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5.26.2
Adjustment of gaps for platooning 

5.26.2.1
Description
Following is a service flow in which the gaps within a platoon are adjusted:

1.
A logistics company called PTruckers owns lots of trucks and connects CityA and CityB with parcel delivery service. Due to several reasons, road transportation is the only way to connect CityA and CityB. To optimize the service, PTruckers starts to apply platooning application to its vehicles. While the depots of PTruckers are located within city center where there is good network coverage, there are areas with weak signal or areas outside of coverage along the road between CityA and CityB. 

2.
Three vehicles of PTruckers are scheduled to leave from the depot in CityA to the depot in CityB. One human driver rides on VTruck1, which is the leading vehicle. VTruck1 is followed by VTruck2 and VTruck3. VTruck1, VTruck2 and Vtruck3 belongs to the same platoon. 

3.
Platooning application checks the communication QoS (e.g. latency and reliability) among the vehicles. Because the currently available QoS are good enough and the available QoS for the next 10 km is expected to be similar, the application sets 0.1 second time gap between the vehicles. The vehicles starts to move

4.
As the platoon approaches the edge of the CityA, the platooning application is notified with updated forecast of QoS. According to the notification, starting from 10 seconds later, the available QoS for the next 100 km along the route is lower than the current level.  Because expected guaranteed latency is longer than the currently supported guaranteed latency, the platooning application decides to gradually increase the time gap between the vehicles from current 0.1 second to 0.5 second.

5.
As the platoon moves further away from the CityA, it will soon move out of any network coverage. With use of direct communication between the vehicles, the platooning application continues to work even when there is no network coverage. However, due to lack of centralized network control, the expected guaranteed latency and the reliability of communication is a little bit worse than when the platoon was in network coverage. This updated forecast information is delivered to the platooning application. Now, the application starts to increase further the inter-vehicle distance and relies more on information obtained through sensors.

5.26.2.2
Potential requirements

The following potential requirements are derived from this use case.

[PR.5.26.2-001]
The 3GPP system shall be able to provide V2X applications with supported QoS information, regardless of whether a UE related to the V2X application is in coverage of a 3GPP radio access network or not.

NOTE:
This requirement may not be applicable all scenarios. For example, when QoS information is generated in the 3GPP network and UE is out of coverage, V2X application cannot be provided with the QoS information.
[PR.5.26.2-002]
The 3GPP system shall be able to provide V2X applications with updated QoS, from the multiple QoS previously provided by the application, when the QoS changes.

[PR.5.26.2-003]
The 3GPP system shall be able to additionally provide V2X application with prediction on how long the QoS will be maintained, when the 3GPP system provides the V2X applications with supported QoS information.

[PR.5.26.2-004]
The 3GPP system shall be able to additionally provide V2X applications with prediction on geographical area where the QoS will be maintained, when the 3GPP system provides the V2X application with supported QoS information.

5.29
QoS Aspect for extended sensor

5.29.1 
Description

The extended sensor use cases are composed of sensor data collection to construct local dynamic map and the state map sharing, sensor data shared to extend sensor range, different all round video data shared for automatic drive. The 3GPP system will support different V2X applications on above use cases and following aspects need to be considered:

a) The V2X service provider may appoint key sensor data suppliers (Vehicles and RSUs) to construct collective situational awareness. The key sensors can be owned by the V2X service provider or have contracts with V2X service provider to provide more detail and specific sensor data for V2X service. Thus, the key sensors need more reliable and specific communication supporting. And the V2X service provider may adjust them while the vehicles are moving or the environment is changed.  

b) Based on the collected sensor data, the local dynamic map server continues to build the all around local dynamic map, the V2X service provider may provide different local dynamic map or extended sensor service for different user e.g. different data rate, different accuracy, different range, different update cycle etc. Thus, the communication service need to support different data rate, different reliability, different information deliver frequency etc.

c) Considering different computing capabilities, the vehicles and RSUs may share different sensor data type i.e.raw or processed sensor data, the sensor data type can be selected by V2X service provider and different latency\ data throughput\reliability should be adaptive to support different kind of sensor data types.  
5.29.1.1  
Pre-conditions 

Vehicle A, B, C have been installed sensors and V2X capability. The RSU X, Y have been installed camera, V2X capability and locate in the traffic intersections of downtown.

