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[bookmark: _Toc68015772]* * * * First change * * * *
[bookmark: _Toc75411583]4.15.9.2	Exposure of UE availability for Time Synchronization service
The procedure is used by the AF to subscribe to notifications and to explicitly cancel a previous subscription for UE availability for time synchronization service. Cancelling is done by sending Nnef_TimeSynchronization_CapsUnsubscribe request identifying the subscription to cancel with Subscription Correlation ID.


Figure 4.15.9.2-1: Nnef_TimeSynchronization_CapsSubscribe, CapsUnsubscribe and CapsNotify operations
1.	The AF subscribes to the UE availability for time synchronization service (as identified by Event ID) and provides the associated Notification Target Address of the AF by sending Nnef_TimeSynchronization_CapsSubscribe request.
	Event Reporting Information defines the type of reporting requested (e.g. one-time reporting, periodic reporting or event based reporting).
	The Event Reporting Information may include DNN and slicing information (S-NSSAI) or an AF-Service-Identifier. If the DNN and S-NSSAI are omitted in the request, the NEF uses the AF-Service-Identifier to determine the target DNN and slicing information (S-NSSAI).
	Additionally, the Event Reporting Information may include a list of UE identifiers (SUPIs or GPSIs) or Groups of UEs identified by an External Group Identifier that further define the subset of the target UEs. If the request does not include UE identifiers, the request is targeted to any UE with a PDU Session using the DNN and S-NSSAI. The NEF uses the UDM service to map the GPSIs to SUPIs and to map the External Group Identifier to Internal Group Identifier.
	When the NEF processes the AF request the AF-Service-Identifier may be used to authorize the AF request.
2.	The NEF discovers the TSCTSF. The NEF invokes the Ntsctsf_TimeSynchronization_CapsSubscribe request service operation to the selected TSCTSF.
	The AF that is part of operator's trust domain may invoke the services directly with TSCTSF.
3.	(in the case of Ntsctsf_TimeSynchronization_CapsSubscribe): The TSCTSF stores the AF request information in the UDR (Data Set = Application Data; Data Subset = Time-Sync data, Data Key = S-NSSAI and DNN and/or Internal Group Identifier or SUPI). The Time-Sync data contains a Notification Target Address to the TSCTSF.
	(in the case of Ntsctsf_TimeSynchronization_CapsUnsubscribe): The TSCTSF deletes the AF request information in the UDR.
4.	TSCTSF acknowledges the execution of Ntsctsf_TimeSynchronization_CapsSubscribe to the requester that initiated the request. The acknowledgement contains a Subscription Correlation ID that the requester can use to cancel or modify the subscription.
5.	NEF acknowledges the execution of Nnef_TimeSynchronization_CapsSubscribe to the requester that initiated the request. The acknowledgement contains a Subscription Correlation ID that the AF can use to cancel or modify the subscription.
6.	The PCF(s) that have subscribed to modifications of AF requests (Data Set = Application Data; Data Subset = Time-Sync data, Data Key = S-NSSAI and DNN and/or Internal Group Identifier or SUPI) receive(s) a Nudr_DM_Notify notification of data change from the UDR.
7.	The PCF determines if existing PDU Sessions are potentially impacted by the AF request. For each of these PDU Sessions, the PCF invokes Npcf_PolicyAuthorization_Notify request to the TSCTSF Notification Target Address as included in the Time-Sync data in the UDR.
	In order to ensure that the same TSCTSF instance is selected by the NEF (or AF) and the PCF, the PCF subscribes to notification of Time-Sync data change with the UDR as described in clause 4.16.5.1.
8.	The TSCTSF interacts with the PCF by triggering a Npcf_PolicyAuthorization_Create request message as in step 4 in Figure 4.3.6.4-1.
9.	As part of Npcf_PolicyAuthorization_Create request, the TSCTSF uses the procedures as described in clause K.2.1 of TS 23.501 [2] to determine the (g)PTP capabilities from the DS-TT. If the TSCTSF has not determined the (g)PTP capabilities from the NW-TT, the TSCTSF determines the capabilities using the procedures as described in clause K.2.1 of TS 23.501 [2].
	The TSCTSF composes the time synchronization capabilities for the DS-TT/UE(s) connected to the NW-TT based on the capability information received from the DS-TT(s) and NW-TT.
	The TSCTSF maintains association between the user-plane Node ID, the time synchronization capabilities, the reference to the capabilities (as identified by the Subscription Correlation ID), the NEF or AF Notification Target Address, and list of the AF sessions with PCFs with this user-plane Node ID.
10.	The TSCTSF sends Ntsctsf_TimeSynchronization_CapsNotify with Time Synchronization capability event (as described in Table 4.15.9.2-1) to the NEF. The message includes the time synchronization capabilities as composed in step 9. The message contains a list of UE identifiers to which the event is applicable and the associated user-plane Node ID identifying the NW-TT to where the UE/DS-TT(s) are connected to.
11. The NEF sends Nnef_TimeSynchronization_CapsNotify with Time Synchronization capability event (as described in Table 4.15.9.2-1) to the AF.
12-15.	Upon PDU Session Establishment as defined clause 4.3.2.2.1-1, steps 6-9 are repeated for the new PDU Session.
16.	If necessary, the TSCTSF may update the time synchronization capabilities for the DS-TT/UE(s) connected to the NW-TT based on the capability information received from the new DS-TT. The TSCTSF sends Ntsctsf_TimeSynchronization_CapsNotify containing the updated capabilities and the UE identifier of the new PDU Session to the NEF.
17.	The NEF sends Nnef_TimeSynchronization_CapsNotify containing the updated capabilities and the UE identifier of the new PDU Session to the AF.
Table 4.15.9.2-1 describes the event for Time Synchronization capability. The event is detected when a UE/DS-TT establishes a PDU Session with an NW-TT, where DS-TT and NW-TT support time synchronization service as described in clause 4.4.8.3 in TS 23.501 [2].
 Table 4.15.9.2-1: Time Synchronization capability event
	Time Synchronization Parameter
	Description

