors cannot be fully interpreted by the vehicle alone. To assist the vehicle, one option is to use edge-computing so that sensor data from the vehicle is uploaded to edge-computing environment and processing result is sent back to the vehicle. 

In the above scenario, reliable connectivity between the vehicle and the edge computing environment is critical. When the connectivity between the vehicle and the edge computing environment cannot be sustained, automated driving should be disengaged. But this transition cannot be done immediately. For example, in worst case where the driver falls asleep during the high level of automated driving, it will takes several seconds for the driver to wake up and to grip the driving wheel.

Thus, connectivity service needs to be guaranteed in terms of time, depending on the characteristics of the impacted V2X service. This is in turn related to how much earlier the change in QoS needs to be notified in advance. For example, if a vehicle is designed to switch off automated driving mode for a QoS degradation and if a driver needs at least 10 seconds to prepare manual-driving, the V2X service should be notified at least 10 seconds before the potential change in the supported QoS of connectivity. And from the time when the notification is made and to time when the actual change in the QoS occurs, the pre-negotiated QoS should be maintained.

Following is a service flow for guaranteed service provision.
1.
Manufacturer MFG_A configures the functionality of VehicleA and the V2X application to support automated driving function. While raw data from the sensors installed in the VehicleA is good enough, the processing unit in the VehicleA is not enough to handle state-of-the-are software processing. Thus, when higher level of automated driving is used, the vehicle is configured to deliver sensor data to V2X application, the V2X application processes the sensor data, and the driving command is sent back to VehicleA.
2.
The current location information and the destination information is sent from VehicleA to the V2X application. Based on service requirement of the V2X application, V2X application queries MNO_A whether required QoS can be provided over next 10 seconds for the planned road segment over which the VehicleA will drive.

3.
Based on the information provided by the V2X application and internal information, MNO_A checks and estimates whether the requested QoS can be provided for the calculated route for the next 10 seconds. 

4.
If it is estimated that the QoS can be supported for the next 10 seconds, the MNO_A responds to the V2X application that the QoS is guaranteed for the next 10 seconds. After sending response, the radio network and the core network will take necessary measures to provide the negotiated QoS for that 10 seconds. For example, because safety-issue is involved, the resource used for the connectivity between VehicleA and the V2X application is prioritized or can be reserved in the relevant nodes. Network maintenance or rebooting  should be avoided for that period. 
5.X.7.2
Potential Requirements
[PR.5.X.7-001]
The 3GPP system shall be able to provide mechanisms to support the estimation of potential QoS for a certain time period and a certain geographical location, with negotiated accuracy level to support V2X applications to adjust their service offerings.
[PR.5.X.7-002]
The 3GPP system shall be able to provide mechanisms to support the provision of potential QoS at a certain time period and a certain geographical location after informing the V2X applications with the QoS information, the time period and and the geographical location.
