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1. Proposal
It is proposed to accept the following changes to TR 23.700-741
FIRST CHANGE

6.XX
Solution #XX: Centralized Support for mobility between Multiple Service Areas/5GS-EPS Interworking

6.XX.1
Description
In this solution, a new centralized node is deployed to handle UEs that move between services areas (SAs) where multiple NSACFs are deployed, and when the UE can’t be admitted in the new service by the local NSACF because the maximum number of UEs has been reached. There are 3 mobility scenarios addressed by this solution

· AMF mobility when the new AMF is in a new service area when the operator divided the PLMN into multiple service areas.

· Handover between 4G and 5G in roaming cases where home routed is used for 4G, while the AMF is in the visited domain and where a shared count is used and configured in the central NSACF.

· Handover between 4G and 5G in non-roaming cases, and where a shared count is used and configured in the central NSACF. 

The current role of local NSACF in a Service Area (SA) is maintained for local admission. When a UE registers in a new SA, the UE is either:

· a UE not moving from another SA, i.e. it performs initial registration. This can be referred to ad type 1 UEs.

· a UE moving from another SA where it was admitted. This can be referred to type 2 UEs

UE registering in for the first time, i.e. they are not coming from an old SA - type 1 UEs, will be admitted if the local NSACF can admit the UE (note the conditions for admission for the requested slices, as will be shown later, are slightly different than what is currently defined in Release 17 because of this new solution), otherwise the request is forwarded to the central NSACF. The central NSCAF rejects the request and includes in the rejection response a new information element (IE) including instructions to the local NSACF for handling future incoming new registration requests for new UEs not arriving from other SAs. The central NSACF instructs the local NSACF, in this new IE, to reject future registration requests for the S-NSSAI(s) for new UEs until the number of registered UEs fall below a certain threshold, e.g. when admission is down to 80% the local NSACF can start accepting registration again for a S-NSSAI for new UEs. This threshold depends on the central NSACF busy status, and its value is implementation dependent.

UEs moving from old SAs - type 2 UEs must be admitted in a new SA where they register. To enable that, and if the local NSACF in the new SA is out of quota, because the maximum number of Registered UEs for the requested slices (s) has been reached, the local NSACF forwards the request to the central NSACF, including an indication that this request is for a UE moving in a new SA. The central NSACF handles the UE, creates the needed entry as a local NSACF currently does, increases the count for the slice (s). The central NSACF then returns the response to the local NSACF and includes instructions in the response for the local NSACF for handling future incoming new registration requests for new UEs not arriving from other SAs. The central NSACF instructs the local NSACFs to reject future registration requests for a S-NSSAI for all new UEs until the number of registered UEs fall below a certain threshold, e.g when its admission is down to 80% the local NSACF can start accepting registration again. This threshold depends on the central NSACF busy status.

The locals NSACF are provisioned with the necessary quota prior to any admission. The central NSCAF keeps a sufficient reserve to enable it to handle UEs moving between SAs and ensure their admission if the local NSACFs cannot accept them due to their admission quota being depleted.

The central NSACF instructions to local NSACFs, for handling future requests for new UEs, when local NSACFs are not able to accept any more UEs for a S-NSSAI (s), allow the central NSACF to control rejections of future request for new UE registration requests up to the threshold it deems safe for it to allow the central NSACF to deal with any UEs moving between SAs. That threshold clearly depends on the central NSACF implementation and is implementation specific. It is to be noted that the local NSACF interacts with the central NSACF when it is unable to accept any Registration because of its depleted quota regardless of if the UE is admitted in an old SA or not. 

Figure 6.xx.x.1 below illustrates the above concepts:
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Figure 6.xx.x.1 : Thresholds for Local admission by NSACF 

The central NSACF additionally has the same ability to instruct local NSACFs in responses associated with requests received from local NSACF for decreasing the count for the number of registered UEs for those UEs the central NSACF hold their entries. Hence, the framework provides complete flexibility to quicky adapt to any situation.

Finally, a returned value of 100 by the central NSACF to a local NSACF has a special meaning and instructs the local NSACF to check with the central NSACF for every new request received by the local NSACF regardless. This enhances the flexibility of the proposed framework and permit quick adaptation.  

The local NF can be configured in this option with the central NSACF, or can discover the central NSACF as per clause 6.12.2.4, or can receive the information from the AMF/SMF.

In summary; central NSACFs store UEs related information only for type 2 UEs, i.e UEs that are moving in from an old SA, where they have been admitted, to a new SA where they can’t be admitted due to the maximum number of Registered UEs have been reached.

6.XX.2
Procedure
6.XX.2.1
UE Registration Admission

6.XX.2.1.1
5GS only slices

The procedure followed by a local NSACF in this solution is identical to the procedure specified in TS 23.502 section 4.2.11.2 is followed with the following changes:

· Steps 1-2 is as is.

