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*********************************************************
Despite RAN 3 pointing out issues with Alternative QoS profile handling at handover into a congested NG-RAN node (point 2 in the LS in R3-194795=S2-1908699=S2-1910862), SA2 has not yet resolved this issue.

2) handover aspects may need further consideration. The current concept of the CN being in control of all QoS changes may not currently work well for handover as it is likely to lead to the GBR flow being released by a congested cell. The flow’s RAN-priority would then be dropped from “flow maintenance” to “new flow” (which is likely to lead to a long interruption time in the congested cell).
/…/
ACTION: 	RAN3 requests SA2 and RAN2 to take the above information into account, and SA2 to answer on points 2 and 3.

*********************

Automotive applications (c.f. V2Network) clearly require handovers to work well. They are also very likely to be “roaming”, and require deterministic performance from the VPLMN and the VPLMN’s RAN (which may be a shared RAN and operated by a different operator to the VPLMN operator).

************************
For inTRA NG-RAN node handover into a cell with radio interface congestion (such that the lowest priority Alternative QoS profile cannot be fullfilled), the specified behaviour is that a Notification control is sent, and, the NG-RAN attempts to restore the GFBR QoS as soon as possible.

However at inTER NG-RAN node handover into a cell with that radio interface congestion, the specified behaviour is that the flow is released and the CN has to retry (probably multiple times) to get the GFBR flow re-admitted as a new flow (rather than as flow maintenance)

This is inconsistent and goes against long standing principles that the RAN should hide mobility impacts from the Core Network.

With small amounts of additional Xn interface signalling, it should be possible for the intra NG-RAN node handover behaviour to be reused for inter NG-RAN node handover.

************
If the target NG-RAN node releases a GFBR flow it is likely that the application will promptly try to re-establish the GFBR flow. However, this would be a request for admission of a new flow and be treated by the RAN as lower priority than the maintenance of QoS for already admitted flows. Long interruptions and massive numbers of CN signalling requests can then result (as the vehicle operator desperately attempts to get their vehicle moving again).

Following congestion reduction, the next GFBR flow request is likely to be served. When coupled with the use of “not vulnerable to preemption” in the ARP field, resource allocation then becomes random (on a “first come, first served” basis) and encourages more aggressive CN retry attempts.

As the RAN and VPLMN had agreed to deliver the GBFR to the HPLMN’s AF, this level of service is unacceptable! 

**************
Various solutions can be designed, this CR proposes that the HPLMN can explicity request that GFBR flows are not released at handover in congested cells by setting the bit rates in the lowest priority Alternative QoS Profile to 1 bit/s.
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	To avoid the NG-RAN releasing a GFBR flow at handover into a congested cell, the Core Network can set GFBR to 1 bit/s in the lowest priority Alternative QoS Profile, and the Target NG-RAN node shall take this as an explicit request to accept the QoS Flow even though it is unable to guarantee that GFBR, the PDB and the PER.
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************** start of changes ** v 16.2.0 + CR 1785r8 ******
[bookmark: _Toc20149794][bookmark: _Toc27846586]5.7.1.2a	Alternative QoS Profile 
The Alternative QoS Profile(s) can be optionally provided for a GBR QoS Flow with Notification control enabled. If the corresponding PCC rule contains the related information (as described in TS 23.503 [45]), the SMF shall provide, in addition to the QoS profile, a prioritized list of Alternative QoS Profile(s) to the NG-RAN.
An Alternative QoS Profile represents a combination of QoS parameters to which the application traffic is able to adapt and has the same format as the QoS profile for that QoS Flow.
When the NG-RAN sends a notification to the SMF that the QoS profile is not fulfilled, the NG-RAN shall, if the currently fulfilled values match an Alternative QoS Profile, include also the reference to the Alternative QoS Profile to indicate the QoS that the NG-RAN  currently fulfils (see clause 5.7.2.4).

