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Abstract of the contribution: This discussion paper is about analysing the TNL A Binding release requirement and proposing a way forward to respond to RAN3 LS in S2-181485
1. Background
RAN3 LS states:
RAN3 had discussion on introducing explicit per-UE TNLA binding release.
Concerns have been raised by one company that applying the explicit per UE-TNLA binding release for a large number of UEs is likely for certain scenarios e.g. during an AMF planned removal, and this may result in substantial processing overload at the NG-RAN side.

RAN3 would like to ask SA2 to provide feedback to this concern. If the concern is acknowledged by SA2, RAN3 would like SA2 to modify stage-2 to avoid such to happen, if needed.

Observation 1: It can be seen that one company has raised some concerns about signaling by applying the explicit per UE TNL A binding release for a large number of UE(s) for certain scenarios (e.g. during AMF planned removal).
This paper provides an analysis and proposes a way forward.
2. Analysis of scenario with TNL-A Binding release
This is the example scenario that has been raised in the RAN3 LS:

Section 5.21.2.2 (AMF Planned Removal with or without UDSF deployed)
If 5G-AN indicated support of timer capability during NGAP Setup procedure, the AMF may include an additional indicator that the AMF will rebind or release the NGAP UE-TNLA binding on per UE-basis for UE(s) in CONNECTED mode. If that indicator is included and the 5G-AN supports timer mechanism, the 5G-AN starts a timer to control the release of NGAP UE TNLA binding. For the duration of the timer or until the AMF releases or re-binds the NGAP UE TNLA binding the AN does not select a new AMF for subsequent UE transactions. Upon timer expiry, the 5G-AN releases the NGAP UE UE-TNLA-binding(s) with the corresponding AMF for the respective UE(s), for subsequent N2 message, the 5G-AN should select a different AMF from the same AMF set when the subsequent N2 message needs to be sent.

NOTE 3:
For UE(s) in CONNECTED mode, after indicating that the AMF is unavailable for processing UE transactions and including an indicator that the AMF releases the NGAP UE -TNLA bindings on a per UE-basis, the AMF can either trigger a re-binding of the NGAP UE associations to an available TNLA on a different AMF in the same AMF set or use the NGAP UE TNLA binding per UE release procedure defined in TS 23.502 [3] to release the NGAP UE-TNLA binding on a per UE-basis while requesting the AN to maintain N3 (user plane connectivity) and UE context information.

In this case, the assumption is that the AMF performs planned removal gracefully. Here are the steps assumed:

1) When the AMF needs to be taken out of use, it notifies the RAN, NRF and other subscribed CP NFs that will go out of service. If the AMF has some UE(s) for which transactions are ongoing within the AMF, then the AMF indicates to the RAN that it will perform TNL-A binding release for such UE(s) on a per UE basis by including an indicator “AMF will rebind or release the NGAP UE-TNLA binding”.
2) 5G-AN should mark this AMF as unavailable and not consider the AMF for selection for subsequent N2 transactions until 5G-AN learns that it is available (e.g. as part of discovery results or by configuration). For the duration of the timer or until the AMF releases or re-binds the NGAP UE TNLA binding the AN does not select a new AMF for subsequent UE transactions.
3) As and when the ongoing transactions are complete within the AMF, it releases the TNLA binding on a per UE basis. This is expected to be performed only for a limited # of UE(s) and not all at the same time (as the transactions are generally spread out).
4) When the binding is released, AN knows that the AMF that has notified OOS shall not be selected for subsequent transaction.

5) When the timer expires, AN can release the NGAP UE TNL A binding for all UE(s) with the given AMF.

Following example(s) are used to illustrate the concern raised further: 

Example 1: Let’s assume there are M+N connected UEs (i.e. M UEs do not have neither ongoing NAS nor TNL-A binding, and N (where N is a small fraction of M) have ongoing NAS transaction).
1) AMF indicates OOS and it includes an indicator “AMF will rebind or release the NGAP UE-TNLA binding” for UE(s) that have ongoing transaction.

