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[bookmark: _Hlk99049711]Abstract of the contribution: This paper addresses all three Editor's notes and provides clarifications for Solution 7.

1.	Discussion
1.1	Overview
TR 23.700-25 includes three Editor's notes for Solution 7. The following sections discuss them and propose a resolution. Furthermore, the provide clarifications and changes to the solution due to ambiguity and the resolution of the Editor’s notes.
1.2	Mapping of AF-provided geographical area information into 3GPP identifiers
There are two Editor’s notes about that. 
In clause 6.7.2: 
Editor’s Note: Whether TSCTSF also needs to provide mapping is FFS.
In clause 6.7.3.1:
Editor's note:	Whether TSCTSF or trusted AF provides the mapping is FFS.
It is important to emphasize that an AF-requested coverage area needs to be converted into a specific location within 3GPP system. For that purpose, Area of Interest (AoI) concept can be exploited. An AoI, as it has been specified in clause 5.3.4.4 of TS 23.501 [2], can be represented by a list of Tracking Areas, list of Cells or list of (R)AN node identifiers. Depending on whether the AF making a request is considered to be within or outside the operator’s domain, two cases can be distinguished:
1) AFs within the operator’s domain will have Tracking Area(s) and Cell(s) pre-configured (as it was agreed at SA2#150E). Therefore, such AFs may use Tracking Areas and Cell identities directly (i.e., without any translation/mapping at any intermediate NF) to formulate a spatial validity condition for a Requested Coverage Area. 
2) AFs outside the operator’s domain shall not be aware of 3GPP identifiers and specific location areas (neither tracking areas nor cells). Therefore, such AFs may use a geographical area (e.g., a civic address or shapes) to formulate a spatial validity condition for a Requested Coverage Area. However, this information must be transformed into 3GPP format (i.e., into Tracking Area or Cell identities). This functionality is currently assigned to a Network Exposure Function (NEF), “If the AF provides a geographical area as spatial validity condition, it is up to the NEF to transform this information into 3GPP identifiers (e.g. TAI(s))” as per clause 4.15.6.10 of TS 23.502. Hence, the allocation of such mapping also to TSCTSF would create the duplication of the mapping functionality. 
Proposal 1: Clarify in Solution 7 that AFs within the operator’s domain formulates a spatial validity condition for a Requested Coverage Area using a list of Tracking Area or Cell identities, but AFs outside the operator’s domain use a geographical area (e.g., a civic address or shapes) instead while NEF transforms this information into a list of Tracking Area or Cell identities.
An alternative approach would be to move the mapping functionality from NEF to TSCTSF. In that case, first, AFs within the operator’s domain could use a geographical area to formulate a spatial validity condition, however, it is unclear what could be a reasoning and advantages to do so, if the mapping into TA(s) or Cell(s) is still required; second, an NEF, when the service is invoked by AFs outside the operator’s domain, would need to pass a geographical area information to the TSCTSF for the mapping. However, the mapping functionality is required also for other non time-sync related services and procedures.
Proposal 2: Clarify in Solution 7 that even AFs within the operator’s domain may formulate a spatial validity condition using a geographical area (e.g., a civic address or shapes) as it is done for AFs outside the operator’s domain. In both cases, this information is delivered (directly or via the NEF) to the TSCTSF where the required mapping is performed.
Considering the aspects stated above, it is proposed to move forward with Proposal 1. The description of Solution 7 is modified accordingly, and these two Editor’s Notes are removed.

