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1 Introduction
In SA2#131 meeting, impact on RAN of Automatic GBR service recovery after handover had been discussion, and a LS had been sent to RAN2/RAN3 from SA2 and the required actions is as follows:

	To RAN 2 

ACTION: 
SA 2 politely asks for feedback on Annex B content of this LS (to solve Key Issue #7 of TR 23.725), and in particular on points (i) and (ii) above.

To RAN 3 and RAN 2 

ACTION: 
SA 2 invites RAN 2 and RAN 3 to provide other feedback that they consider relevant with regards to Annex B and the multiple solutions in TR 23.725 v16.1.0 for Key Issue #7 


And the points (i) and (ii) mentioned above, is what the SA2 would, in particular, like to obtain RAN 2/RAN3 feedback as following:
	i. the admission control concept outlined in component B.
ii. with regards to component C, whether RAN signalling (RRC or other RAN signalling) from the RAN to the UE is needed when a GFBR flow is no longer granted the ‘guaranteed’ radio resources.


And the Key Issue 7 in SA2 is named as "Automatic GBR service recovery after handover". As described in [2], this issue occurs when a Guaranteed Bit Rate service cannot be maintained in some scenarios, e.g. during UE handover to a congested target cell or temporary cell overload due to higher priority services. Then how the GFBR service can be restored/enabled as soon as possible should be addressed.
Although in Rel-15, a "notification" mechanism was introduced, to enable gNB to maintain the RRC connection for the UE even when the QoS of the GBR service guarantee cannot be met and try to restore the QoS level as soon as possible through a notification message from the core network to gNB. This make it possible that the controller of the machine can keep the operation on the device with the adaption of its behaviour, e.g. reduce speed, during the RAN continues to try to restore the QoS level while the device is in that cell.

However, during inter-gNB handover, if the target gNB cannot support the required GBR QoS, the target gNB will reject the establishment of the QoS Flow for the UE during admission control. In such a case, if, e.g. due to movement of the UE, the source gNB has no choice but to handover to that target gNB, then the target gNB will complete the handover without the subsequent notification action to  the CN when the GBR QoS can be supplied to that UE. This would cause the CN to repeatedly attempt to re-establish the GBR service to restore the GBR service with a possible considerable number of signalling messages.
Therefore, in this contribution, we provide elaborated analysis on the proposed solution in the LS and how to feedback the LS from SA2. And we provide a draft LS on Automatic GBR service recovery after handover as referred [3].
2 Discussion
As described in the introduction section, the main issue in Rel-16 is that there no mechanism to allow the source gNB to notify the target gNB to maintain the RRC connection for the UE even when the QoS of the GBR service guarantee cannot be met during handover and no notification indication from target gNB to ensure core network being aware of the handover completion with a best effort QoS, and, the situation that the target gNB has restored the QoS level of GBR service. To address the issue, some enhancements are required in Rel-16 and was highlighted in red in the following figure of Procedure of Automatic GBR service recovery after handover, according to the below description and analysis:
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Figure 1: Procedure of Automatic GBR service recovery after handover
As described in the annex of [1], the following is the Solution Proposal list in for KI#7:
A) Use a new parameter in the QoS related signalling to indicate to the RAN that this is an "auto-restore GFBR" flow rather than a ‘release when GBR cannot be met’ flow.

1) a new parameter (rather than new resource type) enables GFBR 5QI characteristics to be reused

2) the new parameter points to the new RAN functionality that is needed.

Impact on RAN2 

Null 
Impact on RAN3 

During the Handover Preparation phase, an additional parameter " auto-restore GFBR " is proposed to be sent by the Source RAN node to the Target RAN node in the Xn interface signalling when the existing "notification control" in the “GBR QoS Flow Information” is sent.

B) At Flow Establishment and Handover, the RAN performs "3 step admission control" 

1) perform GFBR admission. 

2) If step one is unsuccessful, the RAN checks that there is a reasonable chance to serve the request for GFBR in the future (e.g. that the UE does not request more GBR resources than the complete cell can support).

3) if the request is "reasonable", the RAN performs admission control as for a non-GFBR flow with arbitrary, low quality, QoS.

Impact on RAN2 

Null 

Impact on RAN3 

Although this is basically realized via gNB’s implementation, the new admission control procedure need a trigger, which is the new parameter conveyed in the Xn interface signalling sent by the Source RAN node to the Target RAN node during handover preparation phase indicated in component A.
 

C) The core network AND UE are informed of the outcome of the admission control. 
Both are informed if subsequently the QoS cannot be guaranteed / when it can be guaranteed again. 
1) RRC signalling is used to inform the UE of the lack of Guarantee / restoration of the Guarantee.   

2) if the DRB and Logical Channel Group are configured for the GFBR flow by performing step 3 of B, the UE discards uplink packets for that flow when their [survival time] expires 

Impact on RAN2 

RRC signalling is used to inform the UE of the lack of Guarantee / restoration of the Guarantee. 

If the DRB and Logical Channel Group are configured for the GFBR flow by performing step 3 of B, the UE discards uplink packets for that flow when their [survival time] expires    

Impact on RAN3 

Signalling is used to inform the core network of the lack of Guarantee / restoration of the Guarantee. 
D) Implementation specific RAN mechanisms attempt to restore the QoS As Soon As possible (e.g. re-attempt ‘legacy’ admission control every 250ms, and restart after 4 "successes".)

