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1 Introduction
SA2 has approved procedures related to AMF management in TS 23.501, which includes AMF planned removal procedure and procedure for handling AMF failure. It was some discussion in RAN3#AH-1801 meeting, and a summary of offline discussion was provided in [1].
This paper continues to discuss how to support AMF management function from RAN3 respective.
2 Discussion
2.1 AMF planed removal with UDSF deployed
If an UDSF is deployed in the network, then the AMF stores the UE contexts in the UDSF. The UE context includes the AMF UE NGAP ID that is unique per AMF set. When AMF planned removal procedure happens, the AMF shall be able to notify the gNB that the corresponding AMF identified by GUAMI(s) is unavailable for processing UE transactions. It is desirable to define a new procedure to notify the AMF is unviable. 
Observation 1 The AMF UE NGAP ID is unique per AMF set.

Observation 2 An AMF unavailability indication from AMF to NG RAN should be defined to indicate that a specific AMF will be available by including GUAMI(s) configured on this AMF.
Upon receipt of the indication that an AMF is unavailable, the NG RAN shall have the following actions: 
For CONNECTED UEs: 

-
The NG RAN release the NGAP UE-TNLA binding with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information. 

-
Once the NGAP UE-TNLA binding has been released, for subsequent gNB initiated NGAP procedures for a specific UE, the NG RAN node should select a different AMF from the same AMF set (identified by AMF Set ID in the GUAMI).
For IDLE UEs: 

-
When the UE returns from IDLE, the NG RAN node may find the AMF pointed by the 5G S-TMSI or GUAMI is marked unavailable, the NG RAN node should select a different AMF from the same AMF set and forward the initial NAS message. 

Observation 3 Upon receipt the AMF unavailability indication, the NG RAN node shall release the NGAP UE-TNLA binding with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information if any.

Observation 4 AMF reselection within the same AMF set should be performed after receiving AMF unavailability indication.

2.2 AMF planed removal without UDSF deployed

In this scenario, the AMF can forward UE contexts, UE contexts grouped by the same GUAMI value, to target AMF within the same AMF set, including the source AMF name used for redirecting UE's MT transaction. Besides AMF unavailable, the target AMF information should also be provided form AMF to NG RAN. 

-
For UEs in CONNECTED mode, and if the NGAP UE-TNLA binding has been released, for subsequent NG RAN initiated NGAP procedures for a specific UE, the NG RAN should select the target AMF based on the target AMF name associated with the GUAMI.

-
If the UE is in IDLE mode, When the UE returns from IDLE, the NG RAN may find the AMF pointed by the 5G S-TMSI or GUAMI is marked unavailable, the NG RAN should select the target AMF associated with the GUAMI and forward the initial NAS message.
Observation 5 Besides AMF unavailability indication, the target AMF information i.e. the target AMF name associated with GUAMI, should be provided to NG RAN. 
Based on above observations, the following proposals can be made

Proposal 1 The AMF UE NGAP ID is unique per AMF set.

Proposal 2 A new procedure AMF Status Indication should be defined includes
· AMF unavailability indication including GUAMI(s) configured on this AMF;
· target AMF name associated with GUAMI (optional).
Proposal 3 Upon receipt of AMF Status Indication, the NG RAN shall
· release the NGAP UE-TNLA binding with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information if any.

· perform AMF reselection within the same AMF set optionally based on based on the target AMF name associated with the GUAMI.
In addition, the AMF can forward registered UE contexts, UE contexts grouped by the same GUAMI value, to target AMF(s) within the same AMF set. And target AMF will send a message to NG-RAN to indicate that the GUAMI is served by target AMF.

Proposal 4 The target AMF indicates NG RAN that the old GUAMI(s) are now served by target AMF by AMF Configuration Update procedure.
2.3 AMF Auto-Recovery with UDSF deployed

The procedure is same as AMF planned removal with UDSF deployment, except that the AMF will not send unavailable indication to NG-RAN, instead, the NG-RAN detects the AMF failure and marks it as unavailable. In addition, there will be no timer being set in NG-RAN.

Observation 6 It is up to RAN to detect the AMF failure.

2.4 AMF Auto-Recovery without UDSF deployed

In order to try and handle AMF failure in a graceful manner (i.e. without impacting UE), AMF can back up the UE contexts per GUAMI granularity in other AMFs. For each GUAMI the backup AMF information (in association to the GUAMI) is configured in the AMF, the AMF sends this information to NG RAN during the NG setup procedure.

Other handling are same as AMF planned removal without UDSF deployment, except that the AMF will not send unavailable indication to NG-RAN, instead, the NG-RAN will detect the AMF failure and marks it as unavailable, and the backup AMF will detect the AMF failure and inform RAN that a GUAMI of the AMF is now served by the backup AMF.

Proposal 5 The backup AMF information i.e. the AMF name associated with each GUAMI, should be sent from AMF to NG RAN in NG Setup procedure.

3 Conclusion and Proposals
Based on the discussion, we propose:
Proposal 6 The AMF UE NGAP ID is unique per AMF set.

Proposal 7 A new procedure AMF Status Indication should be defined includes
· AMF unavailability indication including GUAMI(s) configured on this AMF;
· target AMF name associated with GUAMI (optional).
Proposal 8 Upon receipt of AMF Status Indication, the NG RAN shall

· release the NGAP UE-TNLA binding with the corresponding AMF for the respective UE(s), while maintaining N3 (user plane connectivity) and UE context information if any.

· perform AMF reselection within the same AMF set optionally based on based on the target AMF name associated with the GUAMI.
Proposal 9 The target AMF indicates NG RAN that the old GUAMI(s) are now served by target AMF by AMF Configuration Update procedure.
Proposal 10 The backup AMF information i.e. the AMF name associated with each GUAMI, should be sent from AMF to NG RAN in NG Setup procedure.
The pCR to 38.413 is provided in [2].
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5.12
AMF Management function

The AMF management function supports AMF planned removal and AMF auto-recovery as specified in TS 23.501 [x].
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