1.3	Enable/Disable 5G access stratum time distribution based on RAN report of AoI
There is one Editor’s note about whether to enable/disable 5G access stratum time distribution for UE(s) based on RAN report of AoI in clause 6.7.2: 
Editor's note:	Whether to enable/disable 5G access stratum time distribution for UE(s) based on RAN report of AoI is FFS.
Considering Rel-16 and Rel-17 specification for enable/disable access stratum time distribution at the NG-RAN node, different cases are already supported in the specification:
-	UE notifies its preference for ReferenceTimeInformation provisioning via RRC signaling to the NG-RAN node using UEAssistanceInformation. The NG-RAN node can enable/disable ReferenceTimeInformation delivery to the UE based on the Boolean.
-	AF requests time synchronization as a service (de)activation, either for (g)PTP time distribution based or access stratum time distribution based configuration, the TSCTSF is responsible of configuring the time synchronization service. When the service is (de)activated, the TSCTSF will update ReferenceTimeInformation provisioning to the UE via the AMF using AM Policy modification. The AMF provides the access stratum indication (e.g., enable, disable) and the Uu time synchronization error budget (if available) to the NG-RAN node. 
Using TAs (comprising AoI) in Rel-18 for the configuration of time synchronization as a service, another scenario can be considered where the presence of the UE inside/outside the Requested Coverage Area determines if the time synchronization service is enabled/disabled. For (g)PTP time distribution based service, the TSCTSF needs to be involved to properly configure the service (i.e., transfer PMIC(s)/UMIC to DS-TT(s)/NW-TT). However, for access stratum time distribution, if there is no Uu time synchronization error budget update involved in the service configuration, the TSCTSF could be skipped. That is, we could consider two alternatives for enabling/disabling 5G access stratum time distribution based on the spatial validity condition received from the AF:
1)	TSCTSF controls enabling/disabling access stratum time distribution based on the notified UE(s) presence in an AoI from AMF. To do so, the TSCTSF is subscribed to presence in AoI at the AMF. Once the TSCTSF receives notifications regarding UE(s) presence in AoI, it will proceed with the (de)activation of access stratum time distribution sending the indication to the AMF.
2)	AMF directly enables/disables access stratum time distribution based on NG-RAN report of AoI for a UE. In this alternative the TSCTSF is not required to indicate to the NG-RAN node if ReferenceTimeInformation should be provided or not to the UE. Still the TSCTSF may be subscribed to notifications regarding UE(s) presence in an AoI at the AMF and/or access stratum time distribution updates if needed (e.g., to further notify the AF the time synchronization status).
Comparing both alternatives in terms of signaling, both will have a similar signaling load in the 5GC, as for 2) still the TSCTSF may be subscribed to ASTI updates or UE’s presence in AoI. For example, the TSCTSF may need to notify the AF the UEs have deactivated the ASTI configuration because it is outside of the configured AoI. Note from AMF perspective, the AMF is not aware if the time synchronization service the UE has active is based on (g)PTP or ASTI. For (g)PTP case, even if the AMF can directly enable/disable the service, the TSCTSF needs still the report of the UE’s presence in AoI to control (g)PTP operation at the NW-TT/DS-TT(s). Considering the NF’s supported features for all time synchronization scenarios, alternative 1) clearly defines the same role of the TSCTSF and AMF for both (g)PTP or ASTI methods as the TSCTSF is still the central NF that is responsible of time synchronization service configuration, and it is a consumer of UE’s presence in AoI. Hence, alternative 1) can simplify the time synchronization service maintenance and configuration when AoI is added as additional criteria to modify the service within the 5GS.
Proposal 3:  For Solution 7 the TSCTSF is the only NF that can initiate enabling/disabling access stratum time distribution based on UE’s presence in AoI using the AMF’s reports.

