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	Summary of change:
	Following is proposed:
1) It is proposed to define standardized time sync accuracy levels.
2) AF provides Time synchronization accuracy requirement
3) TSC TSF derives 5GS Time sync accuracy level from standardized list of Time Sync accuracy levels, considering also UPF induced time sync error. The derived accuracy level is then signaled towards the NG-RAN.

When evaluating time synchronization accuracy within 5GS, the considered RAN time synchronization scenarios may involve one (e.g. control-to-control GM behind CN and smart grid) or two (e.g. control-to-control GM behind UE) Uu interface(s). However, the serving gNB(s) cannot determine which scenario applies. The gNB is responsible of providing 5G clock time information to the UE via SIB9 and/or RRC but it is unaware of the time synchronization network topology that may be configured on top of the 5G clock synchronization process (e.g. NW-TT involvement for (g)PTP). Without the knowledge of the time synchronization scenario, the Uu synchronicity budget bounds (i.e. bounds of the 5GS time synchronization error between the UE and the gNB-DU) per UE cannot be derived to assist time information distribution configuration (referenceTimeInfo) or time synchronization enhancements such as PDC decision. 

RAN1 is studying the PDC method to address the time synchronization accuracy requirements of the 3 RAN scenarios. Two main alternatives are under consideration (as shown in Figure 1): TA-based PDC and RTT-based PDC (relying on Rx-Tx measurement currently known from the Multi-RTT procedure used for positioning purposes). 

The minimum signaling required for the RTT-based PD estimation method is an DL and UL Reference Signal (RS) and an Rx-Tx measurement report. Both nodes conduct an Rx-Tx measurement, but only one reports the Rx-Tx measurement to the node combining the two measurements to obtain an RTT estimation. On the other hand, support of legacy TA-based (Release-16) for PDC estimation, as it is sufficiently accurate, adds no additional overhead and requires no enhancements to handle at least the smart grid scenario (other additional enhancements considered for TA can extend the support to other RAN scenarios) (see discussion in R1-2102821):
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Figure 1: PDC methods under consideration in RAN.

For R17, it is assumed RAN2 will include in the specification an optional UE capability associated with higher accuracy PD estimation to the standard to trigger the PDC configuration at gNB/UE when needed. 

Another aspect for time synchronization service is  how often timing information needs to be provided to maintain accuracy at the UE, including during mobility events. The RAN needs to make assumptions regarding the filtering/holdover capabilities which may reside in the UE, DS-TT, or in the application (external to 3GPP). It is proposed to add a “Note” that a device can be assumed to have holdover capability to maintain its synchronized time with an accuracy corresponding to the UE modulated carrier frequency error requirement. This corresponds to a drift of maximal 16ns during a typical SIB9 rate of 160ms (based on TS 38.101-1). 
For mobility events, it is agreed in RAN2 that ignore time-sync drift during handovers can be ignored (RAN2 #113e Chairman’s Notes), as attached:

Assumptions:
-     There is no UE clock drift issue to be addressed
-     The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  
Agreements
-     gPTP message interruption during mobility is not considered in the Rel-17 IIoT WI (i.e. no further specification impact are considered)
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---Start of the 2nd Change---

[bookmark: _Toc68015777]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).
-	The AF may request to control the 5G reference time distribution for targeted UE(s).
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 or TSCTSF exposes the 5GS and/or UE availability and capabilities for time 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 or 5G clock sync), (g)PTP grandmaster capable, 5G Clock quality. The NEF and TSCTSF exposure of UE availability and capabilities for (g)PTP time synchronization service is are 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 or TSCTSF 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 include time synchronization accuracy level. The time synchronization accuracy level defines an upper bound for the synchronicity budget for the 5GS time distribution process as described in clause 5.27.1.9.
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 BUMIC 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).
Editor's note:	Handling of PMIC exchange with UE(s) in idle mode is FFS.
The NEF TSCTSF 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 TSCTSF for the PDU session establishment using the Notification Target Address as received from the UDR. The NEF TSCTSF 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 UMIC 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). The TSCTSF may be subscribed to UE reachability at the AMF to determine if PMIC is needed to activate or deactivate (g)PTP functionality or the current UE state does not require to initiate PMIC forwarding to update the DS-TT(s) operation.  

---Start of the 3rd Change---
5.27.1.9	Support for 5G internal system clock influence
Time synchronization service configuration within 5GS may influence the distribution of 5G internal system clock to the UE(s). The time synchronization accuracy level provided by the AF or based on 5GS constraints can be used as a reference to determine the time synchronization error budget at the Uu interface. That is, to assist the NG-RAN to determine how to provide ReferenceTimeInfo IE to the targeted UE(s) (as described in TS 38.331 [28]), the need for propagation delay compensation for higher accuracy propagation delay estimation (if the UE supports the capability), or time information transfer during mobility events to the targeted UE(s). 
The TSCTSF uses the Time synchronization accuracy provided by AF (directly or via NEF) in order to determine Time synchronization accuracy level (as specified in table 5.27.1.9-1) and this is eventually provided to NG-RAN as specified in TS 23.502[3] clause 4.15.9.4. AN Time Synchronization budget determination is described in Annex L.
The NG-RAN shall reject the AN synchronization budget received from the TSCTSF if the derived Uu synchronization budget is not supported by the NG-RAN. The TSCTSF may, based on NG-RAN result, reject AF time synchronization service request to the AF.
The Time synchronization accuracy level values map to standardized combination as specified in Table 5.27.1.9-1.
Table 5.27.1.9-1: Standardized time synchronization accuracy level mapping
	Accuracy level
	Time synchronization accuracy value 
(NOTE 1, 2, 3)