	List of UE identities
	Identifies the UEs to which the reported time synchronization capabilities apply.

	User-Plane Node ID
	Identifies the applicable NW-TT (NOTE 1).

	Time synchronization distribution method
	Identifies the time synchronization distribution methods supported by 5GS for the reported UEs.
Allowed values: IEEE Std 1588 [76] operation (i.e. as a Boundary Clock, peer-to-peer Transparent Clock, or end-to-end Transparent Clock) and transport protocol (Ethernet, UDP over IPv4, or UDP over Ipv6), IEEE Std 802.1AS [75] operation or Access Stratum-based 5G clock sync.

	Supported PTP Profiles
	Identifies the PTP profiles supported by 5GS for the reported UE.

	(g)PTP grandmaster capable
	Indicates separately whether 5GS supports acting as a gPTP or PTP grandmaster.

	NOTE 1:	This is needed to limit the PTP instance into a single NW-TT. In this way the AF can know e.g. UE1/UE2/UE3 are served by NW-TT1, UE4/UE5/UE6 are served by NW-TT2. The AF can control the PTP instances per NW-TT.



[bookmark: _Toc75411584]4.15.9.3	Time Synchronization activation, modification, and deactivation
This procedure can be used by the AF to activate, modify or deactivate the (g)PTP instances in 5GS.
The AF may activate the time synchronization service using the Nnef_TimeSynchronization_ConfigCreate service operation. The service operation creates a time synchronization configuration based on the service parameters as indicated in the create request. The AF may update the time synchronization configuration using the Nnef_TimeSynchronization_ConfigUpdate service operation. The AF may deactivate the time synchronization service using the Nnef_TimeSynchronization_ConfigDelete service operation, which deletes the corresponding time synchnonization service configuration.
The Nnef_TimeSynchronization_ConfigCreate and Nnef_TimeSynchronization_ConfigUpdate request may contain the parameters as described in Table 4.15.9.3-1.

Table 4.15.9.3-1: Description of Time Synchronization service parameters
	Time Synchronization Parameter
	Description

	Time synchronization distribution method
	Identifies the time synchronization distribution method requested by AF.
Allowed values: IEEE Std 1588 [76] operation (i.e. as a Boundary Clock, peer-to-peer Transparent Clock, or end-to-end Transparent Clock) and transport protocol (Ethernet, UDP over IPv4, or UDP over IPv6), IEEE Std 802.1AS [75] operation, or Access Stratum-based 5G clock sync.

	PTP Profile
	Identifies the PTP profile requested by AF.

