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1. Introduction
This discussion paper is to address the receiving SA2 LS (S2-2308233) and provide an analysis on the matter, and then propose a way forward. 
2. Description
2.1.	SA2 LS and Background Information
· SA2 has sent an LS (S2-2308233) asking a feedback on the outlined methods for AMF discovery and subscription by the TSCTSF
· SA2 concerns are related to excessive signaling and possible failures that might occur once/if any of the outlined methods are used for this purpose
· SA2 seeks for pros and cons for the described methods from Stage 3 perspective.
Excerption of SA2 LS as below in italic:
SA2 is discussing two methods for the TSCTSF to discover AMF to support coverage area filters. The coverage area defines a spatial validity condition for the UE that is resolved at the TSCTSF subscribing to “UE presence in AoI” at the AMF. The methods the TSCTSF can use to discover and subscribe to the AMF are as follows:
discover the AMF(s) serving the list of TA(s) that comprise the spatial validity using the NRF and subscribes to the discovered AMF(s) to receive notifications about presence of any UE and list of UE(s) in an Area of Interest events (as described in clause 5.3.4.4 of TS 23.501). It is required that the subscribed event remain associated to the AMF even if it is does not serve a given UE. It is required that the subscribed event applies only to the list of UEs in the subscribe request. The TSCTSF may include an "Adjust AoI based on RA" indicator in the subscription to the UE mobility event notification. An Area of Interest (AoI) for each AMF is represented by a list of TA(s), wherein the Area of Interest is identical to the requested coverage area, or the Area of Interest is a TA. (or)
determine the serving AMF for each of the targeted UE(s) using the UDM and subscribe to the serving AMF to receive notification about presence of the UE in an Area of Interest (as described in clause 5.3.4.4 of TS 23.501). The TSCTSF may include an "Adjust AoI based on RA" indicator in the subscription to the UE mobility event notification. An Area of Interest (AoI) for each AMF is represented by a list of TA(s), wherein the Area of Interest is identical to the requested coverage area, or the Area of Interest is a TA.
SA2 question: There were concerns related to excessive signaling and failure issues thus SA2 would like to kindly request CT4 to provide feedback regarding the two methods from stage 3 perspective.
2.2		Possible solutions
There are two options outlined in the LS that can be used by TSCTSF to discover AMF(s) to subscribe for UE’s presence in an AoI.
· Method#1:	NRF based AMF Discovery. See clause 2.2.1
· Method#2:	UDM based AMF Discovery. See clause 2.2.2
2.2.1	NRF based AMF Discovery
This method is that the TSCTSF uses TA(s) from the spatial validity condition to discover all AMF that could serve these TAs using NRF, and, once the NRF provides a list of AMF(s), the TSCTSF invokes the subscription to all discovered AMF(s) for the presence of UEs in an AoI. 
NOTE that this method is already in the specs 3GPP TS 23.501 and 3GPP TS 23.502, as cited below in italic:
· In clause 4.15.9.3.2 Time synchronization service activation: (to configure the (g)PTP instance in 5GS) 
				...
If the Ntsctsf_TimeSynchronization_ConfigCreate request contains a spatial validity condition, then the TSCTSF performs the following operations:
-	For each target UE, TSCTSF determines whether the TSCTSF has subscribed for the UE presence in Area of Interest composed by the TA(s) in the Time Synchronization Coverage Area. If not, the TSCTSF discovers the AMF(s) serving the TA(s) that comprise the Time Synchronization Coverage Area, using the NRF discovery service (Nnrf_NFDiscovery_Request) with the list of TA(s). Then the TSCTSF subscribes to the AMF(s) to receive notifications about the UE presence in Area of Interest using Namf_EventExposure operation with the corresponding event filters as described in clause 5.2.2.3. The subscribed area of interest may be the same as the Time Synchronization Coverage Area or may be a subset of the Time Synchronization Coverage Area (e.g. a list of TAs) based on the latest known UE location.
· In clause 4.15.9.4, Procedures for management of 5G access stratum time distribution:
					......
