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1
Introduction
Last RAN3 meeting discussed the multiple-SCTP associations per the SA2 LS ([1]). RAN3 reached agreements on some aspects, but there are still some open issues. This contribution analyses those open issues, and proposes a way forward. 
2 Discussion
There are following open issues. 
1) Whether use NGAP signalling for AMF to add/remove TNL associations
2) Paging: whether NG-C signalling related to UEs using non-UE associated signalling is allowed to not only use the pair of streams allocated in the SCTP association used for common signalling, but also a specific pair of streams allocated in the additionally established SCTP associations.

3) How NG RAN node control which of the SCTP associations shall be used for common NGAP procedures. 

4) How to update the NGAP UE-TNLA-binding
5) How to release the NGAP UE-TNLA-binding
6) Xn-HO: whether there is a need for target NG-RAN node to establish TNL association during Xn-HO.
The following sections analyse these issues one by one. 
2.1
AMF add/remove TNL associations 

Per TS23.501, “An AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF.” It was argued in last RAN3 meeting whether using OAM is enough. 5G allows an AMF to dynamically add/remove the TNL associations for various reasons discussed and agreed in SA2. Using OAM is not able to support this requirement. Thus, the SA2 requirement can only be met via NGAP signalling. Following changes are required for NGAP:
· Adding TNL association(s) in the NG SETUP RESPONSE message to allow the AMF to add additional TNL associations. 
· Adding TNL association(s) to Add/Remove in the AMF CONFIGURATION UPDATE message to allow the AMF to add/remove TNL associations. 
Proposal 1:  enhance the NG Setup Procedure, and AMF Configuration Update Procedure to allow the AMF to inform NG-RAN node to add/remove TNL associations. 
2.2
TNL association for common procedures 

Last RAN3 meeting agreed the WA that NG RAN node controls which of the SCTP associations shall be used for common NGAP procedures. We agree that one SCTP association shall be used for common procedures. But it is unclear on following aspects:

1. How to handle the case when one node detects the SCTP failure before the peer node? For example, AMF may first detect the SCTP failure, e.g. due to excessive retransmission for AMF initiated NGAP procedure. If the NG-RAN node happens to not initiate any NGAP procedure for this period, the NG-RAN node may detect the SCTP path failure later, e.g. via path heartbeat. Can AMF reselect a different SCTP association, and re-initiate the NGAP procedure? To take advantage of multiple-SCTP associations, it is better that AMF can reselect another SCTP association, and re-initiate the NGAP procedure. The NG-RAN node shall expect the NGAP message over any association. This also applies to the scenario when NG-RAN node first detects the SCTP failure. 
2. SCTP switch mechanism. There are two possible options
· Option 1: The NG-RAN node sends the GNB CONFIGURATION UPDATE including a new IE indicating the new SCTP association. 
· Option 2: The NG-RAN node sends the GNB CONFIGURATION UPDATE message over the new SCTP association.
Option 1 only works in normal case. It does not work in abnormal case, e.g. current SCTP association failed. Option 2 works in both normal case and abnormal case.  

Proposal 2: in normal cases, only one SCTP association is used for common procedures. In abnormal cases, e.g.  SCTP failure, the transmitter shall be allowed to reselect another SCTP association, and the receiver shall expect the NGAP message over any SCTP association.
Proposal 3: to switch the SCTP association, the NG-RAN node initiates gNB Configuration Update procedure over the new SCTP association. 

2.3
Paging 

In LTE, the PAGING message does not contain MME UE S1AP ID or eNB UE S1AP ID. The Paging procedure uses non-UE-associated signalling. NGAP Paging procedure/message will be similar to LTE Paging. In LTE, the Paging message is treated the same as other non-UE-associated signalling regarding the S1 Signaling Transport. For example, TS36.412 states:

Within the SCTP association established between one MME and eNB pair:

- a single pair of stream identifiers shall be reserved for the sole use of S1AP elementary procedures that utilize non UE-associated signalling.
It is unclear about the benefit to systematically treat Paging differently than other non-UE-associated signalling. Unless a clear benefit is demonstrated, it is better to align with LTE that Paging msg is treated the same as other non-UE-associated signalling as the baseline case with the option of supporting a dedicated SCTP association for additional paging when needed.
Proposal 4: It is unclear about the benefit to systematically treat Paging differently than other non-UE-associated procedures regarding the SCTP association.
Proposal 4bis: It may be useful to consider the option of a parallel dedicated SCTP association for additional paging when needed
2.4
Update UE-TNLA-binding 

Per TS23.501 and TS23.502, 
· 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.

The update procedure can be performed after the UE-TNLA-binding is created in the gNB. One example is shown as below for triangular redirection. gNB send a NGAP message to AMF via TNL#1, the gNB then receives the response message from the AMF via TNL#2. Since the gNB UE NGAP ID is unique within the gNB logical node, the gNB can recognize the response message is related to the same UE via the gNB UE NGAP ID. The gNB update the UE-TNLA-binding based on the received response message. 
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Figure 1: triangular redirection

The redirection via RAN may require changes to every UE-associated message sent by the AMF. It may need further analysis whether modify all related messages, or define a new message. 
To support the triangular redirection, Stage-2 needs to be updated to clarify that NG-RAN node shall update the UE-TNLA-Binding when the NG-RAN node receives a UE-associated message via a different TNL association. 
Proposal 5: Update Stage-2 to support triangular redirection. FFS on how to support redirection via RAN. 
2.5
Release UE-TNLA-binding 

Per SA2 TS23.501 and TS23.502, the AMF may ask the NG RAN node to release the N2AP UE-TNLA binding while keeping the UE in CM-CONNECTED state and keeping the corresponding N3 interface. The AMF releases the N2AP UE-TNLA binding by sending a UE specific N2AP UE-TNLA binding release message on the current TNL association.