	Grandmaster enabled
	Indicates whether AF requests 5GS to act as a grandmaster for PTP or gPTP (depending on the requested Time synchronization distribution method).
This is applicable for IEEE Std 1588 [76] or IEEE Std 802.1AS [75] operation.
[optional]

	Gandmaster priority
	Indicates a priority used as defaultDS.priority1 when generating Announce message when 5GS acts as (g)PTP GM.
[optional]

	Time Domain
	As defined in IEEE Std 1588 [76].
[optional]

	Temporal Validity Condition
	Indicates start-time and stop-time attributes that describe the time period when the time synchronization service is active. [optional]



The AF may use Nnef_ Nnef_TimeSynchronization_CapsSubscribe service operation as described in clause 4.15.9.2 to learn the UE capabilities for time synchronization service. The Nnef_TimeSynchronization_CapsNotify service operation indicates the list of UE identities, User-plane Node ID, and the Subscription Correlation ID. The AF can use the Subscription Correlation ID and the user-plane node ID in the Nnef_TimeSynchronization_ConfigCreate service operation to identify the target of the request. The NEF uses the Subscription Correlation ID and user-plane node ID to determine the list of UEs and list of AF-sessions to which the Nnef_TimeSynchronization_ConfigCreate service operation is targeted to.
Editor's note:	How a clock accuracy parameter as well as other parameters for time synchronization can be supported is FFS (pending RAN WG2 response LS).


Figure 4.15.9.3-1: Nnef_TimeSynchronization_ConfigCreate, ConfigUpdate and ConfigUpdateNotify operations
1.	The AF creates a time synchronization service configuration by invoking Nnef_TimeSynchronization_ConfigCreate service operation. The request includes the parameters as described in table 4.15.9.3.1. The request contains a Subscription Correlation ID and user-plane node ID as a reference to the target of the UEs and AF-sessions.
	The create request creates also a subscription for the changes in the time synchronization service configuration.
2.	The NEF authorizes the request. After successful authorization, the NEF invokes the Ntsctsf_TimeSynchronization_ConfigCreate service operation with the corresponding TSCTSF.
3.	The TSCTSF responds with the Ntsctsf_TimeSynchronization_ConfigCreate response, including a reference to the time synchronization service configuration.
4.	The NEF responds with the Nnef_TimeSynchronization_ConfigCreate response, including a reference to the time synchronization service configuration.
5-6.	The TSCTSF uses the Subscription Correlation ID and user-plane node ID in Ntsctsf_TimeSynchronization_ConfigCreate to determine the target UEs and corresponding AF-sessions. The TSCTSF uses the procedures described in clause K.2.2 of TS 23.501 [2] to configure and initialize the PTP instances in the DS-TT(s) and NW-TT. The TSCTSF constructs a PMIC to each DS-TT/UE to activate the time synchronization service in DS-TT in respect to the service parameters in the request in step 1. The TSCTSF constructs PMIC(s) and UMIC to NW-TT to activate the time synchronization service in NW-TT in respect to the service parameters in the request in step 2.
	The TSCTSF interacts with the PCF by triggering a Npcf_PolicyAuthorization_Update request message as described in clause 4.16.5.2. Upon reception of responses from each DS-TT and NW-TT, the TSCTSF determines the state of the time synchronization configuration.
	The TSCTSF maintains association between list of AF-sessions, corresponding time synchronization configuration, and Subscription Correlation ID and user-plane node ID as given in step 1.
	The TSCTSF constructs a PMIC to each DS-TT/UE to subscribe for the port management information changes in the DS-TT. The TSCTSF constructs PMIC(s) and UMIC to NW-TT to subscribe for the port management and user-plane management information changes in NW-TT.
	The create request creates also a subscription for the changes in the time synchronization service configuration.
7.	The TSCTSF notifies the NEF (or AF) with the Ntsctsf_TimeSynchronization_ConfigUpdateNotify service operation, containing the reference to the time synchronization service configuration and the current state of the time synchronization service configuration.
8.	The NEF notifies the AF with the Ntsctsf_TimeSynchronization_ConfigUpdateNotify service operation, containing the reference to the time synchronization service configuration and the current state of the time synchronization service configuration.
9.	Upon a change in the PTP instance in the DS-TT or NW-TT, the DS-TT or NW-TT report the change via PMIC or UMIC to the TSCTSF as described in clause K.2.2 of TS 23.501 [2].
	Upon PDU Session Establishment as defined clause 4.3.2.2.1-1, steps 4-7 in Figure 4.15.9.2-1 are repeated for the new PDU Session and the TSCTSF may notify the NEF (or AF) for the Time Synchronization capability event, optionally with the updated time synchronization capabilities, as described in step 10 in Figure 4.15.9.2-1.
	As part of step 9 in Figure 4.15.9.2-1 the TSCTSF adds the new AF-session to the list of the AF sessions that are associated with the user-plane Node ID, the time synchronization capabilities, and the reference to the time synchronization capabilities (Subscription Correlation ID).
	If the TSCTSF determines time synchronization service is active for the Subscription Correlation ID and user-plane node ID associated with the new AF-session, the TSCTSF uses the procedures described in clause K.2.2 of TS 23.501 [2] to configure and initialize the PTP instances in the DS-TT of the new PDU Session.
10.	The TSCTSF updates the state of the time synchronization configuration and may notify the NEF (or AF) with the Ntsctsf_TimeSynchronization_ConfigUpdateNotify service operation, containing the reference to the time synchronization service configuration and the updated state of the time synchronization service configuration.
11.	The NEF notifies the AF with the Nnef_TimeSynchronization_ConfigUpdateNotify service operation, containing the reference to the time synchronization service configuration and the updated state of the time synchronization service configuration.

