3GPP TSG-SA WG2#153E e-meeting	S2-2208398
Elbonia, 10–17 October 2022	

Source:	Ericsson
Title:	KI #1, Sol #14: Update to address ENs
Document for:	Approval
Agenda Item:	9.7.1
Work Item / Release:	FS_5TRS_URLLC / Rel-18
[bookmark: _Hlk99049711]Abstract of the contribution: This paper proposes changes in Solution #14 in order to address pending Editor’s Notes. This paper was postponed from previous SA2 meeting #152E.

1. Discussion
This contribution aims at clarifying the impact of Solution #14, TR 23.700-25, highlighting the aspects of the solution that are in scope, and answer the editor’s notes. However, before doing that it is worth summing up. 
Phase and frequency synchronization are constituent parts of the time synchronization signal and, when provided to a client network, could ensure a backup timing solution in case the local time reference fails. In the case of assisted timing, highly accurate and stable phase/frequency information extracted from the radio frame structure in 5GS is combined with a local time reference to obtain a relation between the phases and use this relationship to maintain the performance of the local time reference. Note that a similar concept, known as assisted partial timing support, is specified by ITU-T in G.8275 and G.8271.2. In the case of complement timing, the 5GS-provided phase/frequency reference can be used to resolve timing inaccuracy of the primary source and achieve accuracies below 1μs in some cases. Moreover, the assisted and complement timing support has a low impact on the 5G network. The solution requires:
· to specify the corresponding parameter (e.g., phase/frequency accuracy, type of timing information) for AF requests and add them to UE subscription data. Note that phase/accuracy errors, both are well-defined in 3GPP RAN WGs. For instance, BS frequency error is specified in clause 6.5.1 of TS38.104, whereas cell phase synchronization accuracy is specified in clause 7.4.1 of TS 38.133 as the deviation in frame start timing and hence not related to the RF carrier phase.
· To deliver/pass these parameters (their values) to NG-RAN (similarly as it is done for time synchronization error budget); and 
· to inform a UE about a type of output it expects to deliver. Note that details on how UEs implement the output are not specified.
Newly added parameters and their levels will be considered by TSCTSF when deciding whether there are changes in the status of the ongoing time synchronization service. Hence, the assisted and complement timing support relies on status reporting and reuses the existing services and procedures, and therefore the solution is in the scope of this SID and KI#1 in particular.
The impact of solution #14 is summarized as follows (see related numbers in Figure 1): 
1. When the AF requests a synchronization service with specific requirements, it may include additional parameters (e.g., indication about type of timing: time, phase, or frequency synchronization, and required accuracy provided by the 5G network);
			Error budget and accuracy terms used interchangeably.
2. TSCTSF sends this information to gNB (using the ASTI procedures defined in clause 4.15.9.4 of TS 23.502) together with respective accuracy:
· Phase accuracy (without time scale): same as with time accuracy/error budget but without time scale (per UE),
· Frequency accuracy, (typically measured in terms of fractional frequency deviation), no need for TSCTSF to calculate explicit value per UE;
3. gNB behavior (e.g., timing signal)  is same as in Rel-17 but without sending SIB/RRC messages in case of phase and frequency timing/sync;
4. In case of phase or frequency, the UE shall be informed the type of output and that the UE does not need to expect SIB/RRC for the purpose of providing timeing (still status may be provided using those messages).
[image: ]
Figure 1. Solution #14 impacts in 5GS.

