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[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc122440569]5.27.1.9	Support for derivation of Uu time synchronization error budget
The AF may request a specific time synchronization error budget when requesting a time synchronization service employing the (g)PTP-based or 5G access stratum-based time distribution method. If the AF includes a time synchronization error budget in its request, the TSCTSF uses it to derive an error budget available for the NG-RAN to provide the 5G access stratum time via the Uu interface to each targeted UE (referred to as Uu time synchronization error budget hereafter).
The Time Synchronization Subscription data may optionally contain the authorized Uu time synchronization error budget. When the TSCTSF receives an AF request with a specific time synchronization error budget for the time synchronization service, the TSCTSF validates the Uu time synchronization error budget as described in clause 5.27.1.11.
To derive the Uu time synchronization error budget for each targeted UE, the TSCTSF takes the following into account:
-	selected time synchronization distribution method ( i.e. 5G access stratum-based time distribution or (g)PTP-based time distribution);
-    Uu time synchronization error budget in the Time Synchronization Subscription data defined in clause 5.27.1.11;
-	in the case of the (g)PTP-based time distribution:
-	whether 5GS operates as a boundary clock and acts as a GM;
-	whether a clock connected to the DS-TT/NW-TT acts as a GM;
-	PTP port states;
-	a CN part and a Device part of the time synchronization error budget (both parts may be predefined at the TSCTSF, or calculated by the 5GS using the implementation-specific means).
If the AF does not include a time synchronization error budget, the TSCTSF uses a preconfigured time synchronization error budget to derive the Uu time synchronization error budget.  TheTSCTSF provides a 5G access stratum time distribution indication and the derived Uu time synchronization error budget to NG-RAN as described in clause 4.15.9.4 of TS 23.502 [3]. Based on this, NG-RAN provides the 5G access stratum time to the UE according to the Uu interface time synchronization error budget as provided by the TSCTSF (if supported by UE and NG-RAN). During Handover, Service Request, mobility registration and AM policy modification procedure, the AMF may provide the 5G access stratum time distribution indication and the Uu time synchronization error budget to NG-RAN as described in clause 4.15.9.4 of TS 23.502 [3], if needed.
NOTE:	This release of the specification assumes that deployments ensure that the targeted UEs and the NG-RAN nodes serving those UEs support Rel-17 propagation delay compensation as defined in TS 38.300 [27].
* * * * Second change * * * *
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. 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.
-	optionally, authorized Uu time synchronization error budget, which indicates the limit the AF may request.
-	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, for each PTP instance configuration, Uu time synchronization error budget.
The TSCTSF retrieves the Time Synchronization Subscription data from UDM. If the TSCTSF receives the Time Synchronization Subscription data for a UE, Tthe TSCTSF controls the Time Synchronization Service including (g)PTP-based time distribution and 5G access stratum-based time distribution. 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 Time Synchronization Ssubscription 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]. Otherwise, the TSCTSF rejects the AF request.
[bookmark: _Hlk126842163]-	The SLA between the operator and the AF can be additionally considered to determine whether the AF request is authorized.
-	If the UE's Time Synchronization Subscription data contains authorized Uu time synchronization error budget, the TSCTSF checks whether the Uu time synchronization error budget derived from AF request satisfies the authorized Uu time synchronization error budget.
-     If the UE's Time Synchronization Subscription data contains an Authorized Time Synchronization Coverage Area (i.e., a list of TA(s) defining the restricted area for AF request), the TSCTSF checks whether the AF requested Coverage Area satisfies the subscribed Time Synchronization Coverage Area.
-	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 UE's Time Synchronization Subscription data contains an Uu time synchronization error budget, then the TSCTSF uses it to derive an Uu time synchronization error budget available for the NG-RAN to provide the 5G access stratum time for the UE as specified in clause 5.27.1.9.
-	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.
* * * * End of changes * * * *

