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Abstract of the contribution: Proposes solution to handle AMF planned removal and AMF failure procedure
1
Rationale and Proposal
Scenarios to be supported from an operator perspective: 
1) Ability to gracefully take an AMF out of service without affecting end user(s) and without requring all the UE(s) to re-register.
2) Ability to handle unplanned AMF outage without affecting end user services and without requiring all the UE(s) to re-register i.e. the ability to support “fail fast, recover fast” mode.

3) Why an operator might need to support AMF planned maintenance potentially frequently?

Planned (automated) maintenance might be required more often, in virtualized environments as there could be high number of software upgrades due to continuous SW integration and delivery (CID) processes targeting agile and automated SW delivery. In all these cases, an operator might need to shift sessions/traffic to another AMF without impacting the end user services.
4) With EPS, unplanned MME outage most often results in UE(s) having to re-register unless there is support for full redundancy i.e. continuous synchronization between MME and an SRS/or another MME for replicating state information.

5) The current solutions for MME Load balancing assume the following:
· To off-load ECM-CONNECTED mode UEs, the MME initiates the S1 Release procedure with release cause "load balancing TAU required" (clause 5.3.5). The S1 and RRC connections are released and the UE initiates a TAU but provides neither the S-TMSI nor the GUMMEI to eNodeB in the RRC establishment.
· To off-load UEs which perform TA Updates or Attaches initiated in ECM-IDLE mode, the MME completes that procedure and the procedure ends with the MME releasing S1 with release cause "load balancing TAU required". The S1 and RRC connections are released and the UE initiates a TAU but provides neither the S-TMSI nor the GUMMEI to eNodeB in the RRC establishment.

· To off-load UEs in ECM-IDLE state without waiting for the UE to perform a TAU or perform Service request and become ECM‑CONNECTED, the MME first pages UE to bring it to ECM-CONNECTED state. If paging the UE fails and ISR is activated, the MME should adjust its paging retransmission strategy (e.g. limit the number of short spaced retransmissions) to take into account the fact that the UE might be in GERAN/UTRAN coverage.

2
Proposed modification

It is proposed to modify TS 23.501 as follows:

* * * * Start Change * * *.*
5.21
Architectural support for virtualized deployments

Editor's note:
Whether there is a need to change AMF in the Connected and transition from IDLE to CONNECTED mode scenario is FFS. Whether this is for a single UE or a group of UE(s) is FFS.


5.21.1
Architectural support for N2

5.21.1.1
TNL associations

5G AN node shall have the capability to support multiple TNL associations per AMF.

Editor's note:
Whether the AMF can command the 5G AN node to use a subset of these TNL association for the first message from the UE is FFS.
An AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF.

5.21.1.2
N2AP UE-TNLA-binding

While a UE is in CM-Connected state the 5G AN node shall maintain the same N2AP UE-TNLA-binding (i.e. use the same TNL association for the UE) unless explicitly changed or released by the AMF.

An AMF shall be able to update the N2AP UE-TNLA-binding (i.e. change the TNL association for the UE) in CM-Connected mode at any time.

An AMF shall be able to update the N2AP UE-TNLA-binding (i.e. change the TNL association for the UE) in response to an N2 message received from the 5G AN by triangular redirection (e.g. by responding to the 5G AN node using a different TNL association) or by redirection via the RAN.

An AMF shall be able to command the 5G AN node to release the N2AP UE-TNLA-binding for a UE in CM-Connected mode while maintaining N3 (user-plane connectivity) for the UE at any time.

Editor's note:
Support of releasing the N2AP UE-TNLA-binding for a UE in CM-Connected is subject to feedback from RAN groups.
5.21.2
AMF Management
5.21.2.1
AMF addition, Association between AMF and GUAMI procedure

An AMF can be added to an AMF set and association between AMF and GUAMI can be created or updated as follows:

· AMF should be able to dynamically update the 5G AN node(s) with the new or updated GUAMI to provide necessary information to the 5G AN that is essential for N2 connectivity. The information of the GUAMI to be updated can be the AMF set or AMF pointer or both. In response, 5G AN node also provides necessary information to the AMF that is essential for N2 connectivity. 5G AN stores the association between AMF Set and AMF. Upon successful addition, the 5G AN node considers the new and/or updated AMF set information with the new AMF for AMF selection for upcoming UE transactions.
· AMF shall be able to dynamically update the NRF with the new or updated GUAMI to provide mapping between GUAMI and AMF information. Association between GUAMI and AMF is published to NRF. Upon successful addition, the NRF considers the new and/or updated GUAMI for providing AMF discovery results to the requester.
5.21.2.2
AMF planned removal procedure