Regarding EN: Whether this solution is in scope of the key issue is FFS.
· The solution enables timing resiliency based on the synchronization status report; this is not a proposal of a new service, instead a sub-set of the current service by using phase/frequency information to provide timing resiliency options. 
· The solution supports providing the status report for any type of timing (time, frequency, phase). A Status Report is provided only when the requirements are no longer being satisfied (and after the requirements are met again). We now propose that there is no need to provide actual values but simply state (with Boolean variable, e.g., service OK, Not OK) when there is degradation or when service is back to normal. There is no need to provide all internal network parameters to the external network, which has already stated the level of service (e.g., via SLA).
· New (optional) time sync parameters: parameters required to support/enable timing resiliency, in particular those related to assisted/complement timing. Required parameters (service level required) to determine the status report (actual service).
· Note that AS timing distribution method indicates that timing is delivered via implementation-specific means, hence frequency or phase timing can be one of those means. Also like with time, how UE generates frequency/phase timing signal is not specified. However, NG-RAN and UE needs to be informed about which type of output (phase or frequency signal) will be delivered to support a primary time source in case it fails. Hence, there is a certain requirement on the type of output a time synchronization service may request.
Regarding EN: It is FFS whether to include this list of specific parameters as part of the subscription data related to KI #3.
· This solution is closely related to KI #3, in that the parameters can be provided via UE subscription, and that informing the UE can also be achieved with proposed subcription solutions (ex. via single RRC message). Note that  Solution #3 for KI #1, and Solutions in KI #3 mention including timing resiliency parameters.
Regarding EN: Details of RAN behaviour for phase/frequency sync, and related to that the need for additional information to be sent to RAN to trigger such behaviour is FFS.
To understand the behaviour, it is good to see the differences in the following figures for every case: (i) time synchronization, (ii) phase synchronization, (iii) frequency synchronization.
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Figure 2. Time synchronization as supported in Release 17: note that SIB/RRC messages are needed and there is an actual UTC time time stamped. The output is aligned with the 5G GM as a time scale.
[image: ]
Figure 3. Phase synchronization, which is a sub-set of the time synchronization service: note that no SIB/RRC messages are needed and there is no UTC time stamp. The output is the phase, which is aligned with the 5G GM but without time scale.
Note that UE uses the radio frame structure to generate a strobe signal (pulse) at the beginning of each radio frame in order to output the stable phase signal. This is not the modulation frequency of phase and not to be confused or related to RF carrier phase. Phase synchronization refers to as TDD cell phase synchronization defined in 3GPP specifications as a deviation in frame start timing. See TS 38.133, clause 7.4 for the definition of TDD cell phase synchronization.
If propagation delay compensation is needed in the case of phase synchronization, it is applied exactly as it is done for time synchronization. 
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Figure 4. Frequency synchronization, which is a sub-set of the time synchronization service: note that here as well there is no need SIB/RRC messages, with no UTC time stamps. The frequency is not affected by the propagation delay, so there is no need for propagation delay compensation methods. The output is frequency, e.g., 1 pps, which is based on the frequency carried by the signal.
Note that UE internal clock gets locked to the frequency of the BS carrier that was allocated. Then this locked stable frequency can be divided by an integer such that the output can be a standard analogue signal such as: 2MHz, 10 MHz, etc. The frequency error of BS is limited and well defined in 3GPP specifications. See TS 38.104, clause 6.5.1.
RAN impacts:
· gNB: there is no impact in the operation, it simply does not need to send SIB/RRC. Requires an input to know whether to send SIB/RRC messageswhat type of timing to output (phase or frequency). Note that, in case of TDD, phase is in general alignmednt with UTC is provided by default. Similar to time error budget per UE, AF-provided phase accuracy or frequency accuracy needs to be considered.
· Detection of frequency deviation or phase error compared to the provided frequency or phase accuracy, respectively. Then the status information towards the TSCTSF will contain this information only in case of misalignment (in order to minimize unnecessary signalling to TSCTSF)
· Detection and reporting of sync errors or degradation for frequency/phase sync is a subset of the time sync case, i.e., certain failures will not affect the service when using phase/frequency timing
· e.g., when delay propagation compensation method is not working, it does not affect frequency sync, when there is a SIB failure, it does not affect phase sync or frequency sync.
· The detection and periodicity of reporting failures in frequency/phase sync is as frequent (but can be less) than for the time sync case. 
· Timing resiliency parameters related to assisted/complement timing to be included in the UE subscription data.
· UE: is informed the type of output to provide (at DS-TT port) and that it does nothence UE knows that it does not need to expect SIB/RRC for the purpose of providing timing (still status may be provided using those messages). 
· e.g., via a single RRC message

Regarding EN: The purpose of the timing resiliency parameters for (g)PTP-based timing synchronization is FFS.
· (g)PTP messages can also be used for frequency/phase timing delivery. Even for (g)PTP time distribution, TSCTSF uses the procedure in clause 4.15.9.4 to manage the 5G AS time distribution for the UEs that are part of the impacted PTP instance, and deliver the parameters to NG-RAN
Regarding EN: The reasons to update Announce messages at DS-TT/NW-TT and how to trigger this behaviour is FFS.
· The processing of (g)PTP