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Abstract of the contribution: This pCR proposes some updates for the solution#4 to the Key Issue #1 on support of network slice related quota on the maximum number of UEs. 
[bookmark: _Toc462478989]1 Introduction
This paper resolves Editor’s Notes for Solution#4.
2 Proposal

Start of changes 
[bookmark: _Toc25971133][bookmark: _Toc25971377][bookmark: _Toc26360301][bookmark: _Toc26360370][bookmark: _Toc30640015][bookmark: _Toc31274619][bookmark: _Toc43396958][bookmark: _Toc43483355][bookmark: _Toc43483649]6.4	Solution #4: NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
This solution is for Key Issue #1.
[bookmark: _Toc30640016][bookmark: _Toc31274620][bookmark: _Toc43396959][bookmark: _Toc43483356][bookmark: _Toc43483650]6.4.1	Introduction
This solution described
-	how the NWDAF knows about the maximum number of UEs that the network slice can support;
-	how the NWDAF knows about the current number of UEs accessing the network slice;
-	how the NWDAF supports other network functions in 5GC to enforce such quota when a UE registers for the network slice and that would cause the quota to be exceeded;
-	how the 5GS selectively enable this quota only for Network Slices that require it.
NOTE:	This solution has a dependency with a FS_eNA_ph2.
This solution uses the following principles:
-	The O&M system knows about the maximum number of UEs that the network slice can support.
-	When the O&M system instantiates a network slice constituent of several network functions, a network function of the network slice has an information available at the network function (e.g., NWDAF, AMF, PCF), whether a certain S-NSSAI is subject to a network slice quota checking on the maximum number of UEs. Such information can be made available, for example, as part of its local configuration or operator's policy.
[bookmark: _Toc25971134][bookmark: _Toc25971378][bookmark: _Toc26360302][bookmark: _Toc26360371][bookmark: _Toc30640017][bookmark: _Toc31274621][bookmark: _Toc43396960][bookmark: _Toc43483357][bookmark: _Toc43483651]6.4.2	High-level Description
[bookmark: _Toc25971135][bookmark: _Toc25971379][bookmark: _Toc26360303][bookmark: _Toc26360372][bookmark: _Toc30640018][bookmark: _Toc31274622][bookmark: _Toc43396961][bookmark: _Toc43483358][bookmark: _Toc43483652]6.4.2.1	NWDAF awareness of network slice quota on the maximum number of UEs
As already described in the Key Issue#1, the network slice quota on the maximum number of UEs is already specified by the attribute of "Number of Terminals" in the GST. Normally, such quota information is available in the OAM, before the OAM instantiates a network slice instance. Hence, it is possible that the NWDAF gets such quota information from the OAM.
[bookmark: _Toc25971136][bookmark: _Toc25971380][bookmark: _Toc26360304][bookmark: _Toc26360373][bookmark: _Toc30640019][bookmark: _Toc31274623][bookmark: _Toc43396962][bookmark: _Toc43483359][bookmark: _Toc43483653]6.4.2.2	NWDAF awareness of current number of UEs concurrently registered to a network slice
NWDAF collects the information of the current number of UEs accessing a network slice by one of the two following means:
[bookmark: _Toc25971137][bookmark: _Toc25971381]-	AMF: Due to the fact that the AMF knows about the Allowed NSSAI of each UE, the AMF could easily have an information of how many UEs are successfully registered to which network slice identified by a S-NSSAI. The NWDAF gets the current number of UEs being served by the AMF for a network slice. In case, there are multiple AMFs serving for a network slice, the NWDAF would need to collect this information from all AMFs of a S-NSSAI. See clause 6.4.3.2.1 for details.
-	OAM: As specified in clause 6.2.1 and 6.2.2 in TS 28.554 [4], the OAM has the Registered Subscribers of Single Network Slice Instance through AMF (RegisteredAMFSubNbrMean) KPI that describes the total number of subscribers that are registered to a network slice. The NWDAF may subscribe to the OAM to get an up-to-date information on the total number of UEs successfully registered to the network slice. See clause 6.4.3.2.2 for details.
[bookmark: _Toc26360305][bookmark: _Toc26360374][bookmark: _Toc30640020][bookmark: _Toc31274624][bookmark: _Toc43396963][bookmark: _Toc43483360][bookmark: _Toc43483654]6.4.2.3	NWDAF supports for network slice quota enforcement by other 5GC NFs 
To support the 5GC to enforce such quota, in particular, when a UE registers for the network slice and that would cause the quota to be exceeded, the NWDAF has to provide the information on whether the network slice quota has been reached to the AMF, which can be done by allowing the AMF to either
-	subscribe on the information whether the network slice quota has been reached (see clause 6.4.3.3); or
-	request the NWDAF to check whether the network slice has been reached before accepting the UE to be registered in the network slice (see clause 6.4.3.4).
Once the AMF gets such information from the NWDAF, if the network slice quota has been reached is indicated, then the AMF sends to the UE the Rejected S-NSSAI (see clause 6.4.3.5).
[bookmark: _Toc25971138][bookmark: _Toc25971382][bookmark: _Toc26360306][bookmark: _Toc26360375][bookmark: _Toc30640021][bookmark: _Toc31274625][bookmark: _Toc43396964][bookmark: _Toc43483361][bookmark: _Toc43483655]6.4.3	Procedures
[bookmark: _Toc25971139][bookmark: _Toc25971383][bookmark: _Toc26360307][bookmark: _Toc26360376][bookmark: _Toc30640022][bookmark: _Toc31274626][bookmark: _Toc43396965][bookmark: _Toc43483362][bookmark: _Toc43483656]6.4.3.1	Procedure for network slice quota information from OAM
Figure 6.4.3.1-1 shows the procedure to get the network slice quota information from the OAM.
1.	NWDAF requests the OAM for the network slice quota information of a network slice identified by a S-NSSAI.
[bookmark: _Hlk17808085]2.	OAM responses to the NWDAF with the maximum number of UEs that the slice can support.
NOTE:	To get an up-to-date network slice quota information, the NWDAF may subscribe to the OAM to the event notification for a change of the network slice quota information by using a similar subscribing procedure for data collection from the OAM as specified in clause 6.2.3.2 in TS 23.288 [5].