Impact on RAN2 

Null 

Impact on RAN3 

Null
This is basically realized via gNB’s implementation 

E)  Xn-AP (and N2-AP) Handover signalling parameters are added to allow the source RAN to consider handover to other target cells if the first target cell cannot Guarantee the GFBR flow.

Impact on RAN2 

Null 

Impact on RAN3 

Impact on Handover signalling parameters
Observation 1: In summary, the impact on Uu, Xn and Ng interface signalling is listed in the following table:
	
	Uu interface
	Xn interface
	Ng interface
	Implementation

	Handover Preparation Phase
	
	A new parameter in the QoS related signalling to indicate to the target RAN that this is an "auto-restore GFBR" flow rather than a ‘release when GBR cannot be met’ in the handover request message.
Another new parameter in the signalling from the Target RAN to the Source RAN node is extended to indicate which GBR flows are able to be established with the required QoS, and which GBR flows are established with a best effort QoS.
	
	Performs soft admission control with taking the notification control parameter into account

	Handover Execution Phase
	New RRC signalling to keep the UE’s NAS aligned with the Notification status in the Core Network
	
	
	

	Handover Completion Phase
	
	
	Notification of lack of GBR QoS
	

	After Handover Completion Phase      
	New RRC signalling to keep the UE’s NAS aligned with the Notification status in the Core Network
	
	Notification of restoration of the Guarantee
	Re-attempt to try admission control of GBR QoS


Table 1: Summary of the impact on Uu, Xn and Ng interface signalling

Regarding i.
the admission control concept outlined in component B, in our understanding, it is gNB’s implementation specific. However, the new admission control procedure need a trigger, which is the new parameter conveyed in the Xn interface signalling sent by the Source RAN node to the Target RAN node during handover preparation phase indicated in component A.

Observation 2: Regarding i.
the admission control concept outlined in component B, it is gNB’s implementation specific. However, the new admission control procedure need the new parameter to indicate to the target gNB that this is an "auto-restore GFBR" flow during handover preparation.

Regarding ii. for component C, whether RRC or other RAN signalling from the RAN to the UE is needed when a GFBR flow is no longer granted the ‘guaranteed’ radio resources, the benefit is not so clear. The new RRC signalling is aimed to keep the UE’s NAS aligned with the Notification status in the Core Network. However, the UE generally has no idea of the actually allocated QoS for a special flow from latency and data rate aspects via gNB. What the UE can be aware is the radio bearer configuration for the SDAP, PDCP, RLC and MAC entities and dynamically scheduling resource in physical layer to meet the required latency and data rate of the flow.

 If the volume of un-transmitted data in the uplink buffer for the logical channel group associated with the GBR flow’s QFI can give the UE some indication of when a GBR QoS is not being delivered. When radio conditions degrade badly for existing GBR flows such as QCI=1 (voice), the RAN is likely to maintain the radio bearer and gNB-UPF tunnel configuration for a time, e.g. probably around 4-8 seconds. Thus it can be assumed that the UE’s NAS and/or User Plane handling software is used to data being queued on a logical channel group used by GBR services.
Therefore, from RAN3 point of view, the benefit of the new Xn and Ng signalling makes sense.
Observation 3: from RAN3 point of view, the benefit of the new Xn and Ng signalling makes sense.
Proposal 1: it is proposed to support the new parameter to indicate to the target gNB that this is an "auto-restore GFBR" flow during handover preparation.
Proposal 2: it is proposed to support the Notification of lack of GBR QoS and Notification of restoration of the Guarantee in Ng interface.
3 Conclusions
Observation 1: In summary, the impact on Uu, Xn and Ng interface signalling is listed in the following table:

	
	Uu interface
	Xn interface
	Ng interface
	Implementation

	Handover Preparation Phase
	
	A new parameter in the QoS related signalling to indicate to the target RAN that this is an "auto-restore GFBR" flow rather than a ‘release when GBR cannot be met’ in the handover request message.

Another new parameter in the signalling from the Target RAN to the Source RAN node is extended to indicate which GBR flows are able to be established with the required QoS, and which GBR flows are established with a best effort QoS.
	
	Performs soft admission control with taking the notification control parameter into account

	Handover Execution Phase
	New RRC signalling to keep the UE’s NAS aligned with the Notification status in the Core Network
	
	
	

	Handover Completion Phase
	
	
	Notification of lack of GBR QoS
	

	After Handover Completion Phase      
	New RRC signalling to keep the UE’s NAS aligned with the Notification status in the Core Network
	
	Notification of restoration of the Guarantee
	Re-attempt to try admission control of GBR QoS


Observation 2: Regarding i.
the admission control concept outlined in component B, it is gNB’s implementation specific. However, the new admission control procedure need the new parameter to indicate to the target gNB that this is an "auto-restore GFBR" flow during handover preparation.

Observation 3: from RAN3 point of view, the benefit of the new Xn and Ng signalling makes sense.

Proposal 1: it is proposed to support the new parameter to indicate to the target gNB that this is an "auto-restore GFBR" flow during handover preparation.
Proposal 2: it is proposed to support the Notification of lack of GBR QoS and Notification of restoration of the Guarantee in Ng interface.
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