2.	Text proposal
[bookmark: _Hlk99049743]In line with the proposals made in the previous clause, it is proposed to agree the following changes to TR 23.700-25:
>>>> Start of Changes <<<<
[bookmark: _Toc101421732]6.7.1	Introduction
This solution is proposed to solve Key Issue #2: Time synchronization service enhancements. In this Key Issue, the coverage area is taken into account for the configuration of the time synchronization service. Therefore, this solution addresses the time synchronization service scenarios already supported in 5G Release-17 based on access stratum or (g)PTP time distribution methods.
[bookmark: MCCTEMPBM_00000028]This solution proposes to use a list of Tracking Areas (TAs) identified by a list of Tracking Area Identities (TAI) or a list of Cells list to describe a specific geographical area (a so-called Requested Coverage Area) where an AF requests to enable a time synchronization (TS) service. Furthermore, in order to enforce that the requested TS service is enabled for UEs (a specific UE or a group of UEs) only in that Requested Coverage Area, the proposed solution exploits the 5GS functionality (provided by the AMF) of tracking and reporting "UE mobility on Area of Interest" events (clause 5.3.4.4 of TS 23.501 [2]). An Area of Interest (AoI) for each AMF is represented by athe list of TA(s) or by a list of Cells list, wherein the Area of Interest is identical to the Requested Coverage Area or the Area of Interest is a TA or cell subset of the Requested Coverage Area.
[bookmark: _Toc101421733]6.7.2	Functional Description
The existing time synchronization exposure procedures (clause 4.15.9 of TS 23.502 [3]) are enhanced.
The following principles are proposed to enable the use of coverage area for time synchronization service operation:
-	An AF may optionally include spatial validity condition (i.e.a Requested Coverage Area within the timing synchronization service request using a spatial validity condition.
-	As a spatial validity condition, Tthe AF may use a geographical area provide as spatial validity condition (e.g. a civic address or shapes), or area(s) of interest (AoI), or a TAI/Cell list (if it is an AF within the operator's domain, it will have TA(s) or Cell(s) configured):
-	If the AF uses a geographical area as a provides spatial validity condition, the NEF/TSCTSF transforms this information into 3GPP identifiers (e.g., TAI(s) or Cell(s))maps the spatial validity to validity area(s) ( based on pre-configuration). Later, the TSCTSF discovers the AMF(s) serving the TAs/Cells comprising Area(s) of Interest or PCF determines the area(s) of interest based on validity area(s). The TSCTSF or AMF subscriptions use aArea of Iinterest that may be the same as the Requested Coverage Areaspatial validity condition or may be a subset of TAs/Cells from the list of TAs/Cells describing the Requested Coverage Areathe spatial validity condition (e.g. a list of TAs, or Cell list) based on the latest known UE location.
-	If the AF is within the operator’s domain, it uses provides a AoI, the NEF/TSCTSF/trusted AF maps the information to a list of TAs or a list of Cells directly (based on pre-configuration) to formulate the spatial validity condition for the Requested Coverage Area list.
Editor's note:	Whether TSCTSF also needs to provide mapping is FFS.
-	TSCTSF uses Location or UE presence in Area of Interest services at the AMF Event Exposure service (Namf_EventExposure operations) to identify the UE(s) to which the AF request with a Requested Coverage Area applies. The TSCTSF subscribes to this information at the AMF(s), and stores it, and determines the UE(s) presence in the Requested Coverage Area using the notification(s) from one or multiple AMFs.
-	Requested Coverage Area will be used at the TSCTSF for triggering time synchronization service activation/modification/deactivation with the following differences: (1) the TSCTSF discovers the AMF(s) serving in the Tracking Areas (TAs) comprising the Requested Coverage Area; (2) the TSCTSF subscribes (using the Namf_EventExposure_Subscribe service operation specified in clause 5.2.2.3.2 of TS 23.502 [3]) to the UE mobility on Area of Interest event notification service from the AMF(s) to be notified the UE(s) presence in an Area of Interest for each AMF (e.g. UE location is IN or OUT an Area of Interest); (3) the TSCTSF determines (based on the notification from the AMF(s)) whether or not the targeted UE(s) are inside the Requested Coverage Area; and (4) the TSCTSF proceeds with the time synchronization service activation/deactivation only after the TSCTSF has determined which of the targeted UE(s) are in or out of the Requested Coverage Area. The subscription to reports of UE presence in the Area of Interest procedure is described in clause 5.3.4.4 of TS 23.501 [2].
-	For access stratum distribution activation/deactivation, the TSCTSF will enable/disable ReferenceTimeInformation delivery to the UE at the serving NG-RAN node reusing the procedure in clause 4.15.9.4 of TS 23.502 [2]. For (g)PTP distribution activation/deactivation, the TSCTSF will modify the PTP instance configuration by means of sending a PMIC to the impacted UE/DS-TT and UMIC to the UPF/NW-TT, as described in clause K.2.2 of TS 23.501 [2].
Editor's note:	Whether to enable/disable 5G access stratum time distribution for UE(s) based on RAN report of AoI is FFS.
[bookmark: _Toc101421734]6.7.3	Procedures
[bookmark: _Toc101421735]6.7.3.1	Procedure for AF requested (g)PTP timing synchronization with Requested Coverage Area
An overall procedure for AF providing coverage area filter(s) for (g)PTP based time synchronization service is illustrated in Figure 6.7.3.1-1.




