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1.
Introduction
RAN3 received an LS from SA2 [1] asking questions related to the handling of multiple UE TNL associations, including the possibility of switching between associations during a connected period. 
During the June RAN3 ad-hoc, several papers were opened on this topic [4,5,6,7], and a way forward document was drafted [8] which can be used as initial reference for the discussion in RAN3#97. This document considers the issues as detailed in [8], and then uses this analysis to review the LS questions.
2.
Discussion of open issues
2.1
Control of number of SCTP associations
It was already agreed that, prior to NG Setup, the NG-RAN node is configured with remote IP endpoint address(es) of the AMF and initiates the SCTP association establishment. It was further proposed that the AMF shall control the number of SCTP associations on NG-C, either indicating additional remote IP addresses or remote IP addresses to be released, or both, to the NG-RAN node in NG SETUP RESPONSE or in AMF CONFIGURATION UPDATE.

Obviously at least the first IP endpoint address must be configured in the NG-RAN node. Then there are two options
· All other AMF addresses must be configured in the NG-RAN node

· All other AMF addresses are signalled by the AMF towards the NG-RAN node

The first option is anyway always possible, and in fact AMF addresses may be available from other sources including neighbour NG-RAN node information. So, the question is whether NGAP signalling support should be provided (e.g. in AMF CONFIGURATION UPDATE). This seems to enable some flexibility in deployment.
Recommendation 1: Support optional signalling of additional AMF addresses by the AMF.
2.1.1
Sub-issue: identification of NG-RAN node

This was not discussed in the meeting but was mentioned in [7]. If all SCTP associations are initiated by the NG-RAN node, how does the AMF know which node the association belongs to? In principle, some of the fields in INIT could be used to convey this information, but this would have to be standardized in RAN3. Alternatively, a new procedure could be defined, to be initiated by the NG-RAN node to establish the new TNL as part of an existing NG-c.

Recommendation 2: Consider defining a new procedure to initialize unambiguously a new TNL.
2.2
How to support common NGAP procedures

To our knowledge, this aspect was not considered by SA2, and several options are possible. At the last meeting, a working assumption was adopted that the NG RAN node controls which of the SCTP associations shall be used for common NGAP procedures, but it is FFS how this is implemented.
Considering the working assumption, it is not clear under what circumstances the NG-RAN node would need to change the “primary” association (except in case of release of the existing one). Equally it is not clear why the AMF would not need to change the “primary” association (since this feature is mainly targeted at providing AMF flexibility.
Recommendation 3: Agree on having a single SCTP association to support common procedures, and discuss further (perhaps involving SA2) how this can be changed.

2.3
Update of NGAP UE-TNLA binding

The ability for the AMF to change the NGAP UE-TNLA binding is an SA2 requirement, so the only open question is whether this is done implicitly or explicitly. 
In both cases, there are stage 3 details to fix e.g. in the implicit case whether the AMF can do a change with a response message; and in the explicit case whether this can only be signalled included in an AMF response message.

For simplicity, we could assume the implicit case, and further assume that the AMF can make the change with any message (initiating or response). Note however that the possibility to do binding release (first question of the LS) implies some form of explicit signalling.
Recommendation 4: Agree on implicit case for binding update, and discuss further on need for explicit (e.g. describe this in SA2 LS response and seek confirmation).

2.4
Handling of Paging

The default would be to use the “primary” association. There is a proposal to use “a specific pair of streams allocated in the additionally established SCTP associations”. In our understanding this proposal requires clarification. It is true that paging handling could reside in a specific CN engine, and that separating paging transport from other messages might reduce transport delay in some scenarios.
However, this type of argument could be used for other procedures too e.g. handover processing.

Recommendation 5: Discuss further the use case and details for supporting paging TNL separation.

