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Introduction
The issue of NGC deployed in virtualized environment and its relation to the NG-C/N2 persistence control issue has been previously discussed and it was generally acknowledged that further SA2 agreements are needed in order to progress the work in RAN3.
In the light of recent SA2 progress we believe RAN3 can now resolve this issue and proceed into stage-3 specification of NG-AP in line with SA2 agreements on multiple TNL associations and the solution of UE stickiness issue. 

In this contribution we suggest how RAN3 can proceed, taking into account the SA2 agreements as captured in TS 23.501 [1] and 23.502 [2].
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Discussion
2.1     General

Referring to section 5.21.1 in TS 23.501 [1], one can observe the following SA2 agreements:
	5.21.1.1
TNL associations

5G AN node shall have the capability to support multiple TNL associations per AMF.

Editor's note:
Whether the AMF can command the 5G AN node to use a subset of these TNL association for the first message from the UE is FFS.
An AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF.




	5.21.1.2
N2AP UE-TNLA-binding

While a UE is in CM-Connected state the 5G AN node shall maintain the same N2AP UE-TNLA-binding (i.e. use the same TNL association for the UE) unless explicitly changed or released by the AMF.

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.

An AMF shall be able to command the 5G AN node to release the N2AP UE-TNLA-binding for a UE in CM-Connected mode while maintaining N3 (user-plane connectivity) for the UE at any time.




Comparing these to the current TS 38.413 draft (in R3-171975) one can observe the following gaps:

· Support for multiple TNL associations in NG interface management procedures is missing

· Support for TNL binding update is missing

· Support for TNL binding release is missing 

Observation 1: support for multiple TNL associations per AMF, support for TNL binding update by AMF and support for TNL binding release by AMF are required by stage-2, but missing in the current stage-3.

2.2     Multiple TNL Associations per AMF

The first issue to look into is the support of multiple TNL associations.

An AMF can support multiple TNL associations, however only one will obviously be used for NG interface setup. In other words, at least one TNL address of the AMF needs to be preconfigured in the gNB and if multiple TNL addresses are available, the gNB uses one of them (which one  can be left for gNB implementation) to establish the first TNL association to the AMF and to setup the NG interface. 
While it is of course possible to pre-configure all AMF TNL addresses via e.g. OAM, since AMF TNL addresses may change over time rather dynamically, it is obviously beneficial to allow the AMF to update the list of TNL associations. This is also in line with SA2 agreements in TS 23.501 [1] quoted above. Therefore, it is suggested to amend the NG SETUP RESPONSE and AMF CONFIGURATION UPDATE NG-AP messages to carry TNL associations list of the AMF. This fulfils the following SA2 requirement: “An AMF shall be able to request the 5G AN node to add or remove TNL associations to the AMF.”.
Proposal 1: to amend the NG SETUP RESPONSE and AMF CONFIGURATION UPDATE NG-AP messages to carry TNL associations list of the AMF.
2.3     TNL Binding Update

The second issue that needs to be addresses is the change of TNL binding, requested by the AMF. 

Generally, there are two options to consider: definition of a new dedicated NG-AP messages or piggybacking on some of the existing procedures. According to TS 23.501 [1], the AMF shall be able to update the TNL binding at any time in CM-Connected. As we cannot assume that some of the other NG-AP procedures will be running at exactly the same time when an AMF needs to update (or release, see below) the binding, the way to address that requirement is to introduce a new NG-AP procedure. In fact, this is exactly the option mentioned in TS 23.501 [1] under the name of “Reroute NAS message”. Therefore, we propose to introduce a new dedicated NG-AP message for this procedure. With regards to the message name, we suggest to consider a single procedure for update and release (the release is discussed below) and therefore we think that the name chosen in SA2 can be improved.  

Proposal 2a: to introduce TNL BINDING UPDATE NG-AP message to allow the AMF to change the TNL binding of the NG-AP association.

Even though the dedicated NG-AP procedure is sufficient, it may also be worthwhile to consider allowing the AMF to piggy back the update and release information with other procedures. This may allow to minimize the RAN-CN signalling, which is always beneficial. The following messages can be considered: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST and DOWNLINK NAS TRANSPORT NG-AP messages.
Proposal 2b: to consider amending the INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST and DOWNLINK NAS TRANSPORT NG-AP messages to allow the AMF to change the TNL binding of the NG-AP association.

2.4     TNL Binding Release
Finally, the third issue is the TNL binding release.

Similarly, the AMF shall be able to release the binding at any time. The gNB behaviour in that case is described in the TS 23.502 [2] as follows

	If the AMF has released the N2AP UE-TNLA-binding in the 5G AN node for a UE, and the 5G AN node needs to send an N2 message for this UE, the following applies:
-
The 5G AN node creates an N2AP UE-TNLA-binding for the UE by randomly selecting a TNL association from the available TNL associations for the UE's AMF and sends the N2 message to the AMF via the selected TNL association.


We believe that there may not be a need to specify gNB behaviour upon release, but rather leave it to implementation.

With regards to the NG-AP signalling to support the release, similarly to the TNL Binding Update cases, we see two possibilities: implicit and explicit release. In the implicit release, the AMF updates the list of available TNL addresses using AMF CONFIGURATION UPDATE NG-AP message. All current TNL bindings for the TNL addresses which are removed are assumed to be released. In the explicit release, the AMF uses a new message (e.g. TNL Binding Update can be re-used) to explicitly release the binding. In the latter case, the release should be accompanied by the AMF CONFIGURATION UPDATE NG-AP message to remove the TNL address of the released binding or the gNB behaviour can be specified to remove the released TNL association from the list of AMF’s TNL Associations. In our view the implicit release is a better option, however we can also consider amending the NG-AP Binding Update, UE CONTEXT MODIFICATION REQUEST or other procedures. 
Proposal 3: to discuss whether to support TNL binding release using implicit signalling (i.e. AMF CONFIGURATION UPDATE NG-AP message) or explicit signalling (e.g.  NG-AP Binding Update, UE CONTEXT MODIFICATION REQUEST NG-AP message) or both.
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Conclusions and proposals

Observation 1: support for multiple TNL associations per AMF, support for TNL binding update by AMF and support for TNL binding release by AMF are required by stage-2, but missing in the current stage-3.

Proposal 1: to amend the NG SETUP RESPONSE and AMF CONFIGURATION UPDATE NG-AP messages to carry TNL associations list of the AMF.
Proposal 2a: to introduce TNL BINDING UPDATE NG-AP message to allow the AMF to change the TNL binding of the NG-AP association.

Proposal 2b: to consider amending the INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST and DOWNLINK NAS TRANSPORT NG-AP messages to allow the AMF to change the TNL binding of the NG-AP association.

Proposal 3: to discuss whether to support TNL binding release using implicit signalling (i.e. AMF CONFIGURATION UPDATE NG-AP message) or explicit signalling (e.g.  NG-AP Binding Update, UE CONTEXT MODIFICATION REQUEST NG-AP message) or both.

A TP implementing the above proposals (not all the options discussed) is provided in [3].
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