· In step 3, of section 4.2.11.2, the following conditions are handled:

· if the request is an increase and the local NSACF has an existing entry for the UE then step 3 is executed as is.

· if the request is a decrease and the local NSACF has an existing entry for the UE then step 3, of clause 4.2.11.2 of TS 23.502, is executed as is

· If the request is an increase and the local NSACF does not have an existing entry for the UE, the following applies:

· If the UE registration is unrelated to mobility, i.e. type 1 UEs, and the local NSACF is able to admit the UE, the local NSACF checks the instructions received/stored from the central NSACF, if any, and ensures that it is compliant. If an instruction is found, and the local NSCAF is compliant it accepts the request and executes step 3 of clause 4.2.11.2 of TS 23.502, as is. If the local NSACF is not able to admit the UE because of the instruction threshold (number of Registered UEs are above the threshold), then the local NSACF rejects the request and executes step 3 of clause 4.2.11.2 of TS 23.502, as is.

· If the UE registration is related to mobility, i. e type 2 UEs, meaning that the UE is coming in from an AMF belonging to old SA, and the local NSACF is able to admit the UE, then the local NSACF accepts the request and executes step 3 as is. 

If the local NSACF is not able to admit the UE, because the maximum number of Registered UEs has been reached, then the local NSACF sends the request to the central NSACF, includes an indication in the request that the UE has already been admitted, and waits for a response before responding to the AMF. The local NSACF discovers the central NSACF if it already has not done so or if it not pre-configured with the central NSACF

The central NSACF creates an entry for the incoming request, similar to what the local NSACF does, and store same information. The central NSACF calculates the threshold to be sent back to the local NSCAF for admission based on in its own internal logic, and includes the instruction in the response back to the local NSACF. The threshold is a percentage form, e.g. 80% which implies that the local NSACF accepts admission for new UEs registering in when it is occupancy is down to 80%. A returned value of 100 has a special meaning and instructs the local NSACF check with the central NSACF for every new request received by the local NSACF regardless. This is step 3a in the Figure below. 

· If the request is a decrease, and the local NSACF found the entry, the local NSACF executes step 3 as is

· If the request is a decrease, and the local NSACF did not found the entry, the local NSACF sends the request to the central NSACF which has the entry. The central NSCF deletes the entry , calculates the thresholds to be provided in the instruction IE for the local NSACF, and returns a response including the instructions for the threshold. This is step 3a below.

· In step 4 the local NSACF waits for pending requests to the central NSACF sent in step 3a in the Figure below,  before sending a response to the UE that merges the received response from the central NSACF. The local SNACF updates any instructions regarding a slice received from the central NSACF.
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6.XX.2.2
5GS-EPS Interworking with EPS Counting Active

In this solution, there is a shared count for maximum number of Registered UEs for interworking between 5GS and EPS. The count can be performed by a central NSACF NF dedicated for 5GS-EPC interworking, or the central NSACF NF used for 5GS slices can be used.

6.XX.2.2
Roaming

Roaming is covered by the above solution. The AMF in the VPLMN discovers the central NSACF used in the HPLMN if an incoming inbound roamer previously admitted cannot be handled by the AMF in the VPLMN. 
6.XX.2.3
UE PDU Session Admission 

SMFs use the central NSACF in the same fashion as the AMF for the number of registered UEs, with the distinction that new services are used in the central NSACF

6.XX.2.4
Services supported by Central NSACF

The central NSACF supports the same services as local NSACF as defined in section 5.2.21.

Both the local NSACF and central NSACF support additionally the following:

Service Operation name: Nnsacf_NSAC_NumOfUEsUpdate: 

 A new optional parameter is added by local NSCAF to tell the central NSACF that this is a UE who has been admitted in another AMF.

A new optional parameter is added by local NSACF for the PLMN ID in case of roaming.

The response from central NSACF to local NSACF as well includes instructions for the local NSACF on how to handle future admissions. The value 100 has a special meaning requiring the local NSACF to check every new admission with the central NSACF.

Service Operation name: Nnsacf_NSAC_NumOfPDUsUpdate:

Same impacts as described above but for local NSACF associated with the SMF.

6.XX.2.5
NEF Monitoring in the presence of Central NSACF 

 The impacts on TS 23.502, clause 4.15.3.2.10 can be summarized as follows:

The central NSACF has to be included in list of retrieved NSACFs and queried to ensure that complete count is provided.

6.xx.3
Impacts on services, entities and interfaces
NSACF: Update to existing service as indicated above.
END OF CHANGES
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Note that the threshold returned in the procedures by the central NSACF is a percentage, calculated as follows:
Threshold = (Number of UEs registered / Total number of Registered UEs) *100.
This is used to calculate the actual threshold shown in the Figure
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