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Abstract: This contribution proposes a solution of Key Issue #9 whether and how XR related network capability/information exposure towards the application layer needs to be enhanced in TR 23.700-070.
1. Introduction

In TR 23.700-070, Key Issue #9 “Whether and how XR related network capability/information exposure towards the application layer needs to be enhanced.” was agreed during SA2#160AH-e. The paper proposed a solution to KI#9.
The PDU set parameters (i.e. PSDB, PSER and PSIHI) have been introduced into the QoS profiles in R18. When the Alternative QoS Parameter Set(s) are containted in the PCC rules, which enhanced to support the PDU set QoS based handling, AQP sets can be comprised of the following individual parameters: Packet Delay Budget, Packet Error Rate, Packet Set Delay Budget, Packet Set Error Rate, PSIHI, UL-guaranteed bitrate, DL-guaranteed bitrate, Averaging window, Maximum Data Burst Volume. The SMF will provide their attributes as Alternative QoS Profile(s) in the prioritized order in addition to the QoS parameters for the QoS Flow as described in TR 23.700-070 (e.g. Sol#6 and Sol#7)
The QoS Notification Control indicates whether notifications are requested from the NG-RAN when the target QoS can no longer (or can again) be guaranteed for the GBR QoS Flow. The SMF will enable Notification control when the QoS Notification Control parameter is set in the PCC rule (received from the PCF) that is bound to the QoS Flow. The Notification control parameter is signalled to the NG-RAN as part of the QoS profile.

The AF may subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow. Then the AF may trigger the QoS adaptation based on the notification if applicable.
It is proposed to support the exposure of QoS Notification Control for the QoS adaptation when enhanced Alternative QoS Profiles for PDU set based QoS handling.
There are two options can be used for the exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters:
Option1: Exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters same as the legacy QNC mechanism:
· If the AF subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow, the PCF enables PDU set QoS Notification Control and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF. The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced Alternative QoS Profile(s) to the NG-RAN, when the PCC rule contains Alternative PDU set QoS Parameter Sets.

· The NG-RAN sends a notification to the SMF when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the SMF may inform the PCF and indicate the currently fulfilled situation to the PCF. 
· The PCF will report to AF triggered by the event “QoS targets can no longer (or can again) be fulfilled”. Based on the notification received, the PCF will exposure to the AF the QoS Reference parameter or the Requested Alternative QoS Parameter Set which corresponds to the Alternative QoS parameter set referenced by the SMF. Otherwise, the PCF will indicate to the AF that the lowest priority QoS Reference or the lowest priority set of Requested Alternative QoS Parameters of the Alternative Service Requirements cannot be fulfilled if the SMF has indicated that the lowest priority Alternative QoS parameter set cannot be fulfilled.

Option2: Exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters same via the UPF:

· If the AF subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow and indicate to notify the QNC and AQP via UPF, the PCF enables PDU set QoS Notification Control and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF, together with the notify indication. The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced Alternative QoS Profile(s) to the NG-RAN, and sends the notify indication to NG-RAN for the QNC report and exposure via UPF.
· The NG-RAN sends a notification to the UPF (in the header of the UL data, or UL dummy packets for reporting) when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the UPF triggers the Nupf_EventExposure_Notify message to report the QNC and reference to AQP fulfilled currently to the AF/AS directly or via NEF. The UPF may inform the SMF and PCF to indicate the currently fulfilled situation for the QoS alignment, if indicated.
Whether the Option 1 or Option 2 selected is an operator policy option. Both Options as above for the exposure are proposed. 
2. Proposal

It is proposed to capture the following changes to TR 23.700-070.

* * * * First change * * * * all new text
6.X
Solution #X: Exposure of QNC and AQP with PDU Set QoS Parameters
6.X.1
Key Issue mapping

This solution addresses KI#9: whether and how XR related network capability/information exposure towards the application layer needs to be enhanced. 
6.X.2
Description
The proposed solution highlights:
It is support that the exposure of QoS Notification Control for the QoS adaptation when enhanced Alternative QoS Profiles for PDU set based QoS handling.
There are two options can be used for the exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters:

Option1: Exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters same as the legacy QNC mechanism:
· If the AF subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow, the PCF enables PDU set QoS Notification Control and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF. The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced Alternative QoS Profile(s) to the NG-RAN, when the PCC rule contains Alternative PDU set QoS Parameter Sets.

· The NG-RAN sends a notification to the SMF when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the SMF may inform the PCF and indicate the currently fulfilled situation to the PCF. 
· The PCF will report to AF triggered by the event “QoS targets can no longer (or can again) be fulfilled”. Based on the notification received, the PCF will exposure to the AF the QoS Reference parameter or the Requested Alternative QoS Parameter Set which corresponds to the Alternative QoS parameter set referenced by the SMF. Otherwise, the PCF will indicate to the AF that the lowest priority QoS Reference or the lowest priority set of Requested Alternative QoS Parameters of the Alternative Service Requirements cannot be fulfilled if the SMF has indicated that the lowest priority Alternative QoS parameter set cannot be fulfilled.

