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	Reason for change:
	TS 23.501 contains the following Editor's notes:

Editor's note:	The clock accuracy attribute for time synchronization configuration, NEF exposure of 5G time domain accuracy, AF input regarding requested accuracy and use of time sync accuracy within 5G System is FFS.
RAN2 indicated in R2-2106560 that RAN2 sees some benefits in receiving the Uu time synchronization error budget from the core network.

	
	

	Summary of change:
	- Clarify that "Time synchronization error budget" can be provided by AF to NEF / TSCTSF (the coding of the parameter can be left to Stage 3).
- Time synchronization error budget defines an upper bound for time synchronization errors introduced by 5GS
- TSCTSF derives the Uu interface time synchronization error budget from the Time synchronization error budget taking the selected time distribution method and further aspects into account.
- TSCTSF stores the Uu interface time synchronization error budget together with an indication to activate the reference time distribution in the UDR.
- UDR notifies the AM-PCF of the change of the reference time distribution indication and Uu interface time synchronization error budget. 
- PCF initiates an AM Policy Association Modification procedure to provide the reference time distribution indication and Uu interface time synchronization error budget to NG-RAN.
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[bookmark: _Toc75440860][bookmark: _Toc20204474][bookmark: _Toc27895173][bookmark: _Toc36192270][bookmark: _Toc45193383][bookmark: _Toc47593015][bookmark: _Toc51835102][bookmark: _Toc68062314]5.27.1.8	Exposure of Time Synchronization
5G System supports time synchronization service that can be activated and deactivated by AF. Exposure of time synchronization comprises the following capabilities:
-	The AF may learn 5GS and/or UE availability and capabilities for time synchronization service.
-	The AF may request to control the (g)PTP time synchronization service with specific service parameters for targeted UE(s). The AF controls activation and deactivation of the time synchronization service for the target UE(s).	Comment by QC_2: Generalizing the bullet to also cover 5G clock sync
-	The AF may request to control the 5G reference time distribution for targeted UE(s).	Comment by QC_2: Bullet can be removed as it is now covered in the generalized bullet above.
The AF may subscribe for 5GS and/or UE availability and capabilities for time synchronization service. The AF indicates in the request the DNN, S-NSSAI, and in addition the AF may indicate a list of UE identities or group identity to limit the subscription only to corresponding UEs. If the AF does not indicate DNN, S-NSSAI, the NEF determines the DNN, S-NSSAI based on the AF identity.
The NEF exposes the 5GS and/or UE availability and capabilities for synchronization service to the AF. The exposed information includes the list of UE identities and may include the supported time synchronization distribution methods (i.e. supported IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation modes), (g)PTP grandmaster capable, 5G Clock quality. The NEF exposure of UE availability and capabilities for (g)PTP time synchronization service is described in clause 4.15.9.2 of TS 23.502 [3].
The AF request to control the (g)PTP time synchronization service is sent to the NEF and may target a UE or multiple UEs. The request may be targeted to:
Individual UEs identified using GPSI, Group of UEs identified using External Group Identity, or an IP address/Prefix or a MAC address, or any UE accessing the combination of DNN, S-NSSAI.
The AF request includes requested time synchronization distribution method (IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation (i.e. as a Boundary Clock, peer-to-peer Transparent Clock, or end-to-end Transparent Clock or as a PTP relay instance)). The request to control the (g)PTP time synchronization service may contain other service parameters as described in clause 4.15.9.3 of TS 23.502 [3].
The AF may request to use the 5G clock sync as a time synchronization distribution method. In this case, the time source is provided by the 5GS. 5G-AN provides a 5GS reference time to the UE via 3GPP radio access; UE/DS-TT may provide 5G reference timing information to end stations using implementation specific means. This method is applicable for both IP and ETH PDU Sessions. The request to control the 5G reference time distribution is described in clause 4.15.9.4 of TS 23.502 [3].
Editor's note:	The clock accuracy attribute for time synchronization configuration, NEF exposure of 5G time domain accuracy, AF input regarding requested accuracy and use of time sync accuracy within 5G System is FFS.