Figure 6.7.3.1-1: (g)PTP time distribution configuration with Requested Coverage Area
1.	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 in TS 23.502 [3] and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g., a civic address or shapes)spatial validity, or area(s) of interest, or a list of TA(s), or a list of Cells list.
2.	The NEF authorizes the request. If the AF uses a geographical area as a spatial validity condition, the NEF transforms this information into a list of TA(s) or a list of Cells based on pre-configuration. The list of TA(s) or the list of Cells describes the Requested Coverage Area.
	The AF within the operator’s domain shall use a list of TA(s) or a list of Cells directly to formulate a spatial validity condition describing the Requested Coverage Area.
3.	After successful authorization, the NEF invokes the Ntsctsf_TimeSynchronization_ConfigCreate service operation with the corresponding TSCTSF, with the parameters as received from the AF.
	The AF that is part of operator's trust domain may invoke the services directly with the TSCTSF.
3.	If the AF provided spatial validity, the TSCTSF maps the information to areas of validity based on pre-configuration, then the TSCTSF determines area(s) of interest based on validity area(s) and the corresponding list of TA(s) or Celllist.
Editor's note:	Whether TSCTSF or trusted AF provides the mapping is FFS.
4.	TSCTSF determines whether the TSCTSF has subscribed for the UE presence for an area that is indicated in the TAs or Cell IDs in the spatial validity condition. If not, Tthe TSCTSF discovers the AMF(s), serving in the Tracking Areas (TAs or serving the Cells) that either comprise the spatial validity condition, using the NRF discovery service (Nnrf_NFDiscovery_Request) with the list of TAs or the list of Cells, respectively.
5.	The spatial validity condition (or the area(s) of interest condition) for the UE(s) is resolved at the TSCTSF. In order to do that, the TSCTSF subscribes to the AMF(s) to receive notifications about the UE presence in an area of interest (or UE location) using Namf_EventExposure operation. The subscribed area of interest may be the same as the Requested Coverage Area specified by the spatial validity condition (i.e. Requested Coverage Area) or may be a subset of the Requested Coverage Area (e.g. a list of TAs, or cell list) based on the latest known UE location.
6-7.	The AMF(s) track the UE's location to determine the UE's presence in an Area of Interest as described in clause 4.15.4.2 of TS 23.502 [3]. Further, the AMF(s) notify the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s).
8. The AMF(s) accept TSCTSF’s subscription and provide the first corresponding event report (if available).
69.	According to the UE location of each UE that is targeted by the request and spatial validity condition in step 1, the TSCTSF determines whether to active time synchronization service for this UE:
-	If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to active time synchronization service and creates a PTP port in a DS-TT and assigns it into the PTP instance.
-	If the UE location is out of Requested Coverage Area, the TSCTSF determines creates a PTP port in a DS-TT and assigns it into the PTP instance but temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.not to active time synchronization service, or determines to hold a while according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period).
107.	The TSCTSF responds with the Ntsctsf_TimeSynchronization_ConfigCreate response.
118.	The NEF responds with the Nnef_TimeSynchronization_ConfigCreate response.
129.	The TSCTSF uses the procedures described in clause K.2.2 of TS 23.501 [2] to configure and initialize the PTP instance in the DS-TT(s) and NW-TT.
130.	The TSCTSF uses the procedure in clause 4.15.9.4 of TS 23.502 [3] to manage the 5G access stratum time distribution for the UEs that are part of the impacted PTP instance.
141.	UE moves in/out of the determined area of interest (i.e., Requested Coverage Area).
152.	NG-RAN determines the UE presence in the area of interest has changed and notifies the AMF.
163.	The AMF detects the subscription change related event occurs and it sends the event report by means of Namf_EventExposure_Notify message to the TSCTSF.
174.	If the TSCTSF receives the UE location change notification for AoI. The TSCTSF may update to activate or deactivate the time synchronization service for the given UE.
-	If the UE moves out of the Requested Coverage Area, the TSCTSF determines to deactivate time synchronization service and proceeds as Ntsctsf_TimeSynchronization_ConfigUpdate was received that indicated this UE is removed from the PTP instance as described in clause 4.15.9.3.3 TS 23.502 [3]. temporarily removes the UE/DS-TT from the PTP instance and indicates the PTP port state as Inactive for the related DS-TT PTP port.
-	If the UE moves into an Area of Interest, and according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period), the TSCTSF determines to activate time synchronization service;. the TSCTSF adds the DS-TT PTP port to the PTP instance again and indicates the PTP port state as Active for the related DS-TT PTP port.
-	The TSCTSF keeps the requested TS service unchanged (i.e. active/inactive) when the UE presence in the Requested Coverage Area becomes UNKNOWN until the TSCSTF determines that the UE is inside/outside the Requested Coverage Area.
185.	The TSCTSF updates the state of the time synchronization configuration and may notify the NEF (or AF) with the Ntsctsf_TimeSynchronization_ConfigUpdateNotify service operation. The notification indicates the identities of the UEs currently within the area of spatial validity.
169.	The NEF notifies the AF with the Nnef_TimeSynchronization_ConfigUpdateNotify service operation.
[bookmark: _Toc101421736]6.7.3.2	Procedure for AF requested 5G access stratum timing synchronization with Requested Coverage Area
[bookmark: MCCTEMPBM_00000030]An overall procedure for AF requesting a specific providing coverage area filter(s) for 5G access stratum based time synchronization service (see TS 23.502 [3]) is illustrated in Figure 6.7.3.2-1.