* * * * Second change * * * *
[bookmark: _Toc75412070][bookmark: _Toc75412259]5.2.6.25	Nnef_TimeSynchronization service
[bookmark: _Toc75412071]5.2.6.25.1	General
Service description: This service provides:
-	Request authorization of NF Service Consumer requests.
-	NF Service Consumer request to create and update time synchronization configuration, and to activate and deactivate the time synchronization service as described in clause 5.27.1.8 of TS 23.501 [2].
[bookmark: _Toc75412072]5.2.6.25.2	Nnef_TimeSynchronization_ConfigCreate operation
Service operation name: Nnef_TimeSynchronization_ConfigCreate
Description: Authorize the request, create a time synchronization configuration and activate the time synchronization service with the configuration.
Inputs, Required: Reference to time synchronization capability set, user plane node ID, mandatory service parameters as described in Table 4.15.9.3-1.
Inputs, Optional: (DNN, S-NSSAI), or GPSI(s), or External Group Identifier, or UE address(es) (i.e. IP address/prefix or MAC address), Optional service parameters as described in Table 4.15.9.3-1.
Outputs, Required: Operation execution result indication, in successful operation the time synchronization configuration id.
Outputs, Optional: None.
[bookmark: _Toc75412073]5.2.6.25.3	Nnef_TimeSynchronization_ConfigUpdate operation
Service operation name: Nnef_TimeSynchronization_ConfigUpdate
Description: Authorize the request and forward the request to update the time synchronization configuration.
Inputs, Required: Time synchronization configuration id.
Inputs, Optional: Same service parameters as in Nnef_TimeSynchronization_ConfigCreate input.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412074]5.2.6.25.4	Nnef_TimeSynchronization_ConfigDelete operation
Service operation name: Nnef_TimeSynchronization_ConfigDelete
Description: Authorize the request, delete the time synchronization configuration, and deactivate the corresponding time synchronization service.
Inputs, Required: Time synchronization configuration id.
Inputs, Optional: None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412075]5.2.6.25.5	Nnef_TimeSynchronization_ConfigUpdateNotify operation
Service operation name: Nnef_TimeSynchronization_ConfigUpdateNotify
Description: Forward the notification for the time synchronization configuration.
Known NF Service Consumers: AF.
Inputs, Required: Notification Correlation ID.
Inputs, Optional: Current state of the time synchronization configuration.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412076]5.2.6.25.6	Nnef_TimeSynchronization_CapsSubscribe operation
Service operation name: Nnef_TimeSynchronization_CapsSubscribe
Description: The AF subscribes to receive notification about time synchronization for a UE or a DNN/S-NSSAI combination.
Inputs, Required: Time synchronization configuration id, Event ID, notification target address and notification correlation id.
Inputs, Optional: Report Type (can be either one-time reporting, periodic reporting or event based reporting), (DNN, S-NSSAI), or AF-Service-Identifier, or GPSI(s), or External Group Identifier, or UE address(es) (i.e. IP address/prefix or MAC address).
Outputs, Required: Operation execution result indication, Subscription Correlation ID.
Outputs, Optional: None.
[bookmark: _Toc75412077]5.2.6.25.7	Nnef_TimeSynchronization_CapsUnsubscribe operation
Service operation name: Nnef_TimeSynchronization_CapsUnsubscribe
Description: The AF unsubscribes to receive notification about time synchronization for a UE or a DNN/S-NSSAI combination.
Inputs, Required: Subscription Correlation IDtime synchronization configuration id, notification target address and notification correlation id.
Inputs, Optional: Report Type (can be either One-time report, Continuous report, or on Change)None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412078]5.2.6.25.8	Nnef_TimeSynchronization_CapsNotify operation
Service operation name: Nnef_TimeSynchronization_CapsNotify
Description: Forward the notification for the time synchronization configuration.
Known NF Service Consumers: AF.
Inputs, Required: Notification Correlation ID, Time Synchronization capability as described in Table 4.15.9.2-1.
Inputs, Optional: None Current state of the time synchronization configuration.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