The AF request may also include a time synchronization error budget. The time synchronization error budget defines an upper bound for time synchronization errors introduced by 5GS. An AF may request the following values: 1us, 10us, 100us, 500ns, or 1ms.
The TSCTSF uses the Time Synchronization parameters received from AF (directly or via NEF) to control the time synchronization service. When IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation have been selected, the TSCTSF determines the necessary (g)PTP parameters to activate and control the service in DS-TT(s) and NW-TTs. For this purpose, the TSCTSF uses the PMIC or BMIC to manage the IEEE Std 1588 [126] or IEEE Std 802.1AS [104] operation in the DS-TT or NW-TT, respectively (see clause 5.27.1.4).
If the AF included a time synchronization error budget in the request, the TSCTSF derives the error budget available for the NG-RAN to provide the 5GS reference time to each targeted UE via the Uu interface (referred to as Uu interface time synchronization error budget hereafter). To derive the Uu interface time synchronization error budget for each targeted UE, the TSCTSF takes the following into account:
-	selected time synchronization distribution method (5G clock sync or (g)PTP based time distribution);
-	whether 5GS operates as a boundary clock and acts as a GM or whether a clock connected to DS-TT/NW-TT acts as GM in case of (g)PTP based time distribution;
-	PTP port states in case of (g)PTP based time distribution.
If the AF has not included a time synchronization error budget, the TSCTSF uses a preconfigured time synchronization error budget to derive the Uu interface time synchronization error budget.
TSCTSF provides a reference time distribution indication and the Uu interface time synchronization error budget to NG-RAN as described in TS 23.502 [3] clause 4.15.9.3. Based on this, NG-RAN provides the 5GS reference time to the UEs according to the Uu interface time synchronization error budget as provided by the TSCTSF (if supported by UE and NG-RAN).
NOTE:	This release of the specification assumes that deployments ensure that the targeted UEs and the NG-RAN nodes service those UEs support Rel-17 propagation delay compensation as defined in TS 36.300 [30].
Editor's note:	Handling of PMIC exchange with UE(s) in idle mode is FFS.
The NEF stores the Notification Target Address in the UDR for the combination of DSS and S-NSSAI until the target UE establishes the PDU Session to this DNN/S-NSSAI. The PCF can retrieve the Notification Target Address from the UDR based on the DNN/S-NSSAI. The PCF notifies the NEF for the PDU session establishment using the Notification Target Address as received from the UDR. The NEF deletes the Notification Target Address from the UDR when it completes a time synchronization deactivation request for this DNN/S-NSSAI.
For handling (g)PTP traffic, the PCF, according to PCC rule authorization, chooses a 5QI and dynamically set the PDB and/or MDBV according to requirements for (g)PTP protocol. The PCF provides the SMF with a PCC rule generated based on the AF request to control the (g)PTP time synchronization service to the NEF. The SMF may take the information in the PCC rule to modify a PDU Session to create or modify or release a QoS flow for transmitting the (g)PTP messages. The PCF acknowledges the policy request to the TSCTSF. The TSCTSF may report the result of the time synchronization request to the AF (directly or via NEF).
The AF may provide a temporal validity condition to the TSCTSF (directly or via NEF) when the AF activates the time synchronization service. Temporal validity condition contains the start-time and stop-time (in absolute time value) attributes that describe the time period when the time synchronization service is active for the targeted AF sessions. If the start-time and/or the stop-time of the Temporal Validity Condition is in the future, the TSCTSF maintains the start-time and stop-time for the time synchronization service for the corresponding AF Session(s). If the start-time is in the past, the TSCTSF treats the AF request as if the time synchronization service was activated immediately. When the start-time or stop-time is reached, the TSCTSF sends PMIC/BMIC signalling to configure the (g)PTP functionality in DS-TT(s) and NW-TT for activating or deactivating time synchronization service to the corresponding AF Session(s), and enables or disables the 5GS reference time distribution to the respective UEs (as AF requested time synchronization distribution method described in this clause).
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