Figure 6.7.3.2-1: 5G access stratum time distribution configuration with Requested Coverage Area
1.	The AF request to influence the 5G access stratum time distribution providing access stratum time distribution parameters to the NEF (together with the AF identifier and potentially further inputs as specified in table 4.15.9.4-1 in TS 23.502 [3]) and optionally a spatial validity condition (i.e. Requested Coverage Area) in the format of a geographical area (e.g., a civic address or shapes)spatial validity, a or area(s) of interest, or list of TA(s), or a list of Cells list.
2.	The NEF authorizes the request. If the AF uses a geographical area as a spatial validity condition, the NEF transforms this information into a list of TA(s) or a list of Cells based on pre-configuration. The list of TA(s) or the list of Cells describes the Requested Coverage Area.
	The AF within the operator’s domain shall use a list of TA(s) or a list of Cells directly to formulate a spatial validity condition describing the Requested Coverage Area.
3.	After successful authorization, the NEF invokes the Ntsctsf_ ASTI_Create service operation with the corresponding TSCTSF.
The AF within the operator’s domain may invoke the services directly with the TSCTSF.
3.	If the AF provided spatial validity, the TSCTSF maps the information to areas of validity based on pre-configuration, then the TSCTSF determines area(s) of interest based on validity area(s) and the corresponding list of TA(s) orcell list.
4.	TSCTSF determines whether the TSCTSF has subscribed for the UE presence for an area that is indicated in the TAs or Cell IDs in the spatial validity condition. If not, Tthe TSCTSF discovers the AMF(s), serving in the Tracking Areas (TA(s) or serving the Cell(s) that either comprise the spatial validity condition, using the NRF discovery service (Nnrf_NFDiscovery_Request) with the list of TAs or the list of Cells, respectively.
5.	The spatial validity condition (or the area(s) of interest condition) is resolved at the TSCTSF. In order to do that, the TSCTSF subscribes to the AMF to receive notifications about change of UE location in an area of interest using Namf_EventExposure operation. The subscribed area of interest may be the same as the Requested Coverage Area specified by the spatial validity condition or may be a subset of the spatial validity conditionRequested Coverage Area (e.g., a list of TAs, a list of Cells) based on the latest known UE location.
6-7.	The AMF(s) track the UE's location to determine the UE's presence in an Area of Interest as described in clause 4.15.4.2 of TS 23.502 [3]. Further, the AMF(s) notify the TSCTSF about the UE(s) presence (IN, OUT, or UNKNOWN) in the Area of Interest(s).
8.	The AMF(s) accept TSCTSF’s subscription and provide the first corresponding event report (if available).
96.	According to the UE location and spatial validity condition, the TSCTSF determines whether to activatee time synchronization service:
-	If the UE location is in an Area of Interest (and thus in the Requested Coverage Area), the TSCTSF determines to activatee time synchronization service.