****** next changes *****v16.2.0+ CR 1785r8+CR1854r5******
[bookmark: _Toc20149806][bookmark: _Toc27846598]5.7.2.4	Notification control
[bookmark: _Toc27846599]5.7.2.4.1	General
The QoS Parameter Notification control indicates whether notifications are requested from the NG-RAN when the GFBR can no longer (or can again) be guaranteed for a QoS Flow during the lifetime of the QoS Flow. Notification control may be used for a GBR QoS Flow if the application traffic is able to adapt to the change in the QoS (e.g. if the AF is capable to trigger rate adaptation).
The SMF shall only 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.
If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR, the PDB or the PER of the QoS profile cannot be fulfilled, NG-RAN shall send a notification towards SMF that the GFBR can no longer be guaranteed. Furthermore, the NG-RAN shall 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 fulfil the GFBR, the PDB and the PER of the QoS profile again.
NOTE 1:	NG-RAN can decide that the GFBR can no longer be guaranteed based on, e.g. measurements like queuing delay or system load.
Upon receiving a notification from the NG-RAN that the GFBR can no longer be guaranteed, the SMF may forward the notification to the PCF, see TS 23.503 [45]. 
When the NG-RAN determines that the GFBR, the PDB and the PER of the QoS profile can be fulfilled 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]. The NG-RAN shall send a subsequent notification that the GFBR can no longer be guaranteed whenever necessary.
NOTE 3:	It is assumed that NG-RAN implementation will apply some hysteresis before determining that the GFBR can be guaranteed again and therefore a frequent signalling of GFBR can be guaranteed again followed by GFBR can no longer be guaranteed is not expected.
NOTE 4:	If the QoS Flow is modified, the NG-RAN restarts the check whether the GFBR can no longer be guaranteed according to the updated QoS profile. If the Notification control parameter is not included in the updated QoS profile, the Notification control is disabled.
If the NG-RAN has received a list of Alternative QoS Profile(s) for this QoS Flow and supports the Alternative QoS Profile handling, the following shall apply: 
1)	Before sending a notification that the GFBR can no longer be guaranteed towards the SMF, the NG-RAN shall check whether the values of the GFBR, the PDB and the PER parameters that the NG-RAN currently fulfils match any of the Alternative QoS Profile(s) in the indicated priority order. If there is a match, the NG-RAN shall indicate the reference to the matching Alternative QoS Profile with the highest priority together with the notification to the SMF.
	If there is no match, the NG-RAN shall send a notification that the GFBR can no longer be guaranteed towards the SMF without referencing any of the Alternative QoS Profile(s) (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). 
2)	If a notification that the GFBR can no longer be guaranteed has been sent to the SMF and the NG-RAN determines that the currently fulfilled values of the GFBR, the PDB or the PER are different from the situation indicated in the last notification, the NG-RAN shall send a further notification to the SMF and indicate the currently fulfilled situation. 
NOTE 5:	The fulfilled situation is either the QoS profile, an Alternative QoS Profile, or an indication that the lowest priority Alternative QoS Profiles cannot be fulfilled.
3)	The NG-RAN should always try to fulfil the values of the QoS profile and any Alternative QoS Profile that has higher priority than the currently fulfilled situation.
NOTE 6:	In order to avoid a too frequent signalling to the SMF, it is assumed that NG-RAN implementation can apply hysteresis (e.g. via a configurable time interval) before notifying the SMF that the currently fulfilled values match the QoS profile or a different Alternative QoS Profile of higher priority. It is also assumed that the PCF has ensured that the QoS values within the different Alternative QoS Profile(s) are not too close to each other.
4) 	Upon receiving a notification from the NG-RAN that the GFBR can, or can no longer, be guaranteed, the SMF may inform the PCF. If it does so, the SMF shall indicate the currently fulfilled situation to the PCF. See TS 23.503 [45]. 
5)	If the PCF has not indicated differently, the SMF uses NAS signalling (that is sent transparently through the RAN) to inform the UE about changes in the QoS parameters (i.e., 5QI, GFBR, MFBR) that the NG-RAN is currently fulfilling for the QoS Flow after Notification control or handover related signalling has occured.

