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[bookmark: _Toc122440570]
[bookmark: _Toc122440172]5.3.4.4	UE mobility event notification
5G System supports the functionality of tracking and reporting UE mobility events.
The AMF provides the UE mobility related event reporting to NF that has been authorized to subscribe to the UE mobility event reporting service. Any NF service consumer such as SMF, NEF or NWDAF that wants to be reported on the UE location is able to subscribe to the UE mobility event notification service to the AMF with the following parameters:
-	Event reporting type that specifies what to be reported on UE mobility (e.g. UE location, UE mobility on Area of Interest).
-	Event filters indicating the:
-	Area Of Interest that specifies a location area within 3GPP system. The Area Of Interest is represented by a list of Tracking Areas, list of cells or list of (R)AN node identifiers. In the case of LADN, the event consumer (e.g. SMF) provides the LADN DNN to refer the LADN service area as the Area Of Interest. In the case of PRA, the event consumer (e.g. SMF or PCF) may provide an identifier for Area Of Interest to refer predefined area as the Area Of Interest.
-	The Area Of Interest may include an "Adjust AoI based on RA" indicator, indicating that the Area of Interest may be adjusted depending on UE’s RA.
-	S-NSSAI and optionally the NSI ID(s).
-	Event Reporting Information: event reporting mode, number of reports, maximum duration of reporting, event reporting condition (e.g. when the target UE moved into a specified Area Of Interest, immediate reporting flag).
-	Notification Endpoint of NF service consumer to be notified.
-	The target of event reporting that indicates a specific UE, a group of UE(s) or any UE (i.e. all UEs). Further details on the information provided by the NF service consumer are provided in clause 4.15 of TS 23.502 [3].
If an NF service consumer subscribes to the UE mobility event notification service provided by AMF for reporting of UE presence in Area Of Interest, the AMF tracks UE's location considering UE's CM state and using NG-RAN procedures (if RRC Inactive state applies to NG-RAN) in order to determine the UE presence in the Area Of Interest, as described in clause 4.15.4.2 of TS 23.502 [3]. Upon detecting the change of the UE presence in the Area Of Interest, the AMF notifies the UE presence in the Area Of Interest and the new UE location to the subscribed NF service consumer.
If the Area Of Interest in the subscription to the UE mobility event notification includes "Adjust AoI based on RA" indicator as described in Table 5.2.2.3.1-1 in TS 23.502 [3], the AMF reports the UE presence in Area of Interest based on the most recent N2 connection as described in Annex D in TS 23.502 [3].
When the AMF is changed, the subscription of mobility event is transferred from the old AMF. The new AMF may decide not to notify the SMF with the current status related to the subscription of mobility event if the new AMF determines that, based on MM Context of the UE, the event is reported by the old AMF.
In the network deployment where a UE may leave or enter the Area Of Interest without any notification to the 5GC in CM-CONNECTED state (i.e. in the case that RRC Inactive state applies to the NG-RAN), the AMF may initiate the NG-RAN location reporting as described in clause 5.4.7 or N2 Notification as described in clause 4.8.3 of TS 23.502 [3] to track the UE presence in the Area Of Interest.
The AMF may provide UE mobility event reporting to PCF, using Policy Control Report Triggers defined in TS 23.503 [45].
NEXT CHANGE

5.27.1.10	Support for coverage area filters for time synchronization service
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).
TSCTSF checks with the UDM if the UE is allowed to receive the time synchronization service requested by AF. 
The spatial validity condition is resolved at the TSCTSF. In order to do that, the TSCTSF discovers 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 the UE in an Area of Interest events (as described in clause 5.3.4.4 of TS 23.501 [2]). 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.
Based on the outcome provided by the AMF about the UE's presence in the AoI, the TSCTSF determines if the time synchronization service is activated or deactivated.
For access stratum distribution activation/deactivation, the TSCTSF will enable/disable access stratum time distribution to the UE at the serving NG-RAN node reusing the procedures in clause 4.15.9.4 of TS 23.502 [3]. 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-TTs and UMIC to the impacted UPF/NW-TT, as described in clause K.2.2 of TS 23.501 [2].
