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1.	Proposal

[bookmark: _Hlk526506777]This is a proposal to resolve the Key Issue #15: Enhancements to assist Application Adjustment.
This solution assumes there is a need by V2X AS and the Application in the UE to know in advance of the UE moving to a certain area whether in that area it is likely or not, or whether it is assured or not, that a certain QoS level can be sustained. This provides a high degree of confidence a certain QoS level can be met, but not a 100% guarantee as the wireless link can be subject to local issues that are not predictable. If there is no guarantee, or a guarantee of a low level of QoS or a low assurance, the Application layer adapts. Optionally, the PLMN may indicate the degree of confidence also of its assessment.
The solution allows different degrees of inspection of network resources…. If there is a high degree of confidence that in certain areas there will be sufficient resources based on centralised information, it is not necessary to retrieve information from the affected RAN nodes. If however the centralised status information is not providing such confidence, the retrieval of information from affected RAN nodes is also enabled.
The PLMN provides a booked resource token which the application can provide the UE so the UE can request the QoS when it comes to the desired node. The UE context contains the token so it releases the prebooked resources with matching token when the UE moves to the next RAN node. Otherwise the token will stop being valid on its own, outside the validity time window.

The basic principles of this solution, for the case where a firm commitment is needed, are the following:

1) The UE, while determining a path for the vehicle, it would invoke the assistance of the V2X application layer to request the network to perform a booking (i.e. logging of future demand on network resources within a specific time window in affected RAN nodes –  note: this is not static reservation from the time the the response for the UE is given) of resources along the path or sections of the path option selected by the UE. The network then provides the V2X app with a confirmation the required resources are expected to be available. The request may be for multiple levels of QoS in one time if the application could operate at multiple QoS levels. If multiple request levels are tested the availability of each is specified in the confirmation to the UE.
2) The booking is based on estimate of the arrival time in a coverage area. The PLMN may also include assessment of whether coverage is likely to be poor or not available along the path.
3) If the PLMN provides feedback that the required QoS is not available, the application may adapt based on this along the path.
4) Once the application accepts a level or levels of made available QoS by the network along the path, the UE and network commit with one another and the UE and/or the V2X app may get a token to access the committed/booked resources along the path (e.g. the token, like a booking number, is provided at service request by the UE in both NAS and RRC layers or passed in the UE context).
5) The network will manage QoS allocation in the system, so resources committed are made available when the UE arrives at the expected location.
6) The resources booking and time window may be updated based on the UE updating the V2X app and the V2X app updating the system on the UE progress along the path, and varying network conditions. 
7) The network, with a sufficiently large lead time, may at any warn the vehicle some committed resources may not be any longer available if this becomes strictly necessary, or better QoS is available than anticipates so the UE may trigger corrective actions if needed (e.g. negotiate a lower QoS and/or change path). If this update happens the UE may accept committing to the new proposed QoS along the path. Note the update may also include improvements of available QoS, not only worsening conditions.

The information exchanged by UE and V2X app may be discussed but can be largely out of the scope of 3GPP. The V2X app though shall pass to the network time windows and path information and QoS levels required and updates thereof. The network provides to the V2X application and the UE (perhaps mediated by the application) a token to enable access to the resources. The token is stored in the UE context in the RAN and in the CN.

Tokens have a validity time and need to be renewed before they expire so the UE and application need to maintain tokens before the expiration time. i.e. if the UE does not arrive at a time that was expected the UE has to update the network, so the network can create new state/assessment of QoS availability.



***********************PROPOSED TEXT********************************

6.x	Solution #x: Path-based QoS booking for Application Adjustment
[bookmark: _Toc523243510]6.x.1	Functional Description
This is a proposal to resolve the Key Issue #15: Enhancements to assist Application Adjustment.
This solution assumes there is a need by V2X AS and the Application in the UE to know in advance of the UE moving to a certain area whether in that area it is likely or not, or whether it is assured or not, that a certain QoS level can be sustained. This provides a high degree of confidence a certain QoS level can be met, but not a 100% guarantee as the wireless link can be subject to local issues that are not predictable. If there is no guarantee, or a guarantee of a low level of QoS or a low assurance, the Application layer adapts. Optionally, the PLMN may indicate the degree of confidence also of its assessment.
The solution allows different degrees of inspection of network resources. If there is a high degree of confidence that in certain areas there will be sufficient resources based on centralised information, it is not necessary to retrieve information from the affected RAN nodes. If, however the centralised status information is not providing such confidence, the retrieval of information from affected RAN nodes is also enabled.
Eventually, if the application layer requires firm commitments, the PLMN provides a booked resource token which the application can provide the UE so the UE can request the QoS when it comes to the desired node. The UE context contains the token so it releases the prebooked resources with matching token when the UE moves to the next RAN node. Otherwise the token will stop being valid on its own outside the validity time window.