2.5 
Xn Handover

The basic concept from SA2 is that the path switch request is directed towards the same IP endpoint as previously used by the source node. The below observations may be made
· Every time there is a handover, the target node must check (following the HO Preparation) the IP addresses of the existing SCP associations, and potentially start a new association if there is no match.
· It could be assumed that the target node will always accept and execute the handover, even if it is not able to start the association in time; in any case the AMF could respond to the path switch using a different association.

· IP addresses may or may not be a good indicator of the requirement, for example a given AMF engine may be reachable via multiple IP addresses

· It may be helpful for RAN nodes to exchange the details of their SCTP connectivity (per AMF) as an extension of what is one today with exchange of connected MMEs; this could be used to reduce the need to establish SCTP associations during a handover.

In particular, comparison of IP addresses seems inefficient if we consider that (1) in general a particular IP address may not be the only one providing connectivity to a particular AMF engine, and (2) the endpoint will be characterised by a set of addresses. So, it may be more efficient for the target NG-RAN node to be provided a “termination point ID” to go with the IP address. Hence the target would simply need to select a SCTP association linked to the same “termination point ID” (and of course to initiate a new one if needed).
This is possibly a stage 3 detail but may be worth considering in connection with having an explicit handshake when a new association is setup, where the AMF provides:

· Association ID: unique only for the protocol peer, used for explicit indication of change of UE binding or primary association (if needed), or possibly for release indication.

· Termination point ID: unique for the AMF, used to enable maintenance of connectivity towards the same termination point without comparison of IP addresses.

Recommendation 6: On handover, assume the following items and use in reply to SA2 to gather feedback
· Handover can proceed if SCTP association cannot be established to same IP endpoint

· RAN nodes can exchange SCTP association configuration, and may use this to initiate SCTP associations before handover
· SCTP association matching at target may be done based on signalled ID rather than IP address comparison
3.
SA2 LS questions

Some of the questions in the LS are not covered by the discussion above, hence some comments are added below:

1) the ability of the NG-RAN to support the case where the AMF releases the N2AP UE-TNLA-binding for a UE in CM-Connected mode at any time

SA2 seems to have in mind a situation where the SCTP association is to be re-selected. In any case the NG-RAN node must do the initial selection when sending the INITIAL UE MESSAGE (for example).
In this case, the release of the AMF binding could correspond to two scenarios:

· AMF releases and lets RAN select a new binding – this could be used when the AMF is clearing the SCTP association, and does not need to be prescriptive about the new binding

· AMF releases and explicitly selects a new binding – this can be used when the AMF wants to set the new binding 

Both cases could easily be supported – for example AMF messages could include a new IE (“Binding Release Indicator”) which could potentially include the new binding.
2) the ability of the NG-RAN to support the case where the AMF updates the N2AP UE-TNLA-binding for a UE by means of triangular redirection (e.g. by responding to the RAN using a different TNL association)

This corresponds to an implicit switch as part of a response message. If implicit switch is supported, then this will be supported. 
3) the ability of a target NG-RAN node to establish a TNL association towards a TNL address of the AMF received from a source NG-RAN node and to create an N2AP UE-TNLA-binding to this TNL association for a UE during an Xn-based inter NG-RAN node handover

This is fine in principle, but as discussed in section 2.5, requires clarification.

4. 
Conclusions
The recommendations are summarized below:

Recommendation 1: Support optional signalling of additional AMF addresses by the AMF.
Recommendation 2: Consider defining a new procedure to initialize unambiguously a new TNL.
Recommendation 3: Agree on having a single SCTP association to support common procedures, and discuss further (perhaps involving SA2) how this can be changed.
Recommendation 4: Agree on implicit case for binding update, and discuss further on need for explicit (describe this in SA2 LS response and seek confirmation).
Recommendation 5: Discuss further the use case and details for supporting paging TNL separation.
Recommendation 6: On handover, assume the following items and use in reply to SA2 to gather feedback

· Handover can proceed if SCTP association cannot be established to same IP endpoint

· RAN nodes can exchange SCTP association configuration, and may use this to initiate SCTP associations before handover

· SCTP association matching at target may be done based on signalled ID rather than IP address comparison
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