* * * * Third change * * * *
5.2.27.2	Ntsctsf_TimeSynchronization service
[bookmark: _Toc75412260]5.2.27.2.1	General
Service description: This service provides:
-	Request authorization of NF Service Consumer requests.
-	NF Service Consumer request to create and update time synchronization configuration, and to activate and deactivate the time synchronization service as described in clause 5.27.1.8 of TS 23.501 [2].
[bookmark: _Toc75412261]5.2.27.2.2	Ntsctsf_TimeSynchronization_ConfigCreate operation
Service operation name: Ntsctsf_TimeSynchronization_ConfigCreate
Description: Authorize the request, create a time synchronization configuration and activate the time synchronization service with the configuration.
Inputs, Required: Reference to time synchronization capability set, user plane node ID, mandatory service parameters as described in Table 4.15.9.3-1.
Inputs, Optional: Optional service parameters as described in Table 4.15.9.3-1.
Outputs, Required: Operation execution result indication, in successful operation the time synchronization configuration id.
Outputs, Optional: None.
[bookmark: _Toc75412262]5.2.27.2.3	Ntsctsf_TimeSynchronization_ConfigUpdate operation
Service operation name: Ntsctsf_TimeSynchronization_ConfigUpdate
Description: Authorize the request and forward the request to update the time synchronization configuration.
Inputs, Required: Time synchronization configuration id.
Inputs, Optional: Same service parameters as in Ntsctsf_TimeSynchronization_ConfigCreate input.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412263]5.2.27.2.4	Ntsctsf_ TimeSynchronization_ConfigDelete operation
Service operation name: Ntsctsf_TimeSynchronization_ConfigDelete
Description: Authorize the request, delete the time synchronization configuration, and deactivate the corresponding time synchronization service.
Inputs, Required: Time synchronization configuration id.
Inputs, Optional: None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412264]5.2.27.2.5	Ntsctsf_ TimeSynchronization_ConfigUpdateNotify operation
Service operation name: Ntsctsf_ TimeSynchronization_ConfigUpdateNotify
Description: Forward the notification for the time synchronization configuration
Known NF Service Consumers: AF.
Inputs, Required: Notification Correlation ID
Inputs, Optional: Current state of the time synchronization configuration
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412265]5.2.27.2.6	Ntsctsf_TimeSynchronization_CapsSubscribe operation
Service operation name: Ntsctsf_TimeSynchronization_CapsSubscribe
Description: The AF subscribes to receive notification about time synchronization for a UE or a DNN/S-NSSAI combination.
Inputs, Required: Time synchronization configuration idEvent ID, notification target address and notification correlation id.
Inputs, Optional: Report Type (can be either one-time reporting, periodic reporting or event based reporting), (DNN, S-NSSAI), or AF-Service-Identifier, or GPSI(s), or External Group Identifier, or UE address(es) (i.e. IP address/prefix or MAC address).
Outputs, Required: Operation execution result indication, Subscription Correlation ID.
Outputs, Optional: None.
[bookmark: _Toc75412266]5.2.27.2.7	Ntsctsf_TimeSynchronization_CapsUnsubscribe operation
Service operation name: Ntsctsf_TimeSynchronization_CapsUnsubscribe
Description: The AF unsubscribes to receive notification about time synchronization for a UE or a DNN/S-NSSAI combination.
Inputs, Required: Subscription Correlation IDTime synchronization configuration id, notification target address and notification correlation id.
Inputs, Optional: Report Type (can be either One-time report, Continuous report, or on Change)None.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
[bookmark: _Toc75412267]5.2.27.2.8	Ntsctsf_TimeSynchronization_CapsNotify operation
Service operation name: Ntsctsf_TimeSynchronization_CapsNotify
Description: Forward the notification for the time synchronization configuration.
Known NF Service Consumers: AF.
Inputs, Required: Notification Correlation ID, Time Synchronization capability as described in Table 4.15.9.2-1.
Inputs, Optional: NoneCurrent state of the time synchronization configuration.
Outputs, Required: Operation execution result indication.
Outputs, Optional: None.
* * * * End of changes * * * *
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