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Introduction

SA2 requests CT4 feedback on methods of how the TSCTSC can discover and subscribe to AMFs serving an Area of Interest (AoI) for network timing synchronization services. See S2-2308233.


Discussion

Terminology: "Bulk subscription" further down refers to AMF event exposure subscriptions targeting ANY UE or a group of UEs.

1) TRS_URLLC requirements

Clause 5.27.1.10 (Support for coverage area filters for time synchronization service) of TS 23.501 specifies:

This feature enables the AF to request time synchronization service for a UE or a group of UEs in a specific geographical area (so called coverage area). The requested coverage area contains a list of Tracking Area (TA) or a geographical area (e.g. a civic address or shapes that the NEF transforms to list of TAs based on pre-configuration).
Accordingly, the TSCTSC shall be able to determine: 

 	1) when a UE, or UEs from a group of UEs, are located within or outside (and enter or leave) a time synchronization coverage area comprising a list of TAs where UEs shall be provisioned with clock timing information.

 	2) the UEs impacted by gNB’s timing synchronization status change (i.e. degradation, failure or improvement). 

For 1), SA2 considers the following alternatives for AMF discovery and subscription by the TSCTSF: 

a) [bookmark: _Hlk138062298][bookmark: _Hlk138057694][bookmark: _Hlk131777760]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. […]

b) [bookmark: _Hlk138057705]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). […]
For 2), TS 23.501 specifies:

-	For gNB case, when the TSCTSF receives information about timing synchronization status change, the TSCTSF discovers the AMFs serving the impacted gNBs and subscribes to receive notifications for UE’s presence in Area of Interest information. The Area of Interest is set to the scope of the timing synchronization status (i.e., a gNB ID or a group of cells within the gNB specified with a list of Cell IDs that has reported status degradation (i.e. the pre-configured thresholds are exceeded in the gNB) from AMF as described in clause 5.3.4.4. The subscription is targeted to any UE in the AMF. The TSCTSF correlates information about impacted gNBs and the UE location information received from the AMF. If the gNB notifies the TSCTSF for the status improvement (i.e. the pre-configured thresholds are met in the gNB), the TSCTSF modifies the subscription to remove the corresponding Area of Interest from the subscription.

Note that for 2), an AMF profile registered at the NRF does not indicate the gNBs served by the AMF. It is assumed that timing synchronization status change signalling sent towards the TSCTSF will include information enabling the TSCTSF to determine the AMFs serving the impacted gNB, e.g. the AMF Set ID of the AMF transferring the signalling to the TSCTSF. 

2) Current AMF behavior for AMF event subscriptions 

TS 29.518: 

Event: Presence-In-AOI-Report
	A NF subscribe to this event to receive the current present state of a UE or a group of UEs or any UE in a specific Area of Interest (AOI), and notification when a specified UE enters or leaves the specified area. The area could be identified by a TA list, a NG-RAN node ID list, a cell ID list, an area ID or specific interested area name like "LADN".
	For one-time reporting or for the first notification of Continuously reporting, the AMF shall generate the notification as following:
-	when the event subscription is targeting a UE or a group of UEs, the AMF shall report the current presence status of the target UE(s);
-	when the event subscription is targeting any UE, the AMF shall only report the UEs that are "IN" the Area of Interest (AOI); if no UE is currently "IN" the Area of Interest (AOI), the AMF shall generate a report only including the AnyUe indication (without any UE ID) and the subscribed AOI with the presence status set to "IN". The NF consumer should consider other UEs served by the AMF are "OUT" of the AOI or with "UNKNOWN" state.
	In subsequent notifications, the AMF shall only report the UE(s) whose presence status has changed compared to the previous notification sent by the AMF.
AMF event exposure subscriptions are handled as described in the table below.

	AMF subscription targeting …
	One UE


	A group of UEs

	Any UE



	Target identification 
	UE's supi, gpsi, pei
 
	 Internal Group ID
	anyUE boolean

	Serving AMFs
	The target UE is served by one AMF instance of one AMF set.
 
	The target UEs are served by one or more AMF instances of the same or different AMF sets.


	Subscription shall be created at 
	The AMF instance serving the target UE. (NOTE 1).

The subscription is rejected if the UE is not served by any AMF instance of the AMF set.
 
	Every AMF instance of every AMF set serving the AoI. (NOTE 2). 

Subscription request is accepted at the AMF instance even if this instance does not serve yet any target UE (NOTE 3).


	Inter-AMF mobility 
	The subscription is transferred to T-AMF.
	The subscription remains at S-AMF, but another subscription is created at T-AMF (if not already existing).
	The subscription is not transferred to T-AMF.

	NOTE 1: The subscription request can be redirected (or forwarded) to the AMF instance in the AMF set serving the UE if the request is received at a different AMF instance of the AMF set. 
NOTE 2: See clauses 4.15.3.2.4 and 4.15.3.2.2 from TS 23.502 quoted below the table.
NOTE 3: This should be stated explicitly in TS 29.518.





