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Abstract of the contribution: Proposes a solution to introduce support for AMF (N2/N11) stickiness removal.
1. Introduction
As part of TR 23.799, it was agreed that at least N2 stickiness removal should be specified in rel-15. 
The architecture should support mechanisms to avoid issues caused by the persistence ("stickiness") of UE-specific associations on at least N2.
NOTE 1:	Solutions should be developed during normative phase.
NOTE 2:	Other reference points may be considered.
Here we propose a solution for the above requirement.
Note: 	the stickiness removal requirement should also apply for other Control plane internal interfaces however the solution proposal in this document focuses mainly on AMF thus it focuses mainly on N2 and N11 interface initially.
2. Proposed Solution
In order to remove AMF stickiness (= N2 stickiness removal), we need to allow any AMF to process inter leaved message from the UE (MO transaction) and/or a message targeted for the UE (MT transaction). This requirement should apply when the UE is in CN_CONNECTED mode (RRC Connected/RRC_ConnectedInactive), CN_IDLE mode (RRC_IDLE). Furthermore, in order to support N2 stickiness removal, we need to support the same requirement also for N11 reference point. 
Assumptions:
1) AMF selection:
There are 3 possible alternatives for AMF selection:
1. RAN and SMF knows the same repository/selection function by configuration – to perform AMF selection.
1. RAN determines the pointer to the same repository/selection function from temp ID
1. RAN and SMF select AMF based on independent selection function. Then AMF queries the same repository/selection function to ensure it is the right AMF. If not, it redirects the UE to the correct AMF.
Alternative 1:
In order to ensure synchronization of AMF selection for MO and MT transaction, it is assumed that the RAN and SMF use the common repository/selection function (e.g. NRF or DSF) in order to select an AMF for a given UE. Upon selection of the AMF for a given UE either by RAN or SMF, the selected AMF instance ID is stored in the repository. This is to ensure synchronization of AMF selection for both MO and MT transaction by different network functions (RAN, multiple SMFs). In order for them to use the same repository function, repository function information can be configured in the RAN and SMF. The RAN requests the common repository/selection function for selecting an AMF. If an AMF has already been selected for a given UE, the corresponding AMF is returned to the requester. If an AMF has not been selected for a given UE, a new AMF is selected and returned to the requester.
Alternative 2:
This has the same characteristics as alternative 1 with the following addition - the identifier assigned to the UE should include a pointer to the repository function.
If they do not have access to the same repository function based on configuration information, then the identifier assigned to the UE should include a pointer to the repository function.


Figure 1: RAN and SMF using the common repository for NF selection
Alternative 3:
With this alternative, it is assumed that AMF and SMF have access to the common repository/selection function (e.g. NRF, DSF) but not RAN. So, in this case, RAN selects an AMF based on its own selection function, route the UE message to the selected AMF and the selected AMF queries the common repository function to ensure that it is the “correct serving AMF”. If not, it redirects the UE to the correct AMF.
Note 1: potential race conditions due to stateless AMF selection (due to N2/N11 stickiness removal) are handled as part of Annex within this paper.
2) UE context storage and location of DSF:
It is assumed that the AMF stores opaque UE context in the DSF when the AMF wants to become stateless. In order for the old AMF and new AMF to be able to determine the correct DSF, there are 2 options:
1) Same DSF is used by a certain pool of AMF for storing opaque UE context information and the DSF location information is configured in the AMF. So, if the AMF-old stores opaque UE context information in a certain DSF, AMF-new in the same pool can query the DSF to retrieve opaque UE context information for processing the message for a given UE.


Figure 2: AMF-old and AMF-new using the same DSF
2) Temporary ID created by the AMF for the UE includes a pointer to the DSF (function where the UE context is stored) and the new AMF uses the temporary ID provided by the UE to determine the correct DSF to retrieve opaque UE context.
2.1 AMF stickiness removal when UE is in CN_Connected:
Call Flow:
The following call flow shows the procedure in order to support removal of “per UE association” from AMF for N2 and N11 reference points. 
Note: Steps 6, 7, 8 are assumed to be inter-leaved transactions after step 5. Similarly, steps 9, 10 are assumed to be inter-leaved transactions after step 5.