-	If the UE location is out of Requested Coverage Area, the TSCTSF stores the UE identity and determines not to activatee ASTI time synchronization service for the UE, or determines to hold a while according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period).
107.	The TSCTSF responds the AF with the Ntsctsf_ASTI_Create service operation response.
118.	The NEF informs the AF about the result of the Nnef_ASTI_Create service operation performed in step 1.
129.	The TSCTSF uses the procedures described in clause 4.15.9.4 of TS 23.502 [3] to configure ReferenceTimeInformation delivery to the UE(s) at the serving NG-RAN nodes.
103.	UE moves in/out of the configured Aarea(s) of Iinterest.
141.	NG-RAN determines the change of the UE presence in the area of interest has changed and notifies the AMF.
152.	The AMF detects the subscription change related event occurs and it sends the event report by means of Namf_EventExposure_Notify message to the TSCTSF.
163.	If the TSCTSF receives the UE location change notification for AoI. The TSCTSF may update to activate or deactivate the time synchronization service.
-	If the UE moves out of the Requested Coverage Area, the TSCTSF determines to temporarily deactivate ASTI time synchronization service as described in clause 4.15.9.4 TS 23.502 [3].
-	If the UE moves into an Area of Interest, and according to Temporal Validity Condition (if this parameter is available, and current time is within validity time period), the TSCTSF determines to activate ASTI time synchronization service as described in clause 4.15.9.4 TS 23.502 [3].
-	The TSCTSF keeps the requested TS service unchanged (i.e. active/inactive) when the UE presence in the Requested Coverage Area becomes UNKNOWN until the TSCSTF determines that the UE is inside/outside the Requested Coverage Area.
147.	The TSCTSF updates the state of the time synchronization configuration and may notify the NEF (or AF) with the Ntsctsf_ASTI_UpdateNotify service operation for the UE identities that are inside or outside of the area in the spatial validity condition.
158.	The NEF notifies the AF with the Nnef_ASTI_UpdateNotify service operation.
[bookmark: _Toc101421737]6.7.4	Impacts on services, entities and interfaces
TSCTSF:
-	Subscribe for receiving UE's presence in Area of Interest from AMF.
-	Mapping from spatial validity to validity area(s) (based on pre-configuration).
-	Determination of area of interest based on list of TAs or Cellsthe validity area(s).
-	Support for time synchronization service configuration conditioned to the AF-Requested Coverage Area using a spatial validity conditiongeographical area filter(s) received from AF.
-	Discovers the related AMF(s) using the NRF's service operation Nnrf_NFDiscovery_Request.
-	Notifies the AF/NEF via a new Ntsctsf_ASTI_UpdateNotify service operation for the UE identities that are inside or outside of the area in the spatial validity condition.
AMF:
-	Tracks a UE's location to determine the UE's presence in an Area of Interest using the existing event reporting type, i.e. UE mobility on Area of Interest.
-	Notifies the subscribed TSCTSF about the change of UE's status (IN, OUT, or UNKNOWN) in the Area of Interest using the (existing) Namf_EventExposure_Notify service operation.
AF:
-	Includes the Spatial Validity Condition in AF request for time synchronization service configuration.