Figure 6.4.3.1-1: Collection of network slice quota information from OAM
[bookmark: _Toc25971140][bookmark: _Toc25971384][bookmark: _Toc26360308][bookmark: _Toc26360377][bookmark: _Toc30640023][bookmark: _Toc31274627][bookmark: _Toc43396966][bookmark: _Toc43483363][bookmark: _Toc43483657]6.4.3.2	Procedure for collection the information of the current number of UEs registered to a network slice
[bookmark: _Toc25971141][bookmark: _Toc25971385][bookmark: _Toc26360309][bookmark: _Toc26360378][bookmark: _Toc30640024][bookmark: _Toc31274628][bookmark: _Toc43396967][bookmark: _Toc43483364][bookmark: _Toc43483658]6.4.3.2.1	Procedure for collection the information of the current number of UEs registered to a network slice from AMF
Figure 6.4.2.2.1-1 shows the procedure to get the information of the current number of UEs registered to a network slice from the AMF.
1.	Namf_EventExposure_Subscribe Request (Input): NWDAF subscribes to the event notification(s) related to the services provided by the AMF for obtaining the number of UEs, which has successfully registered to a network slice. The Request may include an Event Filter to specify when the AMF should send a notification. Event Filter could be an indication that every time when the number of UEs being served by the AMF for the specific network slice has changed. 
2.	Namf_EventExposure_Subscribe Response (Output): AMF responses to NWDAF if the subscription is success or not.
3.	Data processing: AMF service producer prepares the data.
4.	Namf_EventExposure_Notify (notifyFileReady): Depending on the Event Filter being included in the subscription request message sent in step 1, the AMF notifies the NWDAF that the data file, which contain the information of the current number of UEs successfully registered to a network through the AMF, is ready. 
Editor's note:	It is FFS how frequent and based on what that triggers the AMF to notify to the NWDAF.


Figure 6.4.3.2.1-1: Collection of current number of UEs registered to a network slice information from AMF
[bookmark: _Toc25971142][bookmark: _Toc25971386][bookmark: _Toc26360310][bookmark: _Toc26360379][bookmark: _Toc30640025][bookmark: _Toc31274629][bookmark: _Toc43396968][bookmark: _Toc43483365][bookmark: _Toc43483659]6.4.3.2.2	Procedure for collection the information of the current number of UEs registered to a network slice from OAM
Figure 6.4.3.2.2-1 shows the procedure to get the information of the current number of UEs registered to a network slice from the OAM.
NOTE:	This procedure is only applicable, when the NWDAF does not collect the information for the current number of UEs registered to the network slice from AMF as described in clause 6.4.3.2.1.
[bookmark: _Hlk25201165]1.	Subscribe (Input): NWDAF subscribes to the notification(s) related to the services provided by the management service producer for obtaining the Registered Subscribers of Single Network Slice Instance through AMF (RegisteredAMFSubNbrMean) KPI. The Subscription Request may include an Event Filter to specify when the OAM should send a notification. For example, the Event Filter could indicate whenever there is a change of the number of UEs for this network slice. 
2.	Subscribe (Output): management service producer responses to NWDAF if the subscription is success or not.
[bookmark: _GoBack]3.	Data processing: management service producer prepares the data.
4.	Notification (notifyFileReady): Depending on the Event Filter being included in the subscription request message sent in step 1, the management service producer notifies the data file is ready.
NOTE:	Procedure for data collection from OAM is already specified in clause 6.2.3.2 in TS 23.288 [5], but so far not for collecting the Registered Subscribers of Single Network Slice Instance through AMF (RegisteredAMFSubNbrMean) KPI.
Editor's note:	It is FFS how frequent and based on what that triggers the OAM to notify to the NWDAF.