In last RAN3 meeting, several options were discussed. 

· Option 1: AMF initiate AMF Configuration Update to remove an SCTP association, all related NGAP-UE-TNLA-binding are released.
In this option, all the related UE TNLA-binding are released. This is different to the SA2 scenario that the AMF intends to remove the UE-TNLA-binding only for one or some UEs, but not for all UEs. 
· Option 2: AMF initiates explicit NGAP UE-associated signalling 
This option aligns with the SA2 requirement that the UE-TNLA-binding release is per UE. This can be implemented via adding a new UE-TNLA-Binding Release indicator in UE CONTEXT MODIFICATION REQUEST message, i.e. to inform gNB that the UE-TNLA-Binding is to be released, or introducing a new NGAP procedure. 

· Option 3: AMF initiates the UE TNLA-binding release via update procedure. 
This may be implemented via the TNLA-binding update using redirection via RAN. Instead of setting a new TNL association, the AMF can set the new TNL association to NULL, thus inform the gNB to remove the UE-TNLA-binding. 
Both Option 2 sand Option 3 can meet SA2 requirements. Option 2 is slightly better than Option 3. 
Proposal 6: the AMF initiates UE-associated NGAP signalling to inform the NG-RAN to release the UE-TNLA-binding. 

2.6
Xn-HO 

Per TS23.502, during an Xn-based inter NG RAN node handover, the following applies

- The source 5G AN node supplies the target 5G AN node with the TNL address of the AMF for the currently

used TNL association.

- The target 5G AN node establishes a TNL association towards the TNL address received from the source 5G AN

node (if not established already), creates an N2AP UE-TNLA-binding to this TNL association and sends the N2

Path Switch Request via this TNL association.

- The AMF may decide to use the TNL association selected by the 5G AN or the AMF may modify the N2AP UE TNLA-binding by triangular redirection or by redirection via the RAN.

The SA2 text covers two scenarios:

· Scenario 1: Target NG-RAN node does not have SCTP association with AMF, using the AMF’s TNL adr used in source NG-RAN node. In this scenario, upon the reception of the AMF’s TNL adr during Xn-HO preparation procedure, target NG-RAN node shall establish SCTP with AMF using the AMF’s TNL adr received from source NG-RAN node. Since SA2 TS23.501 defines AMF informs NG-RAN node when add/remove a SCTP association, it is unclear about the scenario that only source NG-RAN node but not target NG-RAN node know a specific TNL adr of the AMF. 
· Scenario 2: Target NG-RAN node already has SCTP association with AMF, using the AMF’s TNL adr used in source NG-RAN node. In this scenario, when target NG-RAN node initiates Path Switch procedure, target NG-RAN node uses the SCTP association related to the AMF’s TNL adr received from source NG-RAN node. Considering TS23.502 defines the AMF can modify the N2AP UE TNLA-binding by triangular redirection or by redirection via the RAN during Xn-HO. Transferring AMF’s TNL adr to target RAN during Xn-HO preparation procedure may only save one UE-TNLA-Binding modification. 
It is better to check with SA2 regarding the Xn-HO scenario, and the necessity to transfer the AMF’s TNL adr during Xn-HO preparation procedure. 
Proposal 7: check with SA2 regarding the Xn-HO scenario, and the necessity to transfer the AMF’s TNL adr during Xn-HO preparation procedure.

3
Conclusions
In this paper, we analyzed the opens issues for multiple SCTP associations. Our proposals are:
Proposal 1:  enhance the NG Setup Procedure, and AMF Configuration Update Procedure to allow the AMF to inform NG-RAN node to add/remove TNL associations. 

Proposal 2: in normal cases, only one SCTP association is used for common procedures. In abnormal cases, e.g.  SCTP failure, the transmitter shall be allowed to reselect another SCTP association, and the receiver shall expect the NGAP message over any SCTP association.

Proposal 3: to switch the SCTP association, the NG-RAN node initiates gNB Configuration Update procedure over the new SCTP association. 

Proposal 4: It is unclear about the benefit to systematically treat Paging differently than other non-UE-associated procedures regarding the SCTP association.

Proposal 4bis: It may be useful to consider the option of a parallel dedicated SCTP association for additional paging when needed
Proposal 5: Update Stage-2 to support triangular redirection. FFS on how to support redirection via RAN. 
Proposal 6: the AMF initiates UE-associated NGAP signalling to inform the NG-RAN to release the UE-TNLA-binding. 

Proposal 7: check with SA2 regarding the Xn-HO scenario, and the necessity to transfer the AMF’s TNL adr during Xn-HO preparation procedure.

The Draft CR and reply LS can be found in ([4]
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