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Abstract of the contribution: This contribution discusses the Editor's Note on "whether and how to restrict the signalling sent from the AMFs to the NSACF".
1. Introduction
During the SA2#143E meeting it was agreed to specify a request/response procedure for NSAC where the AMF sends per-UE signalling to the NSACF. This procedure is specified in 23.502 clause 4.2.11.2.
2. Discussion

In TS 23.502 clause 4.2.11.2 "Number of UEs per network slice availability check and update procedure", the following Editor's Note is documented. 
Editor's note:
It is FFS whether and how to restrict the signalling sent from the AMFs to the NSACF in case the maximum number of UEs has been reached for prolonged time.

Let's first discuss "whether" a solution is required for this EN. The reason to document this EN was that there are cases when the maximum number of UEs can be reached at the NSACF and if there are no UE deregistering from the S-NSSAI, each new request sent from any AMF will be rejected.
The procedure in clause 4.2.11.2, step 4, specifies that the optionally the AMF may send a BOT to the UE in the rejected S-NSSAI IE. It is expected that the UE will not send the S-NSSAI in the Requested NSSAI as long as the BOT is running. This mechanism can be considered a kind of reduction of the signalling sent from the UE, and therefore indirectly as reduction of the signalling from the AMF. However, the provision of BOT to the UE is an optional behaviour of the AMF, and furthermore, there can be other UEs which may initiate registration to the S-NSSAI. For those UEs, the AMFs will still send a request to the NSACF. 
In the event of the maximum number of UEs has been reached for prolonged time and an AMF is restricted to send requests to register new UEs to the S-NSSAI, then the AMF will reject the S-NSSAI in the NAS signalling to the UE without sending signalling to the NSACF. This is fine, as the request to the NSACF would be anyhow rejected, as the maximum number of UEs is reached. 

There is one use case where a UE is registered with an S-NSSAI and an old AMF has successfully updated the NSACF. It may happen that the UE moves from the old AMF to a new AMF and the UE context cannot be exchanged. The new AMF may want to send an update request to the NSACF to register the UE for the S-NSSAI, however, if the new AMF is suspended to send requests to the NSACF, the new AMF would reject the UE without asking the NSACF. For such cases (i.e. where the UE context is not exchanged between the old and new AMF), exceptions can be specified from the suspended signalling. In other words, if the signalling for new UE registrations is suspended at the AMF, the UE is performing a mobility type Registration procedure and the AMF cannot retrieve the UE context from the old AMF, the AMF is allowed to send registration update to the NSACF. But the AMF would not be allowed to send registration update for a UE performing initial type Registration procedure.
Proposal 1: In the event of the maximum number of UEs has been reached for prolonged time, a mechanism to restrict the signalling from the AMFs to the NSACF is feasible and helpful. The restriction is applicable only for the Initial Registration Type and for the mobility type of registration when the UE context could be retrieved from the old AMF . This means, if the new AMF is restricted to send signalling to the NSACF, and the new AMF cannot retrieve the UE context from an old AMF, the AMF will send requests to the NSACF in order to add new UEs which are performing mobility type Registration procedure.
Let's now look at the "how" to solve the problem. There are several possible solutions to restrict the signalling sent from multiple (or all) AMFs to the NSACF for new UE registrations in such “max. number of UEs reached” occasion for a prolonged time:
1) The NSACF sends a back-off timer to the AMFs. This was proposed in the paper S2-2102325 and many concerns were raised. One concern is how to derive an appropriate value of the back-off timer at the NSACF and another concern is that the AMF will resume the transmission after the timer expires, but the max. number of UEs may decrease well before the timer expires. One solution to the latter problem is that the NSACF may send a Notification to delete the back-off timer.

2) NSACF sends Notification to the AMF to suspend the signalling. The Notification procedure is used today to configure the EAC mode in the AMF. The same Notification procedure can be also used to configure the AMF to stop and start signalling. By using Notification procedure, the NSACF can decide to control the start/stop of signalling to multiple (or all) AMFs simultaneously. 
3) NSACF sends a reject response message for a UE and piggy-backs a "stop" or "start" indication to the AMF. In other words, the dedicated per-UE signalling is used to configure the operational mode of the AMF for an S-NSSAI. This solution has the drawback that the NSACF needs to receive per-UE request in order to send the configuration parameter in the response. If the AMF is suspended to send signalling, then the NSACF may not receive further requests from the AMF. Furthermore, the NSACF cannot control the signalling from the AMFs simultaneously. 
4) The NSACF can use Overload Control Info (OCI) header of the HTTP as specified in CT4. Usually this mechanism is used when the receiving entity (e.g. NSACF) receives excessive signalling from a sender (e.g. AMF). However, the problem of the EN is different, i.e. the NSACF might be under-loaded, but as the max. number of UEs is reached for a prolonged time, and the AMFs keep requesting updates to add new UEs, so the NSACF wants to stop the signalling from multiple (or all) AMFs.  

By evaluating the above solutions, it seems that solutions 1) and 2) both are suitable for the purpose. Assuming that in solution 1) the NSACF may need to send Notification to the AMF(s) to delete the back-off timer, then the advantage compared to solution 2) would not be given anymore. In summary, it is proposed to conclude on solution 2). 
Proposal 2: The NSACF uses Notification procedure to instruct the AMF to start or stop sending requests to the NSACF.
3. Proposal
This paper proposes to specify the following mechanism to restrict the signalling sent from the AMF(s) to the NSACF for new UE registrations in such “max. number of UEs reached” occasion for a prolonged time:
Proposals 1 and 2: The NSACF uses Notification procedure to instruct the AMF to start or stop sending requests to the NSACF in the event of the maximum number of UEs has been reached for a prolonged time. When the signalling from the AMF is suspended, the AMF is allowed to send requests to the NSACF to add new UEs which are performing mobility type Registration procedure and the AMF cannot retrieve the UE context from an old AMF.
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