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1 Introduction

5G system architecture allows multiple levels of SCTP link redundancy between NG-RAN and 5GC

· Multiple SCTP endpoints from NG-RAN side.

· Multiple SCTP endpoints from AMF side.

· SCTP multi-homing (single SCTP association having more than one IP address endpoints on one or both the sides).

While SA2 has addressed the architectural principles for virtualized deployments with concepts of UE-TNLA binding and choosing any TNLA after binding release, it has not addressed some failure scenarios. It can be assumed that such failure scenarios are stage 3 issues and hence need to be discussed in RAN3. Also it was RAN3 decision, only recently, to support multiple SCTP end points from NG-RAN side towards AMF. The failure scenarios arising when multiple SCTP endpoints on NG-RAN side is supported was not thought of in SA2 due to this reason also. This discussion paper explains one failure scenario which needs to be discussed in RAN3 first and if agreeable trigger an LS to SA2 to solve it.
2 Discussion

Consider an NG-RAN to AMF inter-connection as given below:
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Figure 1: NG-RAN to AMF multiple SCTP end-points model
1. NG-RAN has 2 SCTP end points A and B
2. The AMF has 2 SCTP end points X and Y. AMF has advertised X to be used for Non UE associated signaling and Y to be used for UE associated signaling.
3. NG-RAN sets up SCTP associations towards AMF as given below
a. A to X and B to X for non UE associated signaling (shown in blue color in the figure)
b. A to Y and B to Y for UE associated signaling (shown in green color in the figure)
4. Now lets say, some ’N’ UE contexts are bound to the A to Y SCTP association.
5. As per 3GPP TS 23.501 clause 5.21.1.2:
While a UE is in CM-Connected state the 5G-AN node shall maintain the same NGAP UE-TNLA-binding (i.e. use the same TNL association and same NGAP association for the UE) unless explicitly changed or released by the AMF.
6. However, if there is a failure of the endpoint A or the software failure of the process handling SCTP associations from endpoint A, it is not clear whether:
a. NG-RAN shall assume that AMF implicitly releases the UE-TNLA binding for the ‘N’ UE contexts bound to the A to Y association, when the AMF detects the SCTP association failure or;
b. NG-RAN releases the UE contexts and the AMF moves the UE to IDLE state
7. Moving UE to IDLE state just because the bound TNL association failed, while other TNL associations exists, is not a good solution. It is better to rather release the UE-TNLA binding alone (implicitly) and keep the UE in CONNECTED state and use the alternate TNL associations for subsequent signaling. 
Observation#1: While signaling based explicit release of UE-TNLA binding is specified in SA2 specification for graceful release scenarios, it is not specified how abrupt failures of SCTP associations need to be handled.

Proposal#1: It is proposed that when AMF detects an SCTP association failure, it should implicitly release the UE-TNLA binding for the UE contexts bound to that association and hence shall expect subsequent UE associated signalling for those UE contexts from other available SCTP associations established towards an endpoint advertised by AMF for UE associated signalling. 
However the above solution can only be addressed in SA2 specification (TS 23.501 / 502)

Proposal#2: If the problem description and the proposed solution are agreeable in RAN3, it is suggested to send an LS to SA2, explaining the problem and the proposed solution for them to address in their specifications.

Note that the following text from clause 7 of TS 38.412 only addresses transport network failure

Transport network redundancy can be achieved by SCTP multi-homing between two end-points, of which one or both is assigned with multiple IP addresses. SCTP end-points shall support a multi-homed remote SCTP end-point.
SCTP multi-homing usage does not address failures when separate and independent SCTP associations between NG-RAN and AMF is used for redundancy.

3 Conclusion

Observation#1: While signaling based explicit release of UE-TNLA binding is specified in SA2 specification for graceful release scenarios, it is not specified how abrupt failures of SCTP associations need to be handled.

Proposal#1: It is proposed that when AMF detects an SCTP association failure, it should implicitly release the UE-TNLA binding for the UE contexts bound to that association and hence shall expect subsequent UE associated signalling for those UE contexts from other available SCTP associations established towards an endpoint advertised by AMF for UE associated signalling. 

However the above solution can only be addressed in SA2 specification (TS 23.501 / 502)

A sample of the proposed fix in SA2 specification is illustrated in the Annex.

Proposal#2: If the problem description and the proposed solution are agreeable in RAN3, it is suggested to send an LS to SA2, explaining the problem and the proposed solution for them to address in their specifications.

Annex
3GPP TS 23.501 v15.6.0 <SA2 can decide whether to have this fix from Rel-15 onwards or Rel-16 onwards>

5.21.1.2
NGAP UE-TNLA-binding

While a UE is in CM-Connected state the 5G-AN node shall maintain the same NGAP UE-TNLA-binding (i.e. use the same TNL association and same NGAP association for the UE) unless explicitly changed or released by the AMF or until a failure of the TNL association. Failure of a TNL association bound to an UE context is considered as a UE-TNLA binding release by the NG-RAN/AMF.
An AMF shall be able to update the NGAP UE-TNLA-binding (i.e. change the TNL association for the UE) in CM-CONNECTED state at any time.

An AMF shall be able to update the NGAP 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).

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