The basic principles of this solution are the following:

1) The UE, while determining a path for the vehicle, it would invoke the assistance of the V2X application layer to request the network to perform a booking of resources (i.e. logging of future demand on network resources within a specific time window in affected RAN nodes – note: this is not static reservation from the time the response is given for a UE) along the path or sections of the path option selected by the UE. The network then provides the V2X app with a confirmation the required resources are expected to be available. The request may be for multiple levels of QoS in one time if the application could operate at multiple QoS levels. If multiple request levels are tested the availability of each is specified in the confirmation to the UE.
2) The booking is based on estimate of the arrival time in a coverage area. The PLMN may also include assessment of whether coverage is likely to be poor or not available along the path.
3) If the PLMN provides feedback that the required QoS is not available, the application may adapt based on this along the path.
4) Once the application accepts a level or levels of made available QoS by the network along the path, the UE and network commit with one another and the UE and/or the V2X app may get a token to access the committed/booked resources along the path (e.g. the token, like a booking number, is provided at service request by the UE in both NAS and RRC layers or passed in the UE context).
5) The network will manage QoS allocation in the system, so resources committed are made available when the UE arrives at the expected location. The resources a network books can be allocated only to preemptable services, which have lower priority for the operator. 
6) The resources booking and time window may be updated based on the UE updating the V2X app and the V2X app updating the system on the UE progress along the path, and varying network conditions. 
7) The network, with a sufficiently large lead time, may at any warn the vehicle some committed resources may not be any longer available if this becomes strictly necessary, so the UE may trigger corrective actions if needed (e.g. negotiate a lower QoS and/or change path). If this update happens the Ue may accept committing to the new proposed QoS along the path. Note the update may also include improvements of available QoS, not only worsening conditions.
8) The UE passes the token to the PLMN when a PDU session is supposed to access the resources that have been booked. The PLMN verifies the UE is authorised to use the token for the PDU session by interacting with the V2X AS (Application Server). The V2X AS keeps a mapping between the GPSI and the token at application layer.
9) The UE in the RAN includes the token so the resources matching with the token are released in the pool of available resources once the UE has moved to the next RAN node.

The information exchanged by UE and V2X app may be discussed but can be largely out of the scope of 3GPP. The V2X app though shall pass to the network time windows and path information and QoS levels required and updates thereof. The network provides to the V2X application and the UE (perhaps mediated by the application) a token to enable access to the resources. The token is stored in the UE context in the RAN and in the CN.

Tokens have a validity time and need to be renewed before they expire so the UE and application need to maintain tokens before the expiration time i.e. if the UE does not arrive at a time that was expected the UE has to update the network, so the network can create new state state/assessment of QoS availability.

6.x.2	Procedures
6.x.2.1	V2X application Requested Booking 



6.x.2.1-1: outline of the application driven path resources booking procedure
1.	The UE and V2X app have exchanged information on path, path start time, QoS requirements. This may also be due to a continuous update (e.g. after a previous booking path or timeline has changed).
2.	The CN receives a Booking request including a path descriptor (i.e. a suitable way to represent the path and the time the Ue is at certain locations), Qos level(s) required
3.	The CN proceeds to a tentative booking of resources along the path. See clause 6.x.2.3 for more details. 
4. 	The CN provides the V2X AS with the outcome of booking request as an offer. This may include no offer of QoS.
5.	The V2X app provides the outcome to the UE at application layer as an offer. This may include no offer of QoS. If the UE receives no offer, then the UE assumes no suitable QoS level is available along the path and adapts any application that requires the level of QoS that was requested to assume none is available. Otherwise it selects the desired offered QoS level and proceeds to accept one level of QoS.
6.	The UE accepts a level of QoS along the path.
7.	The V2X application accepts a level of QoS along the path and provides this acceptance to the CN.
8. 	The CN and RAN nodes commit to the desired QoS level and a token is assigned with a specific lifetime. This is stored in the RAN nodes along the path. See clause 6.x.2.3.
9. 	The CN commits the QoS along the path and provide the token to the V2X AS.
10.	The V2X AS passes the token to the UE.

6.x.2.2	Network Initiated Booking Update 


6.x.2.2-1: outline of the application driven path resources booking procedure
1.	The system determines a change to an existing booking is needed or possible. This may be triggered by NDWAF which then drives a booking step as in clause 6.x.2.3.
2.	The CN provides an update to a booking with an existing TOKEN as a reference.
3.	The V2X AS provides the update to the UE.
4.	The UE chooses the QoS level it requires and accepts it 
5. 	The V2X AS accepts towards the CN. 
6. 	The CN and RAN nodes involved commit the booking and potentially issue a new validity time for the booking, using steps 10-13 as in clause 6.x.2.3.
7.	The CN commits the booking.
8. 	The V2X AS provides the token with validity time to the UE indicating it is committed.
6.x.2.3	Details of system interactions for resources booking 
This clause provides details of the system functions interactions of the steps described above.