If the time synchronization service is modified based on the reports of UE presence in the Area of Interest, the TSCTSF informs the AF for the impacted UE(s) by indicating the PTP port state for the related DS-TT PTP port (in the case of (g)PTP based time distribution) or notifying the AF with the indication of 5G access status time distribution status (enabled or disabled, for ASTI based time distribution).
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.
[bookmark: _GoBack]If the Time Synchronization Coverage Area requested by the AF includes at least one TA that is a part of UE’s Registration Area (RA), the 5GS may provide the AF-requested time synchronization service to the targeted UE within its RA, i.e. all TAs of the RA shall be treated as a Time Synchronization Coverage Area even if some of the TAs were not requested by the AF.
NOTE 1:	This ensures that (1) there is no impact on the Registration Area (RA) of UE if/when the AMF receives a time synchronization service request with a spatial validity condition (i.e., for specific geographical area); and (2) the UE can continue receiving the time synchronization service when it moves within the RA in the RRC_IDLE state.
NOTE 2: 	Since the RA can be specific to the UE, the result can be different Time Synchronization Coverage Area for different DS-TT ports within a PTP instance. 

Next CHANGE

[bookmark: _Toc122440571]5.27.1.11	Controlling time synchronization service based on the Subscription
The distribution of timing information, 5G access stratum-based time distribution and (g)PTP-based time distribution, for a UE may be controlled based on subscription data stored in the UDM. The (g)PTP-based or 5G access stratum-based time synchronization service may be provided to a UE based on the UE's subscription which is specified in the TS 23.502 [3] clause 5.2.3.3.1.
The Access and Mobility Subscription data include for the control of 5G access stratum-based time distribution the following information:
-	the Access Stratum Time Synchronization Service Authorization, which indicates whether the UE should be provisioned with 5G system internal clock timing information over access stratum as specified in TS 38.331 [28].
-	optionally, the Uu time synchronization error budget.
-	optionally, one or more periods of start and stop times defining the times when the UE should be provisioned with 5G system internal clock timing information.
-	optionally, a Time Synchronization Coverage Area comprising a list of TAs where the UE shall be provisioned with 5G system internal clock timing information.
During the Registration procedure, the AMF retrieves the subscription from UDM. If the AMF receives 5G access stratum-based time synchronization service subscription for the given UE, the AMF controls the 5G access stratum-based time distribution:
-	If the 5G access stratum-based time synchronization service is allowed for the UE, the AMF provides the 5G access stratum time distribution indication to the NG-RAN so that it can provide 5G timing information to the UE.
-	The AMF may provide a Uu time synchronization error budget to the NG-RAN (as described in clause 5.27.1.9). If the UE's subscription contains a Uu time synchronization error budget, then AMF sends it to NG-RAN. Otherwise, the AMF uses the pre-configured Uu time synchronization error budget and sends it to NG-RAN.
-	If the UE's subscription contains Coverage Area (defined as a list of TAs), the AMF configures the NG-RAN to provide the 5G timing information to UE only when the UE is in the Coverage Area as described in 5.27.1.10. In order to track the UE moving in and out of Time Synchronization Coverage Area, the Registration Area (RA) shall only include TAs either inside or outside of the subscribed Coverage Area.
NOTE:	This ensures the UE performs Registration update with the network when the UE moves in and out of Requested Coverage Area.
Editor's note:	How to ensure that the Time Synchronization Coverage Area and the Registration Area consist of the same is FFS.
-	If the AMF receives the start and stop times, then the AMF enables and disables the 5G access stratum time distribution indication to the NG-RAN according to the expiry of start and stop times if the UE is in CM_Connected state. If the UE is in CM_Idle state when a Start time condition is met, the AMF pages the UE and provides the 5G access stratum time distribution indication to NG-RAN as part of the subsequent service request procedure initiated by the UE in the response to the paging.
