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Abstract of the contribution: Proposes solution to handle AMF failure case.
1
Discussion
At S2#122 meeting a solution to support recovery of AMF failure has been approved. To keep service continuity, it requires the UDSF is deployed in the system. This paper proposes a solution that support service continuity and without an UDSF deployed when recovery from AMF failure.

1.1 Solution description

During normal operation, the AMFs in an AMF set are configured with the serving GUAMIs and the backup GUAMIs, an example of such configuration is shown in the following table:

	AMF
	Serving GUAMI
	Backup GUAMI
	Corresponding Backup AMF

	AMF 1
	GUAMI 1, GUAMI 2, GUAMI 3
	GUAMI 4, GUAMI 7, GUAMI 10
	AMF2, AMF3, AM4

	AMF 2
	GUAMI 4, GUAMI 5, GUAMI 6
	GUAMI 1, GUAMI 8, GUAMI 11
	AMF1, AMF2, AMF4

	AMF 3
	GUAMI 7, GUAMI 8, GUAMI 9
	GUAMI 2, GUAMI 5, GUAMI 12
	AMF1, AMF2, AMF4

	AMF 4
	GUAMI 10, GUAMI 11, GUAMI 12
	GUAMI 3, GUAMI 6, GUAMI 9
	AMF1, AMF3, AMF3


Table 1 AMF and GUAMI configuration
AMF uses serving GUAMI(s) to allocate GUTI for the UE it serves. The AMF also acts as a backup AMF for the UE serving by other AMF. For one user, the context can be synchronized between the serving AMF and backup AMF. How the contexts are synchronized between two AMF is the implementation option.   
For example, if a UE is attached to AMF1, the AMF1 allocates GUAMI-2 to the UE. The UE’s context is also synchronized between AMF1 and AMF3.
If AMF 1 fails, AMF 2, 3, 4 within the same set group will serve UEs originally served by AMF1. So the updated configuration table is shown as below:
	AMF
	Serving GUAMI
	Backup GUAMI

	AMF 1
	Failure
	

	AMF 2
	GUAMI 4, GUAMI 5, GUAMI 6, GUAMI 1
	GUAMI 8, GUAMI 11 

	AMF 3
	GUAMI 7, GUAMI 8, GUAMI 9, GUAMI 2
	GUAMI 5, GUAMI 12 

	AMF 4
	GUAMI 10, GUAMI 11, GUAMI 12, GUAMI 3
	GUAMI 6, GUAMI 9 


Table 2 Updated AMF and GUAMI configuration
AMF2, AMF3, AMF4 will update the 5G AN/Peer CP NF for the updated serving GUAMI information. When AMF 1 returns to normal, the existing planned AMF maintenance procedure can be used to transfer UE back to the normal case. 
It is proposed we can do like below:
· Step 1: During N2 setup, Serving AMF informs 5G AN the serving GUMAIs and corresponding backup AMF. This is similar as that AMF indicates the unavailable GUAMI and the corresponding target AMF (refer to S2-175530). The difference is here the GUAMI is still available. 
· Step 2: When the target AMF detects the original serving AMF fails, it notify that the 5G AN updated GUAMI, i.e. the backup GUAMI is added on this AMF.

When the serving AMF fails and detects by the 5G AN, it may route the message to the backup AMF even it has not been notified by the target AMF. When the target AMF send the serving GUMAI and AMF mapping updated message to the 5G AN, 5G AN sends the following indicated GUAMI related UE message to the target AMF. 
Similarly action are done to notify to other CP NF. 

· Step 1: In the node level message, AMF informs Other CP NFs the serving GUAMIs and corresponding backup AMF. 
· Step 2: When the target AMF detects the original serving AMF fails, it register to the NRF of the updated GUAMI , i.e. the backup GUAMI is added on this AMF.
Thus when the peer CP NF are aware of the original AMF fails, it can routes the message to the planned target AMF. 
1.2 Analysis
On this non UDSF based solution, the UE context are synchronized among specific AMF(s), the message finally need be routed to one dedicated AMF if one AMF fails. This can avoid some unnecessary redirection due to different direction query/selection. 

This mechanism avoid the drawback that when the UDSF is not deployed and AMF failed, UE contexts will be lost, all UEs will be forced to re-register to CN. 

2
Proposed modification

It is proposed to modify TS 23.501 as follows:
* * * * Start Change * * *.*
5.21.2.3
Procedure for handling AMF Failure

For the non UDSF based network, when one GUAMI is configured on one AMF, the corresponding backup AMF is also configured on that AMF. During the N2 setup procedure or the first interaction with other CP NF, the AMF notify the peer side of the GUAMI(s) it owns and the corresponding backup AMF. The UE context is synchronized between the serving AMF and the AMF which is configured as the backup AMF for the UE allocated GUAMI. 
NOTE: 
When and how the UE context are synchronized between two AMFs are left to implementation.

Following actions should be performed by the target AMF:
In case an AMF fails and the 5G AN/peer CP NFs detect that the AMF has failed, following actions are taken:
-
5G AN marks this AMF as failed and not consider the AMF for selection until explicitly notified.

-
For UE(s) in CONNECTED mode, 5G AN considers failure detection as a trigger to release the N2AP association(s) with the corresponding AMF for the respective UE(s) while maintaining N3 (user plane connectivity) and other UE context information. For subsequent N2 message, the 5G AN should select a different AMF (as in clause 6.3.5) from the same AMF set when the subsequent N2 message needs to be sent for the UE(s). Ongoing transactions with the failed AMF must be considered as having failed, and shall be repeated with the newly selected AMF. 
-
For UE(s) in IDLE mode, when it subsequently returns from IDLE mode and the 5G AN receives an initial NAS message with a S-TMSI or GUAMI pointing to an AMF that is marked failed, the 5G AN should select a different AMF from the same AMF set and forward the initial NAS message. If no other AMF from the AMF set is available, then it can select an AMF from the same AMF Region as in clause 6.3.5.
-
Peer CP NFs consider this AMF as unavailable while retaining the UE context.
-
For the UE(s) that were associated to the corresponding AMF, when the peer CP NF needs to initiate a transaction towards the AMF, CP NF should select another AMF from the same AMF set and forward the transaction.
-
When the 5G AN or CP NFs check with the GUAMI and need select the different AMF from the same AMF set,

· For the UDSF based solution, any AMF from the same AMF set can be selected. 
· For the non UDSF based solution, the backup AMF associated with the indicated GUAMI are selected. 

Following actions should be taken by the newly selected AMF:

-
For the UDSF based network, the newly selected AMF retrieves the UE context from the UDSF based on 5G-S-TMSI or AMF UE N2AP ID and it processes the UE message accordingly, and updates the 5G-GUTI towards the UE, if necessary.
-
For the non UDSF based network, the newly selected AMF locates the UE context based on 5G-S-TMSI or AMF UE N2AP ID. Based on the GUAMI stored at the UE context, the newly selected AMF(s) checks whether the original serving AMF fails. If the failure of the original AMF is detected, it instruct peer CP NFs and 5G AN the updated GUAMI information, i.e. the indicated GUAMI is now served by this newly selected AMF.
-
If the new AMF is aware of a different AMF serving the UE (by implementation specific means) it redirects the UE to that AMF.

NOTE:
This addresses situations where 5G AN node selects an AMF and other CP NFs select an AMF for the UE concurrently.
NOTE:
It is assumed that the UE contexts from the old AMF include all event subscriptions with peer CP NFs.
-
If the new AMF does not have access to the UE context, then the AMF may force the UE to re-register.
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