VehicleA, B, C are installed the V2X application “MAPS for V” which belongs to map company MAPS to collect sensor data and receive LDM (Local Dynamic Map). VehicleA has a contract with the map company MAPS to get realtime higher accuracy local dynamic map to support its automatic drive mode.Vehicle B and Vehicle C are normal cars and subscribe free map service from MAPS.

The RSUX, Y belong to Road company ZROAD and have a contract with MAPS to provide traffic information to MAPS through the V2X application “MAPS for I” which belong to MAPS and is installed in the RSUs.

The company MAPS has a contract with communication Operator X:

· Operator X supplies higher level communication and computing service for MAPS which may be in cloud or the local data center. 

· Operator X supplies higher level communication service to MAPS user who is chosen by MAPS. 

Vehicle A, B and C, RSU X, Y are normal users of Operator X. 
5.29.1.2
Service Flow
1.
Vehicle A, B, C begin driving in different roads in downtown. The application “MAPS for V” in these vehicles are opened and begin to collect sensor data around the vehicles. The “MAPS for I” in the RSUs are working all the time to collect vehicles sensor data and traffic information then delivers them to LDM server which may locate in a local data center or in the Operator X’s cloud.

2.  Considering RSU X location and Vehicle A, B locations and trajectorys, they are chosen as the key sensor data suppliers for downtown LDM construction. This chosen information is notified to Operator X and the specific higher throughput and low latency, reliability communication services for chosen RSU X, Vehicle A, Vehicle B to report their sensor data are also required.

3.  Operator X supplies required communication service for RSU X, Vehicle A, Vehicle B while others are supplied with normal communication service. LDM server continues to build LDM for downtown. 

4.  When delivering the LDM to Vehicle A, LDM Server asks Operator X to provide higher performance communication service to Vehicle A to support specific higher accuracy LDM for it. While other Vehicles in the area receive normal LDM.

5. When Vehicle B leaves downtown, it is no longer the key sensor supplier for downtown LDM construction. This information is notified to Operator X and from now on, the communication service for collected sensor data from Vehicle B is resumed to normal.

6. When Vehicle C is chosen as the key sensor data supplier for downtown LDM construction, the computing capability in Vehicle C can support it to share processed sensor data which does not need high throughput communication service. Considering LDM server demand and Operator X network status, the processed sensor data type is selected which need higher reliability, lower latency and middle throughput.

5.29.1.3
Post-conditions

RSU X, Y can collect sensor data and deliver required whole situational awareness information to LDM server.

Vehicle A, B, C can deliver their sensor data in time and receive the downtown LDM according to the contract with MAPS.
The map company can choose key sensor data supplier and construct LDM, then provide different class map services to users.

The Operator X can provide different communication service on demand for V2X extended sensor use cases.
5.29.2 
Potential Requirements

[PR.5.29.2-001] The 3GPP system shall be able to expose the following services and capabilities to V2X applications, to support the V2X application offering:

-
[PR.5.29.2-001a]      The 3GPP system shall be able to support V2X applications to dynamically request specific quality of service of communication services and to dynamically request revocation of previous quality of service of communication services.

-     [PR.5.29.2-001b]      The 3GPP system shall be able to provide required quality of service to communication services on demand for different V2X applications. 

5.30
Different QoS estimation for different V2X applications

5.30.1 
Description

QoS estimation will help V2X applications e.g. automation driving, intelligent traffic system, to get the communication system connection capability in advance which is very important for them to compute and adjust in advance to right working mode to guarantee safety and service availability.

Different V2X application may need different QoS estimation content and accuracy. The more the content and the higher the accuracy, it costs more resource for QoS estimation function. And superfluous QoS estimation in one hand is not useful to V2X application, on the other hand it may impact other capabilities from whole system aspect because more collected information, more computing resources, more store resources are needed.

So, it is proposed to provide different QoS estimation information for different V2X applications.

5.30.1.1  
Pre-conditions 

Vehicle A is a vehicle capable of supporting automated driving. It belongs to taxi company TT and is controlled by a V2X application of TT. The V2X application can reside either in Vehicle A and / or in the cloud of TT. Vehicles A can get communication service from the 3GPP system of Operator X which has a platinum level contract with TT to provide higher level QoS estimation e.g. support whole scenarios whole daytime of connection capability estimation with higher accuracy and more time advance value. 