If the Ntsctsf_ASTI_Create request in step 2 contains a spatial validity condition, then the TSCTSF performs the following operations:
-	For each target UE, TSCTSF checks with the stored Time Synchronization Subscription data if the spatial validity condition is allowed and determines whether the TSCTSF has subscribed for the UE presence in Area of Interest composed by the TAs list in the spatial validity condition. If not, the TSCTSF discovers the AMF(s), serving in the TAs that comprise the spatial validity condition, using the NRF discovery service (Nnrf_NFDiscovery_Request) with the list of TAs. Then the TSCTSF subscribes to the AMF(s) to receive notifications about the UE presence in Area of Interest using Namf_EventExposure operation with the corresponding event filters as described in clause 5.2.2.3. The subscribed area of interest may be the same as the spatial validity condition or may be a subset of the spatial validity condition (e.g. a list of TAs) based on the latest known UE location.
Figure 2.2.1-1 illustrates how NRF based AMF Discovery works:
Some highlights:
Step 1, when the AF sends a time sync. service request (e.g. Nnef/tsctsf_ASTI_Create/Update or Nef/tsctsf_TimeSynchronization_ConfigCreate/ConfigUpdate), it will target a list of UEs or a UE group with spatial condition - the coverage area in form of geographical description or a list of TAs, e.g. TA1, TA2 and TA3, this is the Area of Interest.
For creating a time synchronization service configuration for a PTP instance, as specified in clauses 4.15.9.2 and 4.15.9.3.2 of 3GPP TS 23.502 as below in italic:
	The Event Filter may include a list of UE identities (GPSIs) or Groups of UEs identified by an External Group Identifier that further define the subset of the target UEs. If the request does not include UE identities nor External Group Identifier, the request is targeted to any UE with a PDU Session using the DNN and S-NSSAI. The NEF forwards the GPSIs or the External Group Identifier to the TSCTSF by including them/it inside the Ntsctsf_TimeSynchronization_CapsSubscribe request.
	The AF creates a time synchronization service configuration for a PTP instance by invoking Nnef_TimeSynchronization_ConfigCreate service operation. The request includes the parameters as described in Table 4.15.9.3-1.  The request contains a Subscription Correlation ID and user-plane node ID as a reference to the target of the UEs and AF-sessions.
The TSCTSF uses the Subscription Correlation ID and user-plane node ID in Ntsctsf_TimeSynchronization_ConfigCreate to determine the target UEs and corresponding AF-sessions.
For 5G access stratum time distribution described in clause 4.15.9.4 of 3GPP TS 23.502 as below in italic, AF request is to address a SINGLE UE or a group of UEs as identified by an External Group Id:

To create a new request, the AF provides access stratum time distribution parameters to the NEF using the Nnef_ASTI_Create service operation (together with the AF identifier and potentially further inputs as specified in table 4.15.9.4-1), including a target (one UE identified by SUPI or GPSI, a group of UEs identified by an External Group Identifier. The NEF forwards the GPSI or the External Group Identifier to the TSCTSF by including it inside the Ntsctsf_ASTI_Create request.Figure 2.2.1-1.
Step 2 and 3: The TSCTSF consumes Nnrf_NFDiscovery service using TA1, TA2 and TA3 as input parameters to find AMFs serving at least one of TA1, TA2 and TA3. The NRF returns AMF1, AMF2 and AMF3 for TA1, TA2 and TA3 as example. 
Step 4 and 5: In case of External group Id is used by the AF which is most common scenario, the TSCTSF will get the corresponding Internal Group Id (NEF can do the mapping with the UDM) and use it to create a subscription towards AMFs serving the AoI, i.e. AMF1, 2 and 3, for the internal group Id.
In case the external group Id is not included, i.e. a UE or a list of UEs, the TSCTSF subscription requests for individual UEs which are not registered in the AMFs relevant for the AoI will be rejected. In this case, the TSCTSF may create the subscription for ANY_UE instead. 
The AMF1, 2 and 3 would accept the subscription if it is targeting an Internal Group or ANY_UE even there is no UE pertaining that internal group has been registered in the AMF.