[bookmark: _Toc27846600]5.7.2.4.2	Usage of Notification Control at handover
During a handover, the Source NG-RAN does not inform the Target NG-RAN about whether the Source NG-RAN has sent a notification that the GFBR for a QoS Flow can no longer be guaranteed. The Target NG-RAN performs admission control rejecting any QoS Flows for which resources cannot be permanently allocated. The accepted QoS Flows are included in the N2 Path Switch Request or N2 Handover Request Acknowledge message from the NG-RAN to the AMF. The SMF shall interpret the fact that a QoS Flow is listed as transferred QoS Flow in the Nsmf_PDUSession_UpdateSMContext Request received from the AMF as a notification that GFBR can be guaranteed again for this QoS Flow unless the SMF is also receiving a reference to an Alternative QoS Profile for this QoS Flow (which is described below). After the handover is successfully completed, the Target NG-RAN shall send a subsequent notification that the GFBR can no longer be guaranteed for such a QoS Flow whenever necessary. If the SMF has previously notified the PCF that the GFBR can no longer be guaranteed and the SMF does not receive an explicit notification that the GFBR can no longer be guaranteed for that QoS Flow from the Target NG-RAN within a configured time, the SMF shall notify the PCF that the GFBR can be guaranteed again.
[bookmark: _Toc20149807]During handover, the prioritized list of Alternative QoS Profile(s) (if available) is provided to the Target NG-RAN per QoS Flow in addition to the QoS profile. If the Target NG-RAN is not able to guarantee the GFBR, the PDB and the PER included in the QoS profile and if Alternative QoS Profiles are provided to the Target NG-RAN and the Target NG-RAN supports Alternative QoS Profiles, the Target NG-RAN checks whether the GFBR, the PDB and the PER values that it can fulfil match any of the Alternative QoS Profile(s) taking the priority order into account. If there is a match between one of the Alternative QoS Profiles and the GFBR, the PDB and the PER values that Target NG-RAN can fulfil, the Target NG-RAN shall accept the QoS Flow and indicate the reference to that Alternative QoS Profile to the Source NG-RAN.
If no matching Alternative QoS Profile(s) is available, the Target NG-RAN rejects QoS Flows for which the Target NG-RAN is not able to guarantee the GFBR, the PDB and the PER included in the QoS profile.
To avoid the NG-RAN releasing a GFBR flow at handover into a congested cell, the Core Network can set GFBR to 1 bit/s in the lowest priority Alternative QoS Profile. The Target NG-RAN node shall take this as an explicit request to accept the QoS Flow even though it is unable to guarantee to fulfill that GFBR, the PDB and the PER. 
NOTE 1: 	If the target NG-RAN releases the GFBR flow, it is likely that the application will promptly try to re-establish the GFBR flow. However, this would be a request for admission of a new flow and be treated by the RAN as lower priority than the maintenance of QoS for already admitted flows. Multiple CN signalling requests and long interruptions to the GFBR flow can then result. 
After the handover is completed and a QoS Flow has been accepted by the Target NG-RAN based on an Alternative QoS Profile, the Target NG-RAN shall treat this QoS Flow in the same way as if it had sent a notification that the GFBR can no longer be guaranteed to the SMF (as described in clause 5.7.2.4.1).
If a QoS Flow has been accepted by the Target NG-RAN based on an Alternative QoS Profile, the reference to the matching Alternative QoS Profile is provided in the N2 Path Switch Request or N2 Handover Notify message from the Target NG-RAN to the AMF (which forwards the message to the SMF). After the handover is completed successfully, the SMF shall send a notification to the PCF that the GFBR can no longer be guaranteed for a QoS Flow (see TS 23.503 [45] for details) if the SMF has received a reference to an Alternative QoS Profile and this reference indicates a change in the previously notified state of this QoS Flow.
NOTE 2:	A state change for the QoS Flow comprises a change from QoS profile fulfilled to Alternative QoS Profile fulfilled as well as the state change between fulfilled Alternative QoS Profiles.
**********end of changes *****