Figure 6.4.3.2.2-1: Collection of current number of UEs registered to a network slice information from OAM
[bookmark: _Toc25971143][bookmark: _Toc25971387][bookmark: _Toc26360311][bookmark: _Toc26360380][bookmark: _Toc30640026][bookmark: _Toc31274630][bookmark: _Toc43396969][bookmark: _Toc43483366][bookmark: _Toc43483660]6.4.3.3	Procedure for subscribing and notifying the event of network slice quota reached status
Figure 6.4.3.3-1 shows the procedure for subscribing and notifying the event of network slice quota reached status provided by the NWDAF.
1.	The NF subscribes to or cancels subscription to analytics information by invoking the Nnwdaf_AnalyticsSubscription_Subscribe/ Nnwdaf_AnalyticsSubscription_Unsubscribe service operation. The request for subscription includes an Analytics ID related to the NW Slice Quota for a particular network slice identified by a S-NSSAI.
2.	If NF subscribes to analytics information, the NWDAF notifies the AMF with the analytics information by invoking Nnwdaf_AnalyticsSubscription_Notify service operation. The analytics information comprises of an indication whether the network slice quota has been reached.
NOTE:	Procedure for subscribe/unsubscribe the analytics information provided by the NWDAF is already specified in clause 6.1.1.1 in TS 23.288 [5], but not for notifying whether the network slice quota has been reached. Hence, either a new Analytics ID or a new Analytics Filter is needed to be introduced.
The examples of NF are AMF, PCF.


Figure 6.4.3.3-1: Procedure for subscribing and notifying the event of network slice quota reached
[bookmark: _Toc25971144][bookmark: _Toc25971388][bookmark: _Toc26360312][bookmark: _Toc26360381][bookmark: _Toc30640027][bookmark: _Toc31274631][bookmark: _Toc43396970][bookmark: _Toc43483367][bookmark: _Toc43483661]6.4.3.4	Procedure for requesting for the network slice quota reached status
Figure 6.4.3.4-1 shows the procedure for the NF to request for the network slice quota reached status information.
1.	The NF requests analytics information of whether the network slice quota has been reached by invoking Nnwdaf_AnalyticsInfo_Request service operation. In this request message, the NF may ask for the network slice quota reached status of multiple S-NSSAIs that are subject to network slice quota checking.
2.	The NWDAF responds with analytics information to the NF indicating whether the network slice quota has been reached for the S-NSSAI(s).
NOTE:	Procedure for analytics request by any 5GC NF is already specified in clause 6.1.2.1 in TS 23.288 [5], but not specifically to provide the analytics information whether the network slice quota has been reached. Hence, either a new Analytics ID or a new Analytics Filter is needed to be introduced.
The examples of NF are AMF, PCF.


Figure 6.4.3.4-1: Procedure for request for the network slice quota reached status
[bookmark: _Toc25971145][bookmark: _Toc25971389][bookmark: _Toc26360313][bookmark: _Toc26360382][bookmark: _Toc30640028][bookmark: _Toc31274632][bookmark: _Toc43396971][bookmark: _Toc43483368][bookmark: _Toc43483662]6.4.3.5	Procedure for network slice quota checking in non-roaming or local breakout roaming case
Figure 6.4.3.5-1 shows the procedure for the network slice quota checking for non-roaming case or local breakout roaming case. For local breakout roaming case, it is assumed that the NWDAF in V-PLMN receives the network slice quota information from the OAM in V-PLMN.
1.	UE sends a Registration Request to register to the network including a Requested NSSAI.
2.	Based on the local configuration or operator's policy available at the AMF, the AMF checks whether the requested S-NSSAI(s) is subject to network slice quota checking. For the S-NSSAI that is subject to network slice quota checking, the AMF checks whether the network slice quota reached status information is available at the AMF. If the network slice quota reached status information is not available at the AMF, the AMF sends a request to the NWDAF for getting the network slice quota reached status information as described in clause 6.4.3.4.
NOTE:	The AMF may subscribe for the event of network slice quota reached status for the S-NSSAI(s), which the AMF supports, from the NWDAF by using the procedure described in clause 6.4.3.3, and hence, the AMF does not need to send a request to the NWDAF for getting the network slice quota reached status information every time when the AMF receives a Registration Request from a UE.
3.	For a requested S-NSSAI that is subject to network slice quota checking and the network slice quota has been reached, the AMF considers this S-NSSAI as a Rejected S-NSSAI. In the response to the UE, the AMF sends this Rejected S-NSSAI along with the rejection cause indicating that the network slice quota has been reached. In addition, the AMF may include a back-off timer for this Rejected S-NSSAI, so that the UE does not perform a request again for this Rejected S-NSSAI while the back-off timer is running.
	For a requested S-NSSAI that is subject to network slice quota checking and the network slice quota has not been reached yet, the AMF considers this S-NSSAI as an Allowed S-NSSAI.  In case, no S-NSSAI can be provided in the Allowed NSSAI, then the AMF provides an empty Allowed NSSAI.