Step 7: When determining if the UE is IN the AoI, the AMF1, 2 and 3 will adjust the AoI for each UE affected by the subscription according to the UE's Registration Area if "adjustAoIOnRa" indication is set to TRUE. 
So, for the subscription for a UE group, when a UE pertaining to the group enters the AoI, the AMFs (e.g. AMF1, 2 or 3) generate a notification report to the TSCTSF. 
However, for the subscription for ANY_UE, the AMF1, 2 or 3 will also generate a notification to the TSCTSF for those UEs entering the AoI but who are not relevant for time synchronization service. It is assumed that providing notification reports for UEs that are not relevant for time synchronization service should be avoided, e.g. by requesting the AF to always use an external group Id. 
Observation1: 
The use case is that the AF intends to provide time synchronization service for a list of UEs or a group of UEs (identified by External Identifier) and ONLY when these UEs are present in the Area of Interest. 
This method limits the impacts only to those AMFs serving the Area of Interest, and only when UEs enter the Area of Interest, i.e. become served by those AMF, the TSCTSF gets notifications to provide the time synchronization service. 
When the AF request is targeting UEs in an external group, which can be mapped into an Internal Group which is known by the AMFs serving Area of Interest, this method is optimal; the AMFs serving area of interest can precisely and efficiently report UE's presence in the AoI as soon as UE enters the AoI, no extra signaling.
When the AF request is not targeting a UE group (which can be identified by an external group), the TSCTSF needs to create an event subscription for Presence-In-AOI-Report event for ANY_UE in the concerning AMF(s), there will be some excessive signalling from AMFs towards the TSCTSF to report the presence of UEs that are not relevant for the requested time synchronization service. SA2 should consider some functional enhancement, e.g. requiring AF always uses an external group id or some other methods.
See also figure 2.2.3-1.
2.2.2 UDM based AMF Discovery
This method is that the TSCTSF queries the UDM about an AMF serving a specific UE, and, once the UDM provides the AMFs that are serving UEs, the TSCTSF subscribes with these AMFs to presence of UE in an AoI. See Fig. 2.2.2-1 
This method has been proposed in S2-2306229 as described below in italic:
b) 	determine the serving AMF for each of the targeted UE(s) using the UDM and subscribe to the serving AMF to receive notification about presence of the UE in an Area of Interest (as described in clause 5.3.4.4 of TS 23.501 [2]). The TSCTSF may include an "Adjust AoI based on RA" indicator in the subscription to the UE mobility event notification. An Area of Interest (AoI) for each AMF is represented by a list of TA(s), wherein the Area of Interest is identical to the requested coverage area, or the Area of Interest is a TA.
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Figure 2.2.2-1.
Step 1: when the AF sends a time sync. service request, it will target a list of UEs or a UE group with spatial condition - the coverage area in form of geographical description or a list of TAs, e.g. TA1, TA2 and TA3, this is the Area of Interest.
Step 2: TSCTSF inquires the UDM about the serving AMF (Nudm_UECM_Get) for each UE requested by the  AF  in the step 1. When the AF provides an External Group Id, it is assumed that before executing this step the TSCTSF shall request the UDM to translate the External Group Id to an Internal Group Id including the list of SUPIs members of the group using the Nudm_SDM_Get (Identity Translation, External Group Id) service operation. 
Step 3: UDM responds to the TSCTSF request by providing an id of the AMF that currently serves that specific UE. 
· A targeted UE needs to be registered in 5GC, otherwise, the response from UDM will not return a valid AMF id.
Step 4: The TSCTSF subscribes to the presence of each targeted UE in an AoI, wherein the AoI includes all TAs from the received spatial validity condition. 
· Subscription cannot be executed if the UE is not registered in 5GC
· The subscription is per UE
Step 5: Each of the AMFs determines the presence of “its” UE in the AoI
Step 6: The TSCTSF gets notified about UEs presence in the AoI and determines to activate/deactivate the requested time sync service
Finally, mind that the subscription to the notification about presence of the UE in an AoI will be configured in the AMF where the requested UEs are registered, even if those AMFs are not relevant for the AoI. This will generate notifications from those AMFs that the UEs are OUT of the AoI. Furthermore, upon inter AMF UE mobility procedure, the subscription will be passed on between AMFs where corresponding additional notifications will be generated. 