2) AN mark this AMF as unavailable and not consider the AMF for selection for subsequent N2 transactions until 5G-AN learns that it is available (e.g. as part of discovery results or by configuration). AN starts a timer (e.g. 2 hours) to monitor the release of NGAP-TNLA binding.

3) When the timer is running, if the RAN receives new NAS transaction for one of the M connected mode UE(s) for which TNL binding has not been released, RAN forwards the transaction to the old AMF still as it is not supposed to select a new AMF as per following statement:
“For the duration of the timer or until the AMF releases or re-binds the NGAP UE TNLA binding the AN does not select a new AMF for subsequent UE transactions.”
4) As and when the ongoing transactions are complete within the AMF, it releases the TNLA binding on a per UE basis for N+1 UE(s)* over a period of time (e.g. 2 hours). This is expected to be performed only for a limited # of UE(s) and not all at the same time (as the transactions are generally spread out).

*Note: N UE(s) had ongoing NAS transactions and 1 UE for which new NAS transaction arrived.

5) When the binding is released, AN knows that the AMF that has notified OOS shall not be selected for subsequent transaction.

6) When the timer expires, AN can release any possibly remaining NGAP UE TNL A binding for all UE(s) with the given AMF.

Example 2: Let’s assume there are M+N connected UEs (i.e. M UEs do not have neither ongoing NAS nor TNL-A binding, and N (where N is a small fraction of M) have ongoing NAS transaction).
1) AMF indicates OOS and it includes an indicator “AMF will rebind or release the NGAP UE-TNLA binding” for UE(s) that have ongoing transaction.

2) AN mark this AMF as unavailable and not consider the AMF for selection for subsequent N2 transactions until 5G-AN learns that it is available (e.g. as part of discovery results or by configuration). AN starts a timer (e.g. 2 hours) to monitor the release of NGAP-TNLA binding.

3) When the timer is running, if the RAN receives new NAS transaction for one of the M connected mode UE(s) for which the TNL binding has been released, RAN forwards the transaction to the new AMF:

“For the duration of the timer or until the AMF releases or re-binds the NGAP UE TNLA binding the AN does not select a new AMF for subsequent UE transactions.”
4) As and when the ongoing transactions are complete within the AMF, it releases the TNLA binding on a per UE basis for N UE(s)* over a period of time (e.g. 2 hours). This is expected to be performed only for a limited # of UE(s) and not all at the same time (as the transactions are generally spread out).

5) When the binding is released for all N UE(s), AN knows that the AMF that has notified OOS shall not be selected for subsequent transaction.

6) When the timer expires, AN can release any possibly remaining NGAP UE TNL A binding for all UE(s) with the given AMF.

Observation: 

It is only expected that the AMF performs NGAP UE TNL A binding release for a limited number of UE(s). It is not expected that a properly implemented AMF will use NGAP-TNL A binding for a huge number of UE(s) (i.e. not for N UE(s)) causing huge signalling increase. Also, there is no additional processing overhead expected in the NG-RAN side. Also, for any subsequent transaction after the NGAP TNLA binding has been released, either prior or after the OOS notification, the RAN selects a new AMF. Therefore, there is no performance issue of getting into a loop of re-selecting the same AMF again and releasing the binding again, as long as the timer is running in the RAN.
Furthermore, during the AMF planned removal scenario, only very small fraction of connected UE(s) are expected to have ongoing NAS transaction compared to UE(s) for which N2 transactions (e.g. context modification) are expected during normal conditions. 

Thus, the concern raised in the RAN3 LS is invalid (i.e. not expected to result in signalling increase and processing overhead), thereby no need seen to modify TS23.501/TS23.502 as a result.

Proposed way forward
Based on our analysis, there is no concern due to signalling increase as a result of NGAP-TNL A Binding release. Thus, there is no reason to modify the solution specified in TS 23.501/2 for this purpose. It is proposed to respond to RAN3 that there is no reason to worry about signalling increase and/or processing overhead due to TNL A binding release for the scenarios specified in TS 23.501, TS 23.502.
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