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Abstract of the contribution: Proposes an alternative option for change of AMF / control of N2 persistence. 

1 Introduction

When the UE has been registered to the network, the AMF allocates a Temporarily ID to the UE (NG-GUTI). After the UE get the NG-GUTI, the NG-GUTI can be used to select which AMF instance handling the NAS message. In the cloud network due to the CN NF instance can be dynamically added/deleted, it has been suggested that the UE should not be sticky to one AMF instance. 

The basic requirements for the AMF stickness have following requirements per TR23.799:   

UE message handling: 

A) the Next Generation system should permit complete NAS procedures (c.f. EPC Attach procedure) to be executed on the same instance of the AMF.

B) the Next Generation system should permit time-separated NAS procedures from one UE to use different instances of the AMF.
NF level message handling: 

C) When a Network Function is created, deleted, or moved, either within a data centre or between data centres, the IP address used by a remote entity (e.g. NG RAN node, MMF, SMF, UPF, SDM, etc.) to route signalling/data to that NF might (or might not) change.

D) If the IP address of such a Network Function does change, then it is very important that there is no need for UE interaction.
This contribution give one alternative option on how to solve this issue.
2 Discussion
2.1 Identity

Till now the mechanism of the NG-GUTI allocated by the AMF can be categorized into 2 options: 

· Option 1: The AMF instance ID is included in the NG-GUTI. Using the same NG-GUTI can route to the same AMF instance. 
· Option 2: The AMF instance ID is not included in the NG-GUTI. Using the same NG-GUTI may route to different AMF instance. 
When the reselection is needed, it need identify the candidate AMF instances: 
· Option 1: Group potential candidate AMF instances, which are identical to each other from the UE view (except that the capacity may different). When the reselection is executed, it is done on this group. When the group based reselection mechanism is adopted, it may be preferred to select the AMF instance from the same vendor first. In this case whether we define a subgroup or need define the association among different group.    
· Option 2: slice based mechanism: Slice information provided by the UE is used for AMF instance selection. Slice information provided by the UE is used for reselection. In this case the NW notify the UE not include the NG-GUTI but just provide the Slice information to do the initial reselection again. 
2.2 AMF instance selection function at CN 

On the N2 interface the AMF instance selection is done on the RAN side. For other interface, e.g. N11, N12, normally there are no AMF instance selection as the signalling coming from the AMF first. 

As the AMF instance can be deleted, to avoid the impact to the peering CN NF instance. It is proposed that one AMF selection function is introduced at the CN side. This function can be combined with one default AMF instance in the AMF group. The AMF instance selection function helps other CN NFs (e.g. SMF) to select AMF instance when UE’s original serving AMF instance has been changed. The default AMF instance can select the suitable AMF instance, e.g. to assure the message be handled in the same AMF instance where the message from the RAN side is handling. 

Proposal 1: One AMF instance selection function should be supported at CN side. It can be combined with one default AMF instance. 
2.3 AMF Instance ID included in UE Temporary ID
In this proposal the AMF selection is executed by RAN per NG-GUTI. The AMF selection rule is configured on the RAN and default AMF instance. 

When the AMF reselection is need, the mechanism can be listed as follows:   
2.3.1 NAS routing in CM-IDLE state
When the UE is in CM-IDLE state, the AMF instance may decide to move its served UE to other AMF instance. There are two cases: 

Use case A: AMF is to be turned off
Typical of this case is that the whole AMF instance is to be turned off. All of the UE served by this AMF is to be distributed to other AMF instance. 

For this case the old AMF instance notify the selected new AMF instances to the RAN. And it also notifies the related default AMF instances of this update. 

· N2 interface: with this update when the UE sends the initial NAS message to the RAN, RAN will route the message to other AMF instance in the same AMF group based on the updated AMF instance information. 

· Other interface: for the message routing from other CN NF instance, as the old AMF instance is unavailable the message will be routed to the default AMF instance. The default AMF instance will forward the received message to the new AMF instance per updated AMF instance information. 

When the new AMF instance receive the message it updates the NG-GUTI and notify it to the UE and peer CN NF. 
Proposal 2: when the whole AMF instance is to be removed, the old AMF instance notify the selected new AMF instances to the RAN and default AMF instance. 
Use case B: specific UE are moved out of the AMF instance 

Typical of this use case is that the AMF may want to remove one specific UE into other AMF instance. 
N2 interface: when the UE send the initial NAS message to the RAN, RAN will forward the NAS message to the old AMF instance. The old AMF instance will select the updated AMF instance. Based on that information the message will be forwarded to the selected new AMF instance via the RAN or directly similar as TS23.501 clause 4.2.2.2.3. When the new AMF instance receive the message it updates the UE NG-GUTI and notify it to the UE. At the same time per UE context information, the new AMF instance update the information recorded on peer CN NF including the new NG-GUTI.   
Other interface: for the message routing from other CN NF instance, 
· If the recorded AMF instance still point to the old AMF instance, the message will be routed to the old AMF instance. The old AMF instance do the normal handling, i.e. network initiated service request. At that time as mentioned above the UE is change to the new AMF instance and also update the information recorded on other CN NF instance.