>>>> End of Changes <<<<
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!@@@Chart-generator later than 5.0����ÿF�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE/DS-TT"],
ran [label="NG-RAN"], 
amf [label="AMF"],
upf [label="UPF/NW-TT"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=13;
vspace 10;
hspace af 80; 
numbering = yes; 
af->nef: Nnef_TimeSynchronization_ConfigCreate Request
         (with spatial validity condition);
nef->tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Request
         (with spatial validity condition);
box tsctsf -- tsctsf: TSCTSF determines area(s) of 
                      interest (and list of TAs) from 
                      the spatial validity condition;
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
box ran -- tsctsf: TSCTSF subscribes to the AMF to UE location or
                   presence in an area of interest;
box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Response;
af<-nef: Nnef_TimeSynchronization_ConfigCreate Response;
box ue -- tsctsf: TSCTSF configures PTP instance as described in clause K.2.2 of TS 23.501 
                  for the UEs matching the spatial validity condition;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  
...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
box ran -- amf: N2 notification;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF deactivates time synchronization service for the UE. 
                  (g)PTP deactivation as described in clause K.2.2 of TS 23.501.
                  Access stratum time distribution deactivation as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_TimeSynchronization_ConfigUpdateNotify;
nef->af: Nnef_TimeSynchronization_ConfigUpdateNotify;
����������������
signalling���0
0
0
0
,��������
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UE/DS-TT NG-RAN AMF UPF/NW-TT NRF TSCTSF NEF AF