-	The TSCTSF retrieves the Time Synchronization Subscription data from the UDM when the TSCTSF receives an AF request for 5G access stratum-based time synchronization service. According to the "AF request Authorization" in the Time Synchronization Subscription data, the TSCTSF determines whether the UE is authorized for an AF-requested time synchronization service. If the UE is authorized, the TSCTSF proceeds as specified in clause 5.27.1.8 and TS 23.502 [3].
The Time Synchronization Subscription data is the subscription data for the control of (g)PTP-based time distribution and 5G access stratum-based time distribution and includes the following information:
-	the "AF request Authorization", indicating whether the UE is authorized for an AF-requested 5G access stratum-based time distribution and (g)PTP-based time distribution services. The indication is provided separately for each service:
-	"allowed" or "not allowed" for (g)PTP based time synchronization service (per DNN/S-NSSAI and UE identity),
-	"allowed" or "not allowed" for ASTI based time synchronization services (per UE identity).
-	optionally, a list of TA(s) which specifies an area (a so called Time Synchronization Coverage Area) in which an AF may request time synchronization services.
-	one or more Subscribed time synchronization service ID(s), each containing the DNN/S-NSSAI and a reference to a PTP instance configuration pre-configured at the TSCTSF (e.g. PTP profile, PTP domain, etc.):
-	optionally, for each PTP instance configuration, one or more periods of start and stop times defining active times of time synchronization service for the PTP instance.
-	optionally, for each PTP instance configuration, a Time Synchronization Coverage Area defining a list of TAs where the (g)PTP-based time synchronization is available for the UEs in the PTP instance.
-	optionally, Uu time synchronization error budget.
The TSCTSF retrieves the Time Synchronization Subscription data from UDM. The TSCTSF controls the Time Synchronization Service. If the UE subscription includes (g)PTP-based time synchronization service subscription:
-	The TSCTSF retrieves the Time Synchronization Subscription data from the UDM when the TSCTSF receives an AF request for the time synchronization service (either ASTI or (g)PTP).
-	According to the "AF request Authorization" in the UE's subscription data, the TSCTSF determines whether the UE is authorized for an AF-requested time synchronization service and, if the UE's subscription data contains a Time Synchronization Coverage Area (i.e., a list of TA(s) defining the restricted area for AF request), whether the UE is in the allowed area. If the AF request is authorized and the corresponding UE is in the allowed area, the TSCTSF proceeds as specified in clause 5.27.1.8 and TS 23.502 [3].
-	The TSCTSF retrieves the Time Synchronization Subscription data from the UDM when it receives notification from the PCF that a UE has established a PDU Session that is potentially impacted by (g)PTP-based time synchronization service.
-	The TSCTSF retrieves the PTP instance configurations referenced from the "Subscribed time synchronization service ID(s)". The PTP instance configurations are stored locally in the TSCTSF. The TSCTSF determines if one or more of the PTP instance configurations match with the DNN/S-NSSAI of the given PDU Session. If no PTP instance exists for the given PTP instance configuration, the TSCTSF initializes the PTP instance in 5GS as described in clause K.2.2 of TS 23.501 [2].
-	The TSCTSF configures a PTP port in DS-TT and adds it to the corresponding PTP instance in NW-TT as described in clause K.2.2 of TS 23.501 [2].
-	If the PTP instance configuration referenced by the Time Synchronization Subscription data for the UE contains start and stop times, the TSCTSF, upon expiry of start time, creates the PTP instance and adds the PTP port in DS-TT to the PTP instance. Upon expiry of stop time, if this is the last period of start and stop times in the PTP instance configuration, the TSCTSF deletes the PTP instance, otherwise the TSCTSF temporarily disables the PTP instance.
-	If the PTP instance configuration referenced by the Time Synchronization Subscription data for the UE contains a Time Synchronization Coverage Area, the TSCTSF subscribes to UE's Presence in Area(s) of Interest corresponding to the Time Synchronization Coverage Area at the discovered AMF(s). When the TSCTSF determines that the UE has moved inside or outside of the Time Synchronization Coverage Area, the TSCTSF adds or temporarily removes the PTP port in DS-TT from the corresponding PTP instance.
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