· If recorded the AMF instance has already point to the new AMF instance, then it can do as normal handling.  

When the new AMF instance receive the message it updates the UE NG-GUTI and notify it to the UE and peer CN NF.
Proposal 3: if the specific UE is to be moved from the old AMF instance, the AMF instance rerouting mechanism is to be used for moving the UE to the new AMF instance when the UE reconnect to the network. 
2.4.2 NAS routing in CM-Connected state
When there is uplink N2 signalling connection, RAN route NAS/N2 message directly via the uplink signalling connection to a specific AMF instance.
N2 interface: When the old AMF instance want to remove the UE to other AMF instance, it can do similar as the handover procedure. The old AMF instance notifies to the selected AMF Instance of the specific UE removal and the related UE context. When the new AMF receives the related UE context information, it notifies the RAN of the N2 Path switch from the old AMF instance to the new AMF instance. 
Other interface: For the message routing from other CN NF instance, similar handling as the handover procedure can be used, i.e. until handover procedure finished all the CN NF signalling will be rejected. After that, the information recorded on the CN NF will be updated with the new AMF instance.     

Proposal 4: for the UE in the CM-Connected state to be moved to other AMF instance, the old AMF instance use the procedure similar as the handover procedure to move the UE to the new AMF instance. After that, the new AMF instance trigger the N2 path switch to change the signalling path from the old AMF instance to the new AMF instance.

2.5 AMF Instance ID not included in UE Temporary ID
2.5.1 AMF instance selection

In this proposal the AMF instance ID is not included in the Temp ID. Each time when the UE reconnect to the network, a different AMF instance may be selected. 

· For the N2 interface the AMF selection is executed at the CN side. This selection need be recorded at the CN side.  

· On the peer CN NF instance there are no recorded AMF instance when no NAS handling is need (?). 

To solve above issue the default AMF instance is used, which record the selected AMF instance. Each time when one AMF instance is selected for a NAS procedure handling, the binding among, TNL association(N2 and other interface), the NG-GUTI and AMF instance are created and recorded on the default AMF instance. The binding is deleted when the NAS procedure is finished. This applied to the N2 and other interface.   

If the AMF instance has been selected on different AMF instance due to the race condition, the AMF instance rerouting similar as TS23.501 clause 4.2.2.2.3. can be used.
Proposal 5: Each time when one AMF instance is selected for a NAS procedure handling, the binding among, TNL association, the NG-GUTI and AMF instance are created and recorded on the default AMF instance.  

2.5.1 NAS routing in CM-Connected state
N2 interface: When the old AMF instance want to remove the UE to other AMF instance, it can do similar as TS23.501 clause 4.2.2.2.3. During this procedure the binding between the NG-GUTI and selected AMF instance is also updated. 
Other interface: For the message routing from other CN NF instance, it may need clarify on whether the CN NF is at the same DC or different DC. For the detail procedure it is FFS. 

Proposal 6: When the AMF instance is updated, the binding information stored on the default AMF instance need to be updated.
3
Conclusion
It is recommended to discuss and endorse the proposals in section 2, which are also list as below, 
· Proposal 1: One AMF instance selection function should be supported at CN side. It can be combined with one default AMF instance. 

For AMF instance ID included in the UE Temporary ID

· Proposal 2: when the whole AMF instance is to be removed, the old AMF instance notify the selected new AMF instances to the RAN and default AMF instance. 

· Proposal 3: if the specific UE is to be removed from the old AMF instance, the AMF instance rerouting mechanism is to be used for moving the UE to the new AMF instance when the UE reconnect to the network.

· Proposal 4: for the UE in the CM-Connected state to be moved to other AMF instance, the old AMF instance can use the procedure similar as the handover procedure to move the UE to the new AMF instance. After that, the new AMF instance trigger the N2 path switch to change the signalling path from the old AMF instance to the new AMF instance.

For AMF instance ID included in the UE Temporary ID

· Proposal 5: Each time when one AMF instance is selected for a NAS procedure handling, the binding among, TNL association, the NG-GUTI and AMF instance are created and recorded on the default AMF instance. 

· Proposal 6: When the AMF instance is updated, the binding information stored on the default AMF instance need to be updated.
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