6.x.2.3-1: System details of the resources booking procedure
1	The V2X AS requests certain QoS Level(s) over a certain path (e.g. identified by coordinates and the time and a time window over which a certain QoS level or levels are requested to be provided at each coordinate in the path). The granularity of path description and the way to describe the path is a SLA based parameter and outside the scope of this solution. The path length can be chosen to fit the needs of the specific application and it should be sufficient for safe operation within a certain time window (i.e. it needs not be end-to-end path the UE needs to reach the final destination, which may be quite extensive).
2.	The NEF relays the request to NWDAF which determines a list of cell IDs and related TAIs that support the path. The NWDAF performs a preliminary assessment of the availability of resources that may be based on a centralized view of the status of the RAN along the path. The NWDAF may also assess whether there is high likelihood QoS cannot be guaranteed (e.g the NWDAF knows there is patchy coverage along the path)
3.	The NDWAF provides the NEF with a list of cell IDs and TAIs and the QoS level(s) that it estimates could be available. 
If none is available the NEF immediately ends the transaction by reporting at step 8 that non QoS is offered. 
If there is at NWDAF high confidence level the QoS is available, the NWDAF reports that to NEF and the steps 4-7 are skipped and the procedures continues from step 8. 
Otherwise steps 4-7 are executed.
4-7. The NEF distributes a booking request with a token to identify the request to AMF(s) that are capable to reach the relevant cell IDs that map to the received coordinates.  Note this does not assume that these will become serving AMFs., i.e. these AMFs will not keep state for the UE/token. The AMF(s) then relays the booking request to relevant NG-RAN nodes to determine whether the desired QoS level is available. If so, each RAN node provides a response with indication of which QoS level(s) can be offered to the AMF and the AMF responds to the NEF that summarises the outcome for the V2X AS. The RAN nodes, if steps 4-7 are executed, keep the resources booked for the relevant time window for a time bounded by a guard timer that implies a commit is received from the AMF. If no commit is received the booking is released. 
8-14. The V2X AS accepts a certain QoS level. The NEF passes on the acceptance to the affected RAN nodes. 
The NEF subscribes with NWDAF to obtain information whether a certain QoS level is likely to be available. This may trigger the NEF to attempt a booking executing steps 4-7 or by directly going step 8 to offer a new QoS level. The AMF also reports to NEF any notification control the RAN may provide to update on the booking status (e.g. the notification control is augmented to report about likelihood existing bookings can no longer be fulfilled or some dedicated procedure TBD). This may trigger a new transaction to provide a new offered QoS.
6.x.2.4	Impact on other procedures
The UE shall include the booking token in a service request at both AS and NAS layers. This is checked against the UE context for validation when received from CN in the RAN. This booking token is sufficient to indicate the reserved resources in the system. 
The booking token is included in the UE context in the AS and NAS layer contexts to identify the tokens the UE is authorised to use. The Authorisation is given by the PCF as described in bullet 8 in clause 6.x.1. The UE provides the token when a QoS flow is established to access the booked resources and the authorisation of the token is recorded by the AMF when it executes these services:
· Nsmf_PDUSession_CreateSMContext
· Nsmf_PDUSession_UpdateSMContext
Other subscription services can also be used to get notifications of revocations or update of validity of tokens from NEF (details would be part of normative work)

6.x.3	Impact on existing entities and interfaces
This solution impacts the:
NEF: handling of the V2X AS interaction
NWDAF: handling of QoS evaluations on a path and resolution of path to cell IDs
AMF: interaction with SMF, NEF and the NG-RAN for token management
PCF: handling of tokens
NG-RAN: handling of booking and update of status with NWDAF with status of resources allocated to V2X. Handling of tokens
V2X AS: handling of tokens and QoS bookings along the path, mutual updates between V2X AS and UE side of the applications.
UE: support of the feature as documented above (token handling, Application layer interactions).
6.x.4	Topics for further study
Editor's note: This clause describes topics for further study.6.x.5	Conclusions
This solution assumes that there is a need to forecast demand on network resources along a path. The degree of accuracy of such forecasts, and the need to then guarantee certain levels of forecasted to be available QoS along a path, will determine whether a fine grain assurance (by checking individual RAN nodes) or coarser one (by just checking the NWDAF) is needed, as described in this solution. 
It is proposed that the decision to proceed with the fine grain assessment of resources availability in this solution should be based on explicit requirement that the network needs to be able to estimate and deliver certain levels of QoS can be provided along a path with a high degree of acuracy. This requires SA2 to gain such understanding based on interaction with verticals that are expected customers of the V2X solution.

***********************END of PROPOSED TEXT***************************
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