Observation 2: 
This method does not address the scenario when any UE in the list or group or UEs requested by the AF is not registered in 5GC by the time the procedure is initiated.
This method doesn't address the scenario when the AF is targeting an external UE group clearly. 
Additionally, the method requiring TSCTSF to determine the serving AMF for each of the targeted UE(s) using the UDM results in excessive signalling, especially contacting the UDM for each UE within a UE group leads massive signalling, i.e. it imposes an extra signaling load between TSCTSF and UDM as the request for the id of the serving AMF is executed on per UE basis (Step 2). This extra signaling load is added on top of the signaling load between TSCTSF and the AMFs to subscribe to the presence in an AoI which is also executed on a per UE basis (Step 4) and eventually configured in AMFs and forwarded between AMFs which are NOT relevant for the AoI.
And those massive signalling have no value since:
· many of these targeted UEs or UEs pertaining to the UE group are likely outside the Area of Interest, it can't be estimated when these UEs enter the Area of Interest, all AMFs serving those UEs which are not serving the AoI are forced to be subscribed for Presence-in-AoI-report event where the UEs are deemed to be OUT of the AoI, this wastes resources of these AMFs and leads to extra signalling;
· what even worse is that in some cases, UE may NOT be registered in 5GS in the UDM at all, i.e. TSCTSF cannot get any serving AMF information from the UDM. In such case, what should TSCTSF do with these UEs, should it set a timer and check with UDM time to time if the UEs become registered? This is far too expensive and complex. 
· Furthermore, AMF registration in UDM may not be reliable in same cases, e.g. the UE context may be deleted in the AMF while it is not updated in the UDM.

See also figure 2.2.3-1.
2.2.3	Evaluations


Figure 2.2.3-1
The use case is that the AF intends to provide time synchronization service for a list of UEs or a group of UEs (identified by External Identifier) and ONLY when these UEs are present in the Area of Interest. 
When those UEs are outside the AoI as illustrated below, the network shall not allocate any monitoring resource preferably, e.g. finding the serving AMF which is continuously changing, and creating an event subscription in that AMF, generate useless OUT report, in some cases, UEs may never enter the Area of Interest. 
In the following figure, UE1 is moving around in the PLMN, there is no need to allocate any monitoring resource until UE1 enters Area of Interest. 
Also considering possible deployment for time synchronization service in 5GS where a few AMFs are likely deployed specifically for time synchronization service ONLY in certain area (e.g. industry area).
Method#1 takes such spirit though there is still some room for improvement. See further in observation 1.
Method#2 results in even more signalling with respect to Method#1, and there are also some technical difficulties e.g. when UE is not registered in 5GC, or when AMF registration in UDM is deprecated. See further in observation 2.
3. Proposal
[bookmark: _Hlk61529092]It is proposed to agree that method#1 is the way forward for the issue and indication this in the LS response to SA2.
4. Reference
· 3GPP TS 23.501 v18.2.2 
· 3GPP TS 23.502 v18.2.0
· 3GPP TS 29.518 v18.2.0 
· 3GPP TS 29.510 v18.3.0
· S2-2306229.
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4. The TSCTSF consumes Namf_EventExposure service towards AMF1, AMF2 and AMF3 to subscribe the Presence-In-AOI-Report event for the UE group XYZ, to get Notification when any UE pertaining the group enters the AoI (TA1, TA2 and TA3) or the subscription is set to for ANY_UE in case of a specific UE1 is requested.
6. When any UE pertaining to the UE group XYZ enters the AoI
7. The AMF1, or AMF2, or AMF3 sends a notification request to the TSCTSF to report a UE pertaining to the UE group XYZ entered the AoI. The TSCTSF acknowledges the request.
8. The TSCTSF determine to provide time sync service (either gPTP based or ASTI based) to the UE as specified in clauses 4.15.9.3.2 or 4.15.9.4 of TS 23.502.
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