Vehicle B is one vehicle capable of supporting automated driving. It belongs to logistic company LL and is controlled by a V2X application of LL. The V2X application can reside either in Vehicle B and / or in the cloud of LL. Vehicles B also can get communication service from the 3GPP system of Operator X which has a golden level contract with LL to provide specific scenarios QoS estimation e.g. in highway scenario with whole daytime, in city scenario with specific time window.
5.30.1.2
Service Flow
1.
Vehicle A and Vehicle B both can achieve communication service from Operator X according to different contracts with their owners.

2.   Vehicle A has an order from Hotel A to the airport beginning with 12:00am. 

2.1The V2X application in Vehicle A subscribes to QoS estimation of the 3GPP system, and sends a estimation request with related supporting information asking whether it can provide specific QoS (e.g. data rate, latency, jitter, reliability) of communication service which is needed by its automation driving mode along  planned vehicle route with associated timestamps from 12:00am. 

2.2. The 3GPP system negotiates with the V2X application the parameters and mutual capabilities for estimation and evaluates and responds that it can predict that the required communication service for Vehicle A is going to be supplied during 12:00am~12:15am with associated a certain accuracy or probability and followed QoS estimation information (e.g. data rate, latency, jitter, reliability) will be delivered to Vehicle A for future area before 1.5km~10km distance in advance. 

2.3. Vehicle A receives the estimation report and decides to enter automation driving mode. It picks passenger in Hotel A on time. During the journey to the airport, the QoS estimation information (e.g. data rate, latency, jitter, reliability) of the communication service for future area e.g. 1.5km~10km distance is continually delivered to the V2X application in Vehicle A.

2.4 Vehicle A may timely adjust its drive mode or automation level considering the QoS estimation information.

2.5 When Vehicle A arrives in airport, the application terminates the subscription to QoS estimation.

3. Vehicle B has a goods transportation task from city A to city B begin with 12:00am. Some of the road in the trajectory is city normal road and some is highway. The application in Vehicle B configures which QoS estimation information it need in different road when the QoS estimation is started.

3.1 The V2X application in Vehicle B subscribes to QoS estimation of the 3GPP system, and sends a estimation request with related supporting information asking whether it can provide specific QoS (e.g. latency, reliability) of communication service which is needed by its automation driving mode along the vehicle route with associated timestamps from city A to city B from 12:00am. 

3.2 The 3GPP system negotiates with the V2X application the parameters and mutual capabilities for estimation and evaluates and responses that the required QoS with associated a certain accuracy or probability for communication service for Vehicle B can not be supplied from 12:00am in city road but in highway, it can be supplied. 

3.3 Vehicle B receives the estimation response and decides not to enter automation driving mode. The journey is started, in the city road, Vehicle B is driven by Pilot and the QoS estimation (e.g. latency, reliability) of the communication service for future area e.g. from 1.5km~3km distance is continually delivered to the V2X application in Vehicle B. Before entering highway, the latest QoS estimation responses that the required QoS for automation driving is supported with a certain accuracy or probability, the Vehicle B adjust the driving mode to automation driving.

3.4 When Vehicle B arrives in destination, the application terminates the subscription to QoS estimation.

5.30.1.3
Post-conditions

V2X application in vehicle A can receive timely QoS estimation information with associated accuracy or probability, so vehicle A can adjust its driving mode or automation level more safely and flexibly.

V2X application in vehicle B can receive QoS estimation required in advance in highway, so vehicle B can adjust its driving mode or automation level when it is in highway.  

5.30.2 
Potential Requirements

[PR.5.30.2-001] The 3GPP system shall be able to expose the following services and capabilities to V2X applications, to support the V2X application to adjust its service offering:

-
[PR.5.30.2-001a] The 3GPP system shall be able to provide different quality of service estimation information needed by different V2X applications. 

-    [PR.5.30.2-001b] The 3GPP system shall be able to support V2X applications to configure and negotiate quality of service estimation information and related supporting information to be provided by the V2X applications.

-
[PR.5.30.2-001c] The 3GPP system shall be able to support V2X applications to request quality of service estimation information and to provide related supporting information to the 3GPP system.

-
[PR.5.30.2-001d]  The 3GPP system shall be able to provide V2X applications with quality of service estimation information with associated accuracy and/or probability according to the application’s configuration and request.