1: Nnef_TimeSynchronization_ConfigCreate Request

(with spatial validity condition)

2: NEF determines TAs/Cells

from the spatial validity condition

3: Ntsctsf_TimeSynchronization_ConfigCreate Request

(with TAs/Cells)

4: Nnrf_NFDiscovery_Request

5: Namf_EventExposure_Subscribe Request

(Event ID: UE's presence in the AoI)

6: NGAP: Location Reporting Control

7: NGAP: Location Report

8: Namf_EventExposure_Subscribe Response

9: TSCTSF determines whether

to activate time synchronization

service

10: Ntsctsf_TimeSynchronization_ConfigCreate Response

11: Nnef_TimeSynchronization_ConfigCreate Response

12: TSCTSF configures PTP instance as described in clause K.2.2 of TS 23.501

for the UEs matching the spatial validity condition

13: TSCTSF manages 5G access stratum time distribution for the UEs matching

the spatial validity condition as described in clause 4.15.9.4 of TS 23.502

14: UE moves in/out of the

allowed area of interest

15: NGAP: Location Report

16: Namf_EventExposure_Notify

17: TSCTSF (de)activates time synchronization service for the UE.

(g)PTP (de)activation as described in clause K.2.2 of TS 23.501.

Access stratum time distribution (de)activation as described in clause 4.15.9.4 of TS 23.502

18: Ntsctsf_TimeSynchronization_ConfigUpdateNotify

19: Nnef_TimeSynchronization_ConfigUpdateNotify
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!@@@Chart-generator later than 5.0����ÿj�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE/DS-TT"],
ran [label="NG-RAN"], 
amf [label="AMF"],
upf [label="UPF/NW-TT"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=13;
vspace 10;
hspace af 80; 
numbering = yes; 
af->nef: Nnef_TimeSynchronization_ConfigCreate Request
         (with spatial validity condition);
box nef -- nef: NEF determines TAs/Cells 
                from the spatial validity condition;

nef->tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Request
         (with TAs/Cells);
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
tsctsf->amf: Namf_EventExposure_Subscribe Request
             (Event ID: UE's presence in the AoI);
amf->ran: NGAP: Location Reporting Control;
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Subscribe Response;
box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_TimeSynchronization_ConfigCreate Response;
af<-nef: Nnef_TimeSynchronization_ConfigCreate Response;
box ue -- tsctsf: TSCTSF configures PTP instance as described in clause K.2.2 of TS 23.501 
                  for the UEs matching the spatial validity condition;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  
...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF (de)activates time synchronization service for the UE. 
                  (g)PTP (de)activation as described in clause K.2.2 of TS 23.501.
                  Access stratum time distribution (de)activation as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_TimeSynchronization_ConfigUpdateNotify;
nef->af: Nnef_TimeSynchronization_ConfigUpdateNotify;
����������������
signalling���0
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,��������
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_1710669910.txt

!@@@Chart-generator later than 5.0����ÿ��#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE"],
ran [label="NG-RAN"], 
amf [label="AMF"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=12;
vspace 10;
hspace af 20; 
numbering = yes; 
af->nef: Nnef_ASTI_Create Request
         (with spatial validity condition);
nef->tsctsf: Ntsctsf_ASTI_Create Request
         (with spatial validity condition);
box tsctsf -- tsctsf: TSCTSF determines area(s) of 
                      interest (and list of TAs) from 
                      the spatial validity condition;
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
box ran -- tsctsf: TSCTSF subscribes to the AMF to UE location or
                   presence in an area of interest;
box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_ASTI_Create Response;
af<-nef: Nnef_ASTI_Create Response;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  

...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
box ran -- amf: N2 notification;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF deactivates access stratum time distribution
                  as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_ASTI_UpdateNotify;
nef->af: Nnef_ASTI_UpdateNotify;
����������������
signalling���0
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,��������
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_1713098866.txt

!@@@Chart-generator later than 5.0����ÿ��#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE"],
ran [label="NG-RAN"], 
amf [label="AMF"],
nrf [label="NRF"],
tsctsf [label="TSCTSF"],
nef [label="NEF"],
af [label="AF"];
  
#text.wrap=yes;
#hscale=0.7;
text.size.normal=12;
vspace 10;
hspace af 20; 
numbering = yes; 
af->nef: Nnef_ASTI_Create Request
         (with spatial validity condition);
box nef -- nef: NEF determines TAs/Cells 
                from the spatial validity condition;
nef->tsctsf: Ntsctsf_ASTI_Create Request
         (with TAs/Cells);
tsctsf<->nrf: Nnrf_NFDiscovery_Request;
tsctsf->amf: Namf_EventExposure_Subscribe Request
             (Event ID: UE's presence in the AoI);
amf->ran: NGAP: Location Reporting Control;
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Subscribe Response;box tsctsf -- tsctsf: TSCTSF determines whether 
                      to activate time synchronization
                      service;
nef<-tsctsf: Ntsctsf_ASTI_Create Response;
af<-nef: Nnef_ASTI_Create Response;
box ue -- tsctsf: TSCTSF manages 5G access stratum time distribution for the UEs matching
                   the spatial validity condition as described in clause 4.15.9.4 of TS 23.502;  

...;
box ue -- ran: UE moves in/out of the 
               allowed area of interest; 
amf<-ran: NGAP: Location Report;
amf->tsctsf: Namf_EventExposure_Notify;
box ue -- tsctsf: TSCTSF deactivates access stratum time distribution
                  as described in clause 4.15.9.4 of TS 23.502;
tsctsf->nef: Ntsctsf_ASTI_UpdateNotify;
nef->af: Nnef_ASTI_UpdateNotify;
����������������
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