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Abstract of the contribution: This contribution provides analysis of the QNC functionality wrt V2x QoS on Uu.
Discussion
In the course of study and normative work on introduction of support for V2x, QoS on Uu solutions have been discussed and introduced that leverage on the QoS Notification Control (QNC) mechanism. The recent meetings discussed the implications from providing a set of Alternative QoS profiles to NG-RAN and its usage in context of QNC.

Comments to the SA2 LS in S2-1908627.
SA2 sent LS to RAN3 in S2-1908627 asking for comments on consequences concerning the desired system behaviour when Alternative QoS profiles are provided. Below the LS text is walked through and analysed in light of existing QNC functionality.

The LS lists 3 issues for which it is seeking solutions. These 3 issues are discussed below.
Issue 1: notification of return to the original QoS profile:
There is a desire to allow the CN to be able to request that the RAN notifies the CN when return to the original QoS profile is possible after CN changed the QoS profile. [LS S2-1908627]
This issue is already addressed in the specified Rel-15 QoS Notification Control (QNC) logic:
If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR can no longer be guaranteed, NG-RAN shall send a notification towards SMF and  keep the QoS Flow (i.e. while the NG-RAN is not delivering the requested GFBR for this QoS Flow), unless specific conditions at the NG-RAN require the release of the NG-RAN resources for this GBR QoS Flow, e.g. due to Radio link failure or RAN internal congestion. The NG-RAN should try to guarantee the GFBR again.… [TS 23.501]
When the NG-RAN determines that the GFBR can be guaranteed again for a QoS Flow (for which a notification that the GFBR can no longer be guaranteed has been sent), the NG-RAN shall send a notification, informing the SMF that the GFBR can be guaranteed again and the SMF may forward the notification to the PCF, see TS 23.503 [45].
As can be seen from the quote above, the specified Rel-15 QNC function enables notification to CN when QoS profile of the GBR QoS Flow is possible to be supported again. 
Observation 1: The specified Rel-15 QNC function enables notification to CN when GFBR can be guaranteed again.
Issue 2: Downgrade of the GBR QoS Parameter:

There is a desire to allow the CN to be able to request that the RAN notifies the CN when return to the original QoS profile is possible after a CN initiated downgrade to an alternative QoS profile has happened (the original QoS profile is the QoS profile originally indicated by the CN to the RAN at QoS flow establishment). [LS S2-1908627]
It is an inherent property of the specified Rel-15 QNC function that NG-RAN is allowed to provide lower GFBR than requested for the GBR QoS Flow:
If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR can no longer be guaranteed, NG-RAN shall send a notification towards SMF and keep the QoS Flow (i.e. while the NG-RAN is not delivering the requested GFBR for this QoS Flow), ... . The NG-RAN should try to guarantee the GFBR again. [TS 23.501]
The framework of QNC allows NG-RAN to “downgrade” the GFBR of an GBR QoS flow without any additional indication or trigger from the 5GC. This NG-RAN behaviour w.r.t. Rel-15 QNC would not change if, in Rel-16, the CN provides Alternative QoS profiles and enables the NG-RAN to report its current abilities in a “quantised” manner instead of reporting in a binary fashion (“GFBR not fulfilled” / “fulfilled again”) only. Therefore, there is no need for the 5GC to trigger an explicit downgrade of the QoS profile associated with a QoS Flow to an Alternative QoS Profile.
For more clarity, let us assume, that the 5GC would indeed trigger a downgrade of the QoS profile with the intention to request the NG-RAN returning – as soon as radio and load conditions allow – to the most demanding QoS profile, i.e. the very same QoS profile requested before the modification. If we intend to build the Rel-16 mechanism on top of the Rel-15 framework, the modification of the QoS profile would contain the request for the very same QoS profile with the very same Alternative QoS profiles as the 5GC requested in the previous QoS flow setup/modification. The NG-RAN would execute the very same function and behave in the very same way as in the previous QoS flow setup/modification, hence there is no need to trigger such modification at all.
Observation 2a: Rel-15 QNC already contains the possibility of “downgrading” to a lower GFBR, hence there is no explicit CN trigger necessary for “downgrading”.

A possible depiction of the model, showing the relation between Rel-15 and Rel-16 QNC is shown below:
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Figure: Rel-15 and Rel-16 QoS Parameter Notification Control.

While in Rel-15 the QNC provides a binary indication to the 5GC, Rel-16 foresees to also indicate NG-RANs current ability to support the QoS flow, i.e. either one of the “Alternative QoS profiles” or GFBR/PDB/PER parameters. Having in mind the dynamic nature of the radio link, notifying the CN every single change in between “Alternative QoS profiles” or GFBR/PDB/PER parameter combination may create quite some traffic and it is questionable what purpose this constant reporting would serve.

Note, that this topic is also part of the Reply LS in S2-1908699 :
3) some companies would like to know whether the Alternative QoS Profiles can be applied to GBR flows without notification control.