-
[PR.5.30.2-001e]  The 3GPP system shall be able to support V2X applications to subscribe to quality of service estimation information, and to terminate the subscription to quality of service estimation information.
7.2.6
Requirements for vehicle quality of service support
[CPR.Q-001]
The 3GPP system shall be able to provide V2X applications with estimated quality of service information, regardless of whether a UE related to the V2X application is in coverage of a 3GPP radio access network or not.

NOTE 1:
This requirement may not be applicable all scenarios. For example, when quality of service information is generated in the 3GPP network and UE is out of coverage, V2X application cannot be provided with the quality of service information.

[CPR.Q-002]
The 3GPP system shall be able to support efficient and secure mechanism to gather information (e.g. location information, reliability information, timing information, latency information, velocity information and so on.), which enables 3GPP system to support V2X application to adjust its service offering.

NOTE 2:
It is FFS whether Minimization of Driving Test can support this requirement in consideration of the various velocity of vehicular environment.

[CPR.Q-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

[CPR.Q-004]
The 3GPP system shall be able to support continuity of reporting estimated quality of service for a UE even when the PLMN serving the UE changes.

[CPR.Q-005]
The 3GPP system shall be able to provide mechanisms to support the estimation of potential quality of service for a certain time period and a certain geographical location, with negotiated accuracy level to support V2X applications to adjust their service offerings.

[CPR.Q-006]
The 3GPP system shall be able to provide mechanisms to support the provision of potential quality of service at a certain time period and a certain geographical location after informing the V2X applications with the quality of service information, the time period and the geographical location.

[CPR.Q-007]
The 3GPP Core Network shall be able to provide a V2X application with recommendation of quality of service parameters that can be provisioned for connectivity services for a certain geographic area and a certain time.

[CPR.Q-008]
The 3GPP network shall be able to negotiate alternative quality of service with the V2X application.

[CPR.Q-009]
The 3GPP system shall be able to authenticate and authorize V2X application for accessing exposed services and capabilities of the 3GPP system to enable V2X application to adjust its service offering, based on gathered information.

[CPR.Q-010]
The 3GPP system shall be able to provide authorized information to V2X application.

[CPR.Q-011]
The 3GPP system shall be able to support V2X applications to request information on whether connectivity with specific quality of service can be provided in a certain geographical area and at a certain time

[CPR.Q-012]
The 3GPP Core Network shall be able to support a V2X application to request reliable provision of connectivity with specific quality of service parameter for a certain geographic area and time.

[CPR.Q-013]
The 3GPP system shall be able to provide V2X application with estimation on time and geographical information where the quality of service will be provided, when the 3GPP system provides the V2X applications with supported quality of service information.

[CPR.Q-014]
The 3GPP system shall be able to provide V2X applications with information on whether requested connectivity with a certain quality of service can be provided in a certain geographical area at a certain time.

[CPR.Q-015]
The 3GPP system shall be able to provide a standardized interface to V2X application, to support the V2X application to adjust its service offering.

[CPR.Q-016]
The 3GPP Core Network shall be able to provide a V2X application with response on whether the request on reliable provision of connectivity service with specific quality of service parameter for a certain geographic area and a certain time is accepted or not.

[CPR.Q-017]
The 3GPP system shall be able to notify V2X applications with updated estimation on the availability or unavailability of quality of service that can be provided within a certain geographic area, at least a certain amount of time before when the actual change occurs.

[CPR.Q-018]
The 3GPP network shall notify a V2X application that the current quality of service of a UE’s ongoing communication might change indicating the specific period of time and/or geographical area it applies.

[CPR.Q-019]
The 3GPP system shall be able to provide V2X applications with updated quality of service information within the list of quality of service previously provided by the V2X application, when the quality of service of the UE’s ongoing communication changes.

[CPR.Q-020]
The 3GPP system shall be able to provide V2X applications with updated estimation on the quality of service that can be provided within a certain geographic area, at least a certain amount of time before when the actual change of quality of service occurs e.g. due to change of network condition or radio condition.

[CPR.Q-021]
The 3GPP network shall be able to notify a V2X application when it estimates that the quality of service of a UE’s ongoing communication might need to be downgraded compared to the currently agreed quality of service e.g. due to expected bad network conditions, change of radio technology, radio congestion.

[CPR.Q-022]
The 3GPP network shall be able to notify a V2X application when it estimates that the quality of service can be upgraded compared to the currently agreed quality of service of a UE’s ongoing communication e.g. due to expected improved network conditions, change of radio technology, less cell occupation.