 TS 23.502:

Clause 4.15.3.2.4 (exposure with bulk subscription)

When the NEF performs bulk subscription (subscribes for any UE (i.e. all UEs), group of UE(s) (e.g. identifying a certain type of UEs such as IoT UEs)), it subscribes to all the NFs that provide the necessary services (e.g. In a given PLMN, NEF may subscribe to all AMFs that support reachability notification for IoT UEs). Upon receiving bulk subscription from the NEF, the NFs store this information. Whenever the corresponding event(s) occur for the requested UE(s) as in bulk subscription request, NFs notify the NEF with the requested information.

Clause 4.15.3.2.2 (for subscriptions to AMF events via UDM):

The UDM sends the Namf_EventExposure_Subscribe request to all serving AMF(s) (if subscription applies to a UE or a group of UE(s)), or to all the AMF(s) in the same PLMN as UDM (if subscription applies to any UE). The UDM stores the subscription even if the target UE or group member UE is not registered at the time of subscription.

  
3) Evaluation of the Alternatives proposed by SA2

Alternative a)

Alternative a) requires the TSCTSF to discover all the AMF instances serving the coverage area (list of TAIs) and to create a bulk subscription at each of these AMF instances, including every AMF instance of every AMF set serving (part of) the coverage area.

It should be noted that the NRF may not return the complete list of NF instances matching the query parameters in an NF Discovery response, e.g. due to the maximum payload size. The NRF and the NRF consumer may support the following optional features to allow the NRF consumer to retrieve the complete list of NF Instances from the NRF: 
 
· The NRF may store the complete search result and provides a Search Id in the NF Discovery response that can be queried by the NRF consumer to retrieve the complete search result.

· Using the enhanced NF Discovery procedure, the NRF may return NF instance IDs, rather than NF profiles, in the NF Discovery response. The NRF consumer subsequently retrieves the NF profiles it has not already cached using a subsequent NF Discovery procedure.

Alternative a) requires at least one of the above options to be supported by the NRF and the TSCTSF. 

It would help to have an explicit indication in the NF Discovery Request that the NRF consumer wishes to retrieve all the NF profiles matching the query parameters as otherwise the NRF may return only a subset of candidate NFs.

It can also be noted that no tai-list query parameter exists to request the NRF to return NFs supporting at least one TAI among a list of TAIs. Without such a parameter, the TSCTSF needs to do an NF Discovery request with one single TAI of the coverage area, check whether the returned AMF profiles indicate support the other TAIs of the coverage area, and if not, initiate new NF Discovery request(s) to discover AMFs supporting the other TAIs of the coverage area.

Alternative a) then requires the TSCTSF to create a bulk subscription at every AMF instance (of the same or different AMF set) serving the TAIs. Since new AMFs may be added to the AMF sets later on, the TSCTSF also needs to subscribe to the NRF to be notified about new AMFs being added to the AMF sets, and to create a bulk subscription at these new AMF instances. Besides, since an AMF instance may fail/restart, it is assumed that the bulk subscription created at a restarted AMF instance may be lost and accordingly, the TSCSCF should also monitor when an AMF instance restarts (using procedures defined in TS 23.527) and re-creates the bulk subscription at a restarted AMF instance. 
 
Bulk subscriptions for "ANY UE" would result in the AMF instances monitoring and reporting change of presence of any UE in the AoI, including UEs not concerned by time synchronization services, which may result in significant useless processing and signaling in the 5GC.


Alternative b)

Alternative b) requires the TSCTSF to discover, for each UE using time synchronization service, the UDM serving the UE, to obtain the serving AMF from UDM, and then to create a subscription targeting the UE at the serving AMF.

In this alternative, event reports are sent to the TSCTSCF only for the intended UEs.

Upon failure and restart of an AMF instance, the event exposure subscription for a target UE is expected to be taken over by another AMF instance of the AMF set, transparently for the TSCTSF.

Comparison / Summary
 
	
	Alternative a)

	Alternative b)



	Translating External Group ID into Internal Group ID and/or list of individual UEs  
(NOTE 1) 
	For AF requests targeting an External Group ID:
- 1 NF Discovery to discover UDM supporting the External Group ID.
- 1 query to UDM to translate the External Group ID into the Internal Group ID and individual UEs.

	AMF Discovery 
	1 or more NF Discovery Request(s) to discover every AMF instance of every AMF sets.

Requires support by NRF and by TSCTSF of NF Discovery options enabling to retrieve all NF instances matching query parameters.

TSCTSF has to subscribe to NRF to be notified about new AMF instances being added to AMF sets, and to create a bulk subscription also to the new AMF instances.

	Per UE:
- 1 NF Discovery to discover UDM serving the UE (NOTE 2)
- 1 query to UDM to retrieve serving AMF

	Subscription to AMFs 
	Per AMF instance of every AMF set serving (part of) the coverage area: 
- 1 bulk subscription targeting the group of UE or any UE 

TSCTSF has to monitor when an AMF instance restarts and re-create the bulk subscription at a restarted AMF instance.
	Per UE: 
- 1 subscription at the serving AMF targeting the UE



The subscription is taken over by another AMF instance of the AMF set upon a failure/restart of an AMF instance where the subscription was created, transparently for the TSCTSF.


	Inter-AMF mobility 
	An "Any UE" subscription remains at the AMF instance where the subscription was created.

A "Group of UEs" subscription remains at the AMF instance where the subscription was created but is also created at the target AMF.
	A subscription to a target UE is transferred to the T-AMF. 

	Presence-In-AOI-Reports sent by AMFs
	For any UE subscription: 
AMFs in the coverage area send event reports for ANY UE including UEs not concerned by time synchronization services.

For group of UEs subscription: 
AMFs send event reports only for the intended group of UEs.
	AMFs send event reports only for the intended list of UEs.

	NOTE 1:	If the AF provides an External Group ID to identify UEs subject to time synchronization services, the TSCTSF needs to discover the UDM supporting the External Group ID using the NRF and query this UDM to translate the External Group ID into the Internal Group ID and/or list of individual UEs (see Nudm_SubscriberDataManagement service in TS 29.503, clause 5.2.2.2.14 Group Identifier Translation).
NOTE 2:	The TSCTSF caches the discovered UDM profiles. So this discovery request is needed only if no cached UDM profiles can serve the UE.



In principle, both alternatives can be used and which one is preferable may depend on deployment and service-related factors e.g. 
· whether an AF request targets a specific UE or a group of UEs and, in the latter case, the number of UEs in the group; 
· the number of AMF instances deployed in AMF sets; 
· whether the NRF and TSCTSF support the NF discovery options enabling to retrieve all the NFs matching query parameters; 
· the size of the AoI and whether the AoI can be accessed by UEs not concerned by time synchronization services or can only be accessed by UEs subject to time synchronization services e.g., using e.g. CAG.

Bulk subscriptions to Any UE can cause intensive processing and event reporting signaling in the 5GC (since the change of presence of any UE IN or OUT of the AoI would result in event reporting) and so should be used with great care. Subscriptions targeting specific UEs or group of UEs should be preferred in general.

Bulk subscriptions to AMFs put some burden on the TSCTSF to create bulk subscriptions at every AMF instance of every AMF sets, then at new AMF instances being deployed in AMF sets and also at restarted AMF instances.


4) Possible enhancements for Rel-18 

The following enhancements can be considered to alleviate some of the issues identified above.

4.A	NF Set level event exposure bulk subscriptions to AMF
 
· an NFc could indicate in a bulk subscription creation request to an AMF its preference to create a NF Set level event exposure bulk subscription; 
· the AMF would indicate in the subscription creation response whether the event exposure bulk Subscription was created with NF Set level scope instead of NF Instance level scope:
· In the former case a single Event Exposure bulk Subscription would be applicable for the whole AMF Set:
· The bulk Subscription resource would be applicable throughout the AMF Set and it would be possible to Update or Delete the bulk subscription via any AMF Instance in the AMF Set.
· The bulk Subscription would be considered available even when the AMF Instance via which the subscription was created fails/restarts.

· In the latter case the exposure bulk Subscription is handled as per existing description:
· The bulk Subscription resource is applicable only for the specific AMF Instance.
· The bulk Subscription should be considered lost even when the AMF Instance via which the subscription was created fails/restarts
With the above enhancements, the TSCTSF (or AMF Event Exposure consumer more generally) would only need to discover only one AMF instance of every AMF set serving the AoI (so no longer requiring the NRF and TSCTSF to support NF Discovery options to retrieve the complete list of AMF instances). The TSCTSF would not need either to monitor the deployment of new AMF instances in AMF sets nor the failure/restart of AMF instances, thus making the AMF event exposure service much more user-friendly to the TSCTSF and minimizing the signaling to create bulk subscriptions at the AMFs.

4.B	Defining a new "full-search" query parameter providing an explicit indication in NF Discovery Request that the NRF consumer wishes to obtain the complete list of NFs matching the query parameters.

A new "full-search" query parameter indicating that all producers satisfying the query parameters are requested be discovered would allow the NRF to know e.g. when it should store the complete search result, or when it should prioritize the inclusion of NF instance IDs rather than NF profiles in the NF Discovery response (using the existing Enhanced NF Discovery procedure). 

4.C	Defining a new tai-list query parameter in NF Discovery Request that enables to retrieve NFs (AMFs) serving at least one TAI of a list of TAIs.

This would allow to retrieve all AMF instances serving any part of the time synchronization coverage area in one single NF Discovery request.


Conclusion

Both alternatives a) and b) can be used by the TSCTSF to discover and subscribe to AMFs, and which one is preferable may depend on deployment and service-related factors. It is recommended to standardize both alternatives.

Bulk subscriptions to Any UE can cause intensive processing and event reporting signaling in the 5GC and so should be used with great care. Subscriptions targeting specific UEs or group of UEs should be preferred in general.

It is proposed to respond accordingly to SA2. A Draft Reply LS is proposed in C4-233161.

It is also proposed that CT4 discusses the possible enhancements for Rel-18.  

Last but not least, it should be clarified in TS 29.518 that an AMF instance shall accept a bulk subscription request (i.e. subscription to any UE or a group of UEs) even if the AMF instance does not serve yet any target UE. This clarification is specified in C4-233189. 