An AMF can be taken graciously out of service for operational reasons as follows:

· If an UDSF is deployed in the network, then the AMF stores the context for registered UE(s) in the UDSF. If an UDSF is not deployed in the network, then the AMF can forward registered UE contexts to target AMF(s) within the same AMF set for the UE contexts grouped by the GUAMI value. If there are ongoing transactions (e.g. N1 procedure) for certain UE(s), AMF stores and/or forwards the UE context(s) upon completion of an ongoing transaction.
Editor’s note: when the AMF forwards registered UE contexts to target AMF, ensuring that the N2AP ID contexts is uniquely allocated by source AMF and target AMF is FFS.
· NOTE:
It is assumed that the UE contexts from the old AMF include all event subscriptions with peer CP NFs.
· An AMF shall be able to instruct the 5G AN that it will be unavailable for processing UE transactions. Upon receipt of the indication that an AMF is unavailable, 5G AN shall take the following action:
· 5G AN should mark this AMF and its associated GUAMI as unavailable and not consider the AMF for selection anymore for subsequent N2 transactions.

· For UE(s) in CONNECTED mode, 5G AN considers this as a request to release the N2AP UE 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, unless the target AMF has updated the N2AP UE association, the 5G AN should select a different AMF from the same AMF set when the subsequent N2 message needs to be sent. If the N2AP UE association was updated by the target AMF as unavailable AMF was replaced by the target AMF in the configuration table, then the 5G AN forwards N2 message to the corresponding 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 5G S-TMSI or GUAMI pointing to an AMF that is marked unavailable and the old unavailable AMF was not replaced with the target AMF(s), 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 subclause 6.3.5. If the unavailable AMF was replaced by the target AMF in the configuration table, then the 5G AN forwards N2 message to the corresponding AMF(s).
· An AMF shall be able to instruct other peer CP NFs, subscribed to receive such a notification, that it will be unavailable for processing UE transactions. Upon receipt of the notification that an AMF is unavailable, the other CP NFs shall take the following action:
· Consider this AMF as unavailable while not changing the status of UE(s) associated to this AMF (UE(s) previously served by the corresponding AMF still remain registered in the network), and AMF Set information.
· For the UE(s) that were associated to the corresponding AMF, when the peer CP NF needs to initiate a transaction towards the AMF that is marked unavailable and the old unavailable AMF was not replaced by the target AMF, CP NF should select another AMF from the same AMF set and forward the transaction. If no other AMF from the AMF set is available, then it can select an AMF from the same AMF Region as in subclause 6.3.5. If the peer CP NF is informed about the target AMF serving the UE, then the peer CP NF forwards the messages to the target AMF.
· Following actions should be performed by the newly selected AMF:
· If the newly selected AMF has access to the UE context i.e. able to retrieve the UE context from the UDSF, if it is received the UE context from the previous AMF, it processes the UE message accordingly and updates the 5G-GUTI towards the UE. For UE(s) in CONNECTED mode, it also updates the new N2AP UE association towards the 5GAN.
· If the new AMF is aware of a different AMF serving the UE (by implementation specific means) it redirects the UE to that AMF if necessary.
· NOTE:
This addresses situations where 5G AN node selects an AMF and other CP NFs select an AMF for the UE concurrently.
· If the new AMF received the contexts for the UE(s) from old AMF, then the new AMF updates the 5G AN and other peer CP NF(s) to replace old AMF with the target AMF information, i.e. the association between GUAMI and AMF is updated.
· If the new AMF does not have access to the UE context, then the AMF may force the UE to re-register.
· 5.21.2.3
Procedure for handling AMF Failure
· 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) 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 subclause 6.3.5.
· Peer CP NFs consider this AMF as unavailable while retaining the UE context, and AMF Set information included in GUAMI.
· 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. If no other AMF from the AMF set is available, then it can select an AMF from the same AMF Region as in subclause 6.3.5.
· Following actions should be taken by the newly selected AMF:
· If the newly selected AMF has access to the UE context (i.e. able to retrieve UE context from the UDSF, if deployed or have received the UE contexts from the previous AMF before failure), it processes the UE message accordingly and updates the 5G-GUTI towards the UE, if necessary.

· 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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