Figure 6.4.3.5-1: Procedure for request for the network slice quota checking in non-roaming or in LBO roaming case
[bookmark: _Toc43396972][bookmark: _Toc43483369][bookmark: _Toc43483663][bookmark: _Hlk42991666][bookmark: _Toc25971146][bookmark: _Toc25971390][bookmark: _Toc26360314][bookmark: _Toc26360383][bookmark: _Toc30640029][bookmark: _Toc31274633]6.4.3.6	Procedure for the network slice quota checking in home-routed roaming case
Figure 6.4.3.6-1 shows the procedure for network slice quota checking for the home-routed roaming case. 
1.	UE sends a Registration Request to register to the network including a Requested NSSAI.
2.	Based on the local configuration or operator's policy available at the V-AMF, the V-AMF checks whether a S-NSSAI is subject to network slice quota checking. For the S-NSSAI that is subject to network slice quota checking, the V-AMF checks whether the network slice quota reached status information for the S-NSSAI is available at the V-AMF. If available, steps 3 to 6 are skipped for the S-NSSAI. If not available, steps 3 to 6 are performed.
3.	The V-AMF sends a Npcf_AMPolicyControl_Create Request message to the V-PCF. The message includes, for example, requested V-PLMN S-NSSAI(s), its mapping requested H-PLMN S-NSSAI(s) and an indication of "Network Slice Quota Reached Status Checking" for the S-NSSAI(s) subject to the network slice quota checking.
4.	If the V-PCF does not have the network slice quota reached status information for the H-PLMN S-NSSAI(s) subject to the network slice quota checking, the V-PCF sends a Npcf_NetworkSliceQuotaCheck Request message to the H-PCF including the H-PLMN S-NSSAI(s) subject to the network slice quota checking.
5.	For each H-PLMN S-NSSAI subject to network slice quota checking, the H-PCF checks whether the network slice quota reached status information is available at the H-PCF. If not available, the H-PCF sends a request to the H-NWDAF to get the network slice quota reached status information as described in clause 6.4.3.4. The H-PCF responds to the V-PCF and includes the information whether the network slice quota has been reached for the H-PLMN S-NSSAI subject to network slice quota checking.
NOTE:	The H-PCF may subscribe for the event of network slice quota reached status from the H-NWDAF by using the procedure described in clause 6.4.3.3, and hence, the H-PCF does not need to send a request to the H-NWDAF for getting the network slice quota reached status information every time when the H-PCF receives a Npcf_NetworkSliceQuotaCheck Request message from the V-PCF.
6.	In the Npcf_AMPolicyControl_Create Response message, the V-PCF forwards the information whether the network slice quota has been reached for the S-NSSAI(s) subject to the network slice quota checking.
7.	For a requested V-PLMN S-NSSAI that is subject to network slice quota checking and the network slice quota has been reached, the V-AMF considers this requested V-PLMN S-NSSAI as a Rejected S-NSSAI. In the response to the UE, the V-AMF sends this Rejected S-NSSAI along with the rejection cause indicating that the network slice quota has been reached. In addition, the V-AMF may include a back-off timer for this Rejected S-NSSAI, so that the UE does not perform a request again for this Rejected S-NSSAI while the back-off timer is running.
	For a requested V-PLMN S-NSSAI that is subject to network slice quota checking and the network slice quota has not been reached yet, the AMF considers this S-NSSAI as an Allowed S-NSSAI.
	If no S-NSSAI can be provided in the Allowed NSSAI, then the AMF provides an empty Allowed NSSAI.


Figure 6.4.3.6-1: Procedure for network slice quota checking in Home-Routed roaming case
[bookmark: _Toc43396973][bookmark: _Toc43483370][bookmark: _Toc43483664]6.4.4	Impacts on services, entities and interfaces
Editor's note:	This clause describes impacts to existing entities and interfaces.
UE: handling of new cause codes.
AMF: handling of quota management as specified above.
NWDAF: handling of quota management as specified
PCF: Supporting retrieval the network slice quota checking across PLMNs.


End of changes
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