Figure 3: Per UE association removal from AMF – UE is in CONNECTED mode
Call flow steps:
1) AMF decides not to remain the serving function for the UE anymore (e.g. in long connected state). This decision may be taken by AMF after a certain procedure is complete, based on OA&M trigger, maintenance reasons and this is implementation specific decision. AMF will keep N3 connection, PDU session but release N2 connection and N11 connection.
2) AMF stores opaque UE context in the DSF. 
3) AMF sends N2 hybrid release to the RAN with “stateless” indication to notify that the AMF will not contain UE context anymore. This gives an indication to RAN that N2 is released and N3 connection is still ON and that the AMF does not store UE context. 
4) AMF also sends Hybrid N11 release to the SMF with “stateless” indication to notify that the AMF will not contain UE context anymore. This gives an indication to SMF that N11 is released while PDU session is still active (thus this release should not translate as a release towards N4 for UPF) and that the AMF does not store UE context. 
5) If the temporary ID assigned by the AMF for the UE already includes a pointer to the DSF, then this step is not necessary. Otherwise, AMF may create and re-assign a temporary ID for the UE that includes a pointer to the DSF where UE context is stored.
Subsequent MO Transaction:
6) UE initiates NAS Uplink Transport message.
7) UE sends a NAS message towards AMF via RAN. RAN knows that the N2 has been released based on hybrid release with stateless notification thus the old AMF has no UE context anymore. It does not forward the message to an AMF based on temporary ID instead it selects an AMF by querying selection function such as NRF, re-establishes the UE specific N2 association between the RAN and new AMF, forwards the Service request to the new AMF. It may determine the selection function based on the information within the temporary ID provided by the UE.
8) The selected AMF instance may determine the DSF based on the information within the temporary ID provided by the UE, retrieves the UE context from DSF and processes the Service request. If needed, it (re-)establishes N11 connectivity with SMF for session establishment for the UE.
If a subsequent MT transaction occurs after step 5) above:
8) When there is a trigger for PDU session release for a certain UE, SMF knows that N11 has been released and the old AMF has no UE context anymore based on step 4. Thus SMF reselects a new AMF by querying a selection function such as NRF.
9) The selected AMF instance may determine the DSF based on the information within the temporary ID provided by the UE, retrieve the UE context from DSF and processes the PDU session disconnection request for the given UE, initiates PDU session disconnection request towards a certain UE.
AMF stickiness removal when UE transitions to CN_IDLE mode:
The following call flow shows the procedure in order to support removal of “per UE association” from AMF for N2 and N11 reference points when the UE is about to transition to IDLE mode. 
Note: Steps 5, 6, 7 are assumed to be inter-leaved transactions after step 6. Similarly, steps 8, 9 are assumed to be inter-leaved transactions after step 6.



Figure 4: Per UE association removal from AMF – UE transitions to IDLE
Call flow steps:
1) In some cases, 5G-RAN releases the UE's signalling connection before or in parallel to requesting the AMF to release N2.
2) 5G-RAN sends N2 release towards AMF with the appropriate cause code.
3) AMF sends N2 release to the RAN with stateless indication. This gives an indication to the RAN that the AMF does not contain UE context after N2 release.
4) AMF also sends Release N11 release to the SMF with stateless indication. This gives an indication to the SMF that the AMF does not contain UE context after N11 release. 
5) AMF stores opaque UE context in the DSF.
6) If the temporary ID assigned by the AMF for the UE already includes a pointer to the DSF, then this step is not necessary. Otherwise, AMF may create and re-assign a temporary ID for the UE that includes a pointer to the DSF where UE context is stored.
Subsequent MO Transaction:
7) UE initiates NAS Service Request message.
8) RAN does not forward the message to an AMF based on temporary ID provided by the UE instead it determines the serving AMF/selects a serving AMF by querying common repository/selection function, re-establishes the UE specific N2 association between the RAN and new AMF, forwards the Service request to the new AMF. 
9) The selected AMF instance retrieves the UE context from DSF and processes the Service request. If needed, it re-establishes N11 connectivity with SMF. It may determine the DSF based on the information within the temporary ID provided by the UE.
If a subsequent MT transaction occurs after step 6) above:
10) When there is a DDN trigger upon receipt of MT data for a certain UE, SMF knows that N11 has been released based on N11 release received in step 4. Thus SMF determines the serving AMF/selects a new serving AMF by querying a common repository/selection function such as NRF.
11) The selected AMF instance may determine the DSF based on the information within the temporary ID provided by the UE, retrieve the UE context from DSF and processes the DDN for the given UE, initiates paging procedure towards the RAN/UE.
3. Way Forward Proposal
It is proposed that SA2 discusses the solution proposal and minutes the agreements at principle level during SA2#118bis. If the solution principles are agreeable, source company will propose the P-CRs for corresponding sections of TS 23.501 and TS 23.502 for SA2#119. 
A. Annex A
Following are possible race conditions that can happen between MO and MT transactions. It needs to be ensured that the same serving AMF is selected for a given UE.
1) UE initiates MO Service request.
2) RAN queries the common repository/selection function for selecting an AMF.
3) In the meantime, SMF receives an MT request for the same UE.
Following call flow illustrates how this scenario can be handled:
[image: ]
1) UE sends MO service request. 
2) RAN queries the common selection/repository function, determines the serving AMF for the given UE.
3) In the meantime, SMF receives MT transaction for the given UE.
4) Common selection/repository function returns the serving / selected AMF. If a serving AMF for the UE is available, it returns a pointer to the serving AMF. If none is available, it selects a new serving AMF and writes it in the record for the given UE. It needs to ensure that there is only one requester selecting a new serving AMF at any point in time (this is by ensuring that the transaction is serialized). 
5) RAN forwards the MO Service request to AMF-new.
Note: Steps 3 and 4 could happen in any order.
6) SMF queries the common selection/repository function, determines the serving AMF for the given UE.
7) Common selection/repository function returns the serving / selected AMF. The same logic/condition as step 3 applies for this step.
8) SMF forwards the MT request to AMF-new
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