Observation 2b: It is possible to model the “alternative QoS profile” approach on top of the existing Rel-15 QNC framework.
Observation 2c: Constant reporting within the “not fulfilled” state may generate quite some signalling traffic on N2 with questionable purpose for the 5GC and should be further discussed.
Issue 3: Return to the original QoS profile:

Based on this NG-RAN notification that the initial QoS profile can be fulfilled again, the CN would then re-establish the initial QoS profile with the NG-RAN via PDU Session Modification procedure and and inform the Application Function accordingly.[ LS S2-1908627]
As discussed for issue 2, there is no need to modify and re-modify the QoS flow, as “upgrading” the GFBR (just like “downgrading”, as explained in issue 2) is already contained in the specified Rel-15 QNC functionality:
If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR can no longer be guaranteed, NG-RAN shall send a notification towards SMF and keep the QoS Flow (i.e. while the NG-RAN is not delivering the requested GFBR for this QoS Flow), unless specific conditions at the NG-RAN require the release of the NG-RAN resources for this GBR QoS Flow, e.g. due to Radio link failure or RAN internal congestion. The NG-RAN should try to guarantee the GFBR again. [TS 23.501]
When the NG-RAN determines that the GFBR can be guaranteed again for a QoS Flow (for which a notification that the GFBR can no longer be guaranteed has been sent), the NG-RAN shall send a notification, informing the SMF that the GFBR can be guaranteed again and the SMF may forward the notification to the PCF, see TS 23.503 [45].
As stated above, both, the re-establishment of the original QoS profile is addressed by an autonomous NG-RAN action, without the need for a CN initiated QoS flow modification. Furthermore, the notification to PCF, that may forward it to AF is already included.
Observation 3: Re-establishment of the original QoS profile as well as support for communicating the supported QoS level is included in the existing QNC functionality.

The feedback from RAN3 is that the SA2 solution may generate unnecessary and high signalling load on N2, especially having in mind the dynamic nature of a radio link, such feedback should be taken seriously:

1) QoS Upgrading amongst the set of Alternative QoS Profiles is feasible from a RAN3 perspective. 

1bis) Some companies in RAN3 have concern that the SA2 solution for upgrading/downgrading may generate too much interaction with the 5GC. [Reply LS S2-1908699 ]
Conclusion: Based on the analysis above we conclude that all 3 issues are already covered by existing QNC functionality.

Finally, the LS indicates that CN is unaware of the QoS level supported by NG-RAN:
As the CN is not aware of whether the situation at RAN has improved, this may result in repeated signaling until the RAN can fulfill the original QoS profile again. [LS S2-1908627]
However, QNC functionality provides a requirement to NG-RAN to autonomously strive to return to the original QoS profile:

If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR can no longer be guaranteed, NG-RAN shall send a notification towards SMF and keep the QoS Flow (i.e. while the NG-RAN is not delivering the requested GFBR for this QoS Flow), unless specific conditions at the NG-RAN require the release of the NG-RAN resources for this GBR QoS Flow, e.g. due to Radio link failure or RAN internal congestion. The NG-RAN should try to guarantee the GFBR again. [TS 23.501]
When the NG-RAN determines that the GFBR can be guaranteed again for a QoS Flow (for which a notification that the GFBR can no longer be guaranteed has been sent), the NG-RAN shall send a notification, informing the SMF that the GFBR can be guaranteed again and the SMF may forward the notification to the PCF, see TS 23.503 [45].
Observation 4: CN awareness of the QoS level supported by NG-RAN is included in the specified Rel-15 QNC functionality and does not require CN driven probing.
Current status of QNC functionality – Rel-16
Here we briefly recap the existing QNC functionality.
· RAN is configured to notify the CN when QoS requirements for a GBR QoS Flow can’t be sustained. Alternative QoS profiles may be indicated.
· RAN notifies CN when QoS requirements for a GBR QoS Flow for which QNC is enabled can’t be sustained.
· RAN indicates what currently is feasible either (GFBR, PER, PDB) or (ref to Alt QoS, if provided and supported by NG-RAN) or both.
· This means that RAN informs autonomously CN what QoS level it currently provides.

· This may be understood that a QoS downgrade occurred. However, the actual management of that behavior is RAN implementation dependent.
· While currently QoS level is below what the QoS profile describes, RAN strives to fulfill the QoS requirements provided to RAN for the GBR QoS Flow in the QoS profile again.

· RAN notifies the CN when QoS requirements according to the QoS profile associated with the GBR QoS Flow can be fulfilled again.

· This may be understood that QoS upgrade occurred. However, the actual management of that behavior is RAN implementation dependent.
Conclusions

Based on the analysis following observations are made:

Observation 1: The specified Rel-16 QNC function enables notification to CN when GFBR can be guaranteed again.

Observation 2a: Rel-16 QNC already contains the possibility of “downgrading” to a lower GFBR, hence there is no explicit CN trigger necessary for “downgrading”.

Observation 2b: It is possible to model the “alternative QoS profile” approach on top of the existing Rel-16 QNC framework.
Observation 2c: Constant reporting within the “not fulfilled” state may generate quite some signalling traffic on N2 with questionable purpose for the 5GC and should be further discussed.
Observation 3: Re-establishment of the original QoS profile as well as support for communicating the supported QoS level is included in the existing QNC functionality.

Observation 4: CN awareness of the QoS level supported by NG-RAN is included in the specified Rel-16 QNC functionality and does not require CN driven probing.

The observations lead to the conclusion that Rel-16 QNC function already includes the necessary means for flexible operation below the QoS level requested by the QoS profile for a GBR QoS Flow including the notifications to the CN informing about the current capabilities wrt QoS fulfilment. Addition of support for Alternative QoS profiles enables QoS fulfilment reporting in quantised manner.
Finally, no UE impacts have been identified. Given the information provided by QNC may be forwarded to AF, it can be forwarded to the UE on the application layer and used by the client in the application specific manner.

A CR to TS 23.501 further clarifying and correcting the functionality is provided in S2-1909595. 
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