Option2: Exposure of QoS Notification Control and the AQP with PDU Set QoS Parameters same via the UPF:

· If the AF subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow and indicate to notify the QNC and AQP via UPF, the PCF enables PDU set QoS Notification Control and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF, together with the notify indication. The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced Alternative QoS Profile(s) to the NG-RAN, and sends the notify indication to NG-RAN for the QNC report and exposure via UPF.
· The NG-RAN sends a notification to the UPF (in the header of the UL data, or UL dummy packets for reporting) when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the UPF triggers the Nupf_EventExposure_Notify message to report the QNC and reference to AQP fulfilled currently to the AF/AS directly or via NEF. The UPF may inform the SMF and PCF to indicate the currently fulfilled situation for the QoS alignment, if indicated.
NOTE:
Whether the Option 1 or Option 2 selected is an operator policy option.
6.X.3
Procedures

The following figure represents a high-level procedure of the Exposure of QNC and AQP with PDU Set QoS Parameters.
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Figure 6.X.3-1: Procedures of the Exposure of QNC and AQP with PDU Set QoS Parameters 
1. The AF sends a request to subscribe the exposure of QNC and AQPs of the QoS change using Nnef_EventExposure_Subscribe request message to the NEF. Optionally, QoS monitoring requirements, Multi-modal Service ID, PDU Set QoS Parameters and Protocol Description can be included in the AF request. 
The Alternative Service Requirements with PDU set QoS Parameters can be provide by AF in a prioritized order. Each Requested Alternative QoS Parameter Set is comprised of the following individual parameters optionally: Packet Set Delay Budget, Packet Set Error Rate, PSIHI, UL-guaranteed bitrate, DL-guaranteed bitrate, Averaging window, Maximum Data Burst Volume.
The AF may additionally subscribe to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow. For Option 2, the AF may also indicate to notify the QNC and AQP via UPF. 
2.
The NEF authorizes the AF request. 
3.
The NEF forwards received parameters to the PCF in the Npcf_PolicyAuthorization_Subscribe request. 
4.
The PCF makes a policy decision. The PCF may determine that the updated or new policy information need to be sent to the SMF.

The PCF derive Alternative QoS Parameter Sets for PCC rule based on the requested Alternative QoS Parameter Sets in the enhanced Alternative Service Requirements. 5.
The PCF responds to the NEF a Npcf_Policy Authorization_Subscribe  response. 
6.
The NEF sends a Nnef_EventExposure_Subscribe response message to the AF. 

7.
The PCF initiates SM Policy Association Modification Request to the SMF.

The PCF may enable PDU set QoS Notification Control and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF, together with the notify indication if Option 2 applied.
8.
The SMF replies SM Policy Association Modification Response to the PCF.
9.
The SMF initiates N4 Session Modification Request to the UPF.

10.
The UPF(s) respond to the SMF.

11. The SMF request PDU Session Modification to provide the QoS profile and a prioritized list of Alternative QoS Profile(s) to the NG-RAN.

The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced Alternative QoS Profile(s) to the NG-RAN, when the PCC rule contains Alternative PDU set QoS Parameter Sets. The SMF will also send the notify indication to NG-RAN for the QNC report and exposure via UPF if Option2 applied.
When the PCF notifies the AF that QoS targets can no longer be fulfilled, the QoS reference parameters or the Requested AQPs set indicated by the NG-RAN will be notified via Option a or Option 2.
12. The PDU Session Modification procedure is initiated by the NG-RAN for the QoS Notification control and exposure fo the QoS change.
For Option 1:

· The NG-RAN sends a notification to the SMF when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the SMF may inform the PCF and indicate the currently fulfilled situation to the PCF. 
· The PCF will report to AF triggered by the event “QoS targets can no longer (or can again) be fulfilled”. Based on the notification received, the PCF will exposure to the AF the QoS Reference parameter or the Requested Alternative QoS Parameter Set which corresponds to the Alternative QoS parameter set referenced by the SMF. Otherwise, the PCF will indicate to the AF that the lowest priority QoS Reference or the lowest priority set of Requested Alternative QoS Parameters of the Alternative Service Requirements cannot be fulfilled if the SMF has indicated that the lowest priority Alternative QoS parameter set cannot be fulfilled.

For Option 2:

· The NG-RAN sends a notification to the UPF (in the header of the UL data, or UL dummy packets for reporting) when the QoS profile is not fulfilled or even the least preferred Alternative QoS Profile can not be fulfilled. The reference to the enhanced Alternative QoS Profile is also to be included in the notification to indicate the PDU set QoS Parameters that the NG-RAN currently fulfils, if applicable. Upon receiving the notification from the NG-RAN, the UPF triggers the Nupf_EventExposure_Notify message to report the QNC and reference to AQP fulfilled currently to the AF/AS directly or via NEF. The UPF may inform the SMF and PCF to indicate the currently fulfilled situation for the QoS alignment, if indicated.
NOTE:
Whether the Option 1 or Option 2 selected is an operator policy option.
6.X.4
Impacts on services, entities and interfaces
AF:

-
The AF subscribes to PCF for receiving the Notification when the QoS targets can no longer (or can again) be fulfilled for the media flow. For Option 2, the AF may also indicate to notify the QNC and AQP via UPF.
PCF:

-
The PCF may enable PDU set QNC and include the derived Alternative PDU set QoS parameter sets in the PCC rule sent to the SMF, together with the notify indication if Option 2 applied. 

SMF:

-
The SMF provides in addition to the QoS Profile including the PDU Set QoS Parameters, a prioritized list of enhanced AQPs to the NG-RAN. The SMF will also send the notify indication to NG-RAN for the QNC report and exposure via UPF if Option 2 applied.
NG-RAN:

-
The NG-RAN sends the QNC notification via Option 1or Option 2 when the QoS profile including PDU set QoS parameters is not fulfilled or even the least preferred Alternative QoS Profile cannot be fulfilled. 
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