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Abstract of the contribution: This paper discusses the issue on the relation between time synchronization coverage area and UE’s RA and give the proposal.
1. Discussion
In TR 23.700-25 conclusions for KI#2, it has been stated that 
“In order to track the UE moving in and out of Time Synchronization coverage area at a TA granularity, the Registration Area (RA) shall only include TAs either inside or outside of the Requested Coverage Area the AF requested for Time Synchronization. This ensures the UE performs Registration update with the network when the UE moves in and out of Requested Coverage Area.” 
In the 23.501 clause 5.27.1.11 (Controlling time synchronization service based on the Subscription), there is an EN related to this.
Editor’s Note:  How to ensure that the Time Synchronization Coverage Area and the Registration Area consist of the same is FFS.

In the last meeting, there are several TDOCs on this topic are postponed.
In the S2-2300318, it lists several potential candidate solutions for this issue.

Option #1: AFs are aware of UE’s RA. 

In such cases, AFs within the operator’s trust domain, when requesting a time sync service for a specific area, use TA(s) that completely describe an RA; AFs outside the operator’s trust domain use a geographical area that completely coincides with a RA. In both cases, there is an agreement in place between the 5G network and a consumer network.
In this solution, there is a very strong assumption, AF is aware for the UE’s RA even the AF is outside of trust domain. In the SA2#154AH, the majority do not prefer this way forward.
Observation 1: Option 1 is not considered.

Option #2: An RA is modified (i.e., TA(s) are included/excluded) depending on TAs in the Spatial Validity Condition provided by an AF requesting a time sync service for a specific area.

Option 2 is align with the existing TR conclusion and approved text in the 23.501 clause 5.27.1.10 (v18.0.0). However, some companies believe:
This option has a significant impact on AMFs and networks as such. Specifically, RA formulation takes into the account various aspects, e.g., UE mobility aspects and behavior, a balance between NAS mobility signalling and CN paging cost, etc. Furthermore, if the RA change is imposed, it further impacts the formulation of an RNA, a periodic RNA update, RAN paging cost, etc. Consequently, the enforcement of RA based on a Spatial Validity Condition requested by an AF brings excessive complexity on the 5G network (signalling balance in particular) and might impact other applications and services.
Observation 2: Option 2 need to be further considered.

Option #3A: TSCTSF restrains/expands a TA list based on the existing RA.

An AMF needs to report the existing RA to the TSCTSF, and then the TSCTSF makes a decision which TA(s) needs to be included/excluded for a time sync service with the provided Spatial Validity Condition. An RA remains unchanged.

Comparing with option 3B, the Option 3A is quite complex and does not resolve the issue discussed in the TR phase, i.e. “In order to track the UE moving in and out of Time Synchronization coverage area at a TA granularity”.

Observation 3: Option 3A is not considered.

Option #3B: AMF restrains/expands TAs that it will use for reporting UE’s Presence in an Area of Interest. An RA remains unchanged. 

The TSCTSF invokes the subscription to UE’s Presence in AoI with AMF using TAs from the TA list constituting the Spatial Validity Condition, but the AMF decides, if required, which TAs to add/remove based on the RA.

Option #4: An RA may include TAs not in the Spatial Validity Condition.

In this case, the UE may continue receiving a time sync service even if it move out of the TAs in the Spatial Validity Condition while being in RRC_IDLE
. However, as soon as the UE moves to RRC_CONNECTED, the AMF detects that the UEs in outside the AoI and reports this to the TSCTSF.

The option 4 is the original TR conclusion before option 2 is approved in the TR conclusion. In the option 4, the RA and TA in the Spatial Validity Condition are decoupled. 
The Option 4 and Option 3B are somewhat similar. The same parts are:
· The RA remains unchanged in both solution.
· The TSCTSF subscribes to UE’s Presence in AoI with AMF using TAs constituting the Spatial Validity Condition
The difference is there are some additional extension in the solution 3B:
· the AMF may add/remove TAs (is sent to NG-RAN for location report) based on the RA of UE.
· The AMF report UE’s presence in an AoI using the Namf_EventExposure_Notify and includes TA(s) used to constitute the AoI for reporting.
· Based on the received notifications, the TSCTSF determines (1) whether the AF Requested Coverage Area has been restrained/expanded and (2) whether the UE(s) is present in that area.
Observation 4: The option 3B seems to optimize the option 4. But the additional benefit/gain is unclear. 
If the UE is in the RRC_CONNECTED, both option 4 and 3B can work. But if the UE is in the idle mode, there is a common issue scenario for both option 4 and 3B:
· The idle UE move from TA-1 (not in the Spatial Validity Condition) to TA-2 (in the Spatial Validity Condition) within the same RA of the UE.
In this scenario, the UE cannot get the time even the UE is in the allowed time sync area. When the UE moves to RRC_CONNECTED, the issue is resolved.
(Even for the option 2, the same issue does exist. Example, there are two TA, TA-1, TA-2 in the UE’s RA. The allowed area includes the TA-1 and TA-2. The UE is in RRC connected mode under the cell in the TA-1 and get time via SIB/RRC. Later on, the UE move into idle mode, and move to the new cell in the TA-2. If the ATSI is not activated in the TA-2, the existing mechanism cannot enable the NG-RAN to provide time via the SIB)

So it proposes to focus on the option #2 and #4 for further consideration.
Proposal 1: Option #2 and #4 can be further considered.

	
	Pros
	Cons

	Option 2
	Can track UE moving in/out of Time Synchronization coverage area.
	Significant impact on AMFs and networks on RA determination.

	Option #4
	Compatible with existing RA determination
	Cannot track the idle UE. In some case, the idle UE cannot get the time in the allowed area.


It seems option #4 is easier for existing network with tolerable defect.
As the compromise, the option#2 can be applied according to the operator’s policy/configuration.
2. Proposal

Proposal 1: Option #2 and #4 can be further considered.

The CR S2-2302721 and S2-2302722 reflect the option-2.

The CR S2-2302723 reflect the option-4.

It depends on the meeting discussion which option is selected, or both are selected.
�Not correct.
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