	1
	1ms

	2
	100us

	3
	10us

	4
	1us

	5
	500ns

	NOTE 1:	The time synchronization accuracy value may be used at the NG-RAN to calculate an upper/lower bound error budget for the distribution of 5G internal system clock over Uu interface using additional information such as the type and accuracy of the synchronization source available at the NG-RAN node. For example, gNB synchronization implementation error marging depends on where the NG-RAN node synchronization source is located:
 i) Local on-site GNSS receiver may have a 100ns absolute time error or 200ns relative time error between nodes.
ii) Local on-site clock may neglect time error.
iii) Remote clock using cascaded PTP capable transport network connections may have N*40ns time error, where N is the number of PTP hops.
NOTE 2:    To derive AN synchronization budget bounds, TSCTSF may assume the following:
- Device synchronization implementation error margin range is assumed to be ±50ns to ±100ns.
NOTE 3:	The NG-RAN node assumes the device holdover capabilities (for example, ± 0.1 PPM observed over a period of 1 ms as for UE modulated carrier frequency error requirement in TS 38.101 [X]) to determine the periodicity of the ReferenceTimeInfo distribution or additional time information transfer during mobility events.



---Start of the 4th Change---
[bookmark: _Toc75441148][bookmark: _Toc45184112][bookmark: _Toc47342954][bookmark: _Toc51769656][bookmark: _Toc68016015]7.2.26	TSCTSF Services
The following NF services are specified for TSCTSF.
Table 7.2.26-1: NF Services provided by TSCTSF
	Service Name
	Description
	Reference in TS 23.502 [3]

	Ntsctsf_TimeSynchronization
	Provides support for time synchronization service based on (g)PTP PTP or 5G internal system clock as described in clause 4.4.8.3. Allows the NF consumer to subscribe for the UE and 5GC capabilities for (g)PTP PTP or 5G internal system clock based time synchronization service. Allows the NF consumer to configure the UEs and the 5GC for the (g)PTP PTP or 5G internal system clock based time synchronization service.
	4.15.9

	Ntsctsf_QoSand TSCAssistance
	Allows the NF consumer to provide QoS parameters and information to create TSC Assistance Container.
	4.15.6.6


---Start of the 5th Change---

[bookmark: _Toc27847130][bookmark: _Toc36188263][bookmark: _Toc45184177][bookmark: _Toc47343019][bookmark: _Toc51769722][bookmark: _Toc75441208]I.1	Determination of Time Synchronization budget
The TSCTSF uses the Time synchronization accuracy provided by AF (directly or via NEF) in order to determine Time synchronization accuracy level (as specified in table 5.27.1.9-1) and this is eventually provided to NG-RAN as specified in TS 23.502[3] clause 4.15.9.4. The following components may be included in the time synchronization budget estimation:
-	Device synchronization budget.
-	AN synchronization budget: an upper bound for the time synchronization inaccuracy introduced by the clock topology between the 5G clock and NG-RAN (i.e. gNB synchronization budget) and the Uu interface between the NG-RAN and the UE (i.e. Uu synchronization budget). 
		AN synchronization budget = Uu synchronization budget + gNB synchronization budget
-	CN synchronization budget: an upper bound for the time synchronization inaccuracy introduced by the clock topology between the 5G clock and UPF/NW-TT.
The TSCTSF calculates the AN time synchronization error budget and as a result adjusts the Time synchronization accuracy level received from the AF (directly or via NEF) before sending it to the NG-RAN. Depending on the time synchronization scenario, the AN time synchronization error budget that is provided by the TSCTSF to the NG-RAN can be derived as follows:
-	5G clock sync: 
	AN synchronization budget = time synchronization accuracy requirement - Device synchronization error budget
-	(g)PTP-based time synchronization if ingress/egress PTP ports are at DS-TT and NW-TT:
AN synchronization budget = time synchronization accuracy requirement - CN synchronization budget - Device synchronization error budget
NOTE 1:	When the 5GS operates as a boundary clock and 5GS acts as GM or (g)PTP-based time synchronization uses an external GM connected to DS-TT or NW-TT, the Device and CN error components considered in the time synchronization error budget are due to DS-TT and NW-TT timestamping operation based on the 5G clock. 
-	(g)PTP-based time synchronization if ingress/egress PTP ports are only at DS-TTs:
AN synchronization budget for UE 1 and UE 2 (in case of UE-1 to UE-2 scenario) = time synchronization accuracy requirement – 2 * Device synchronization error budget. 
NOTE 2:	When the ingress and egress PTP ports are DS-TTs, the TSCTSF derives the AN synchronization budget per UE as the clocks used at the network entities (e.g. the serving gNB(s), the DS-TTs for (g)PTP timestamping) may have a positive or negative deviation from the 5G GM clock.
To determine the scenario that applies (i.e. the time source to be used and the time information distribution chain), the TSCTSF may use BMCA result (as described in clause 5.27.1.6) or AF time synchronization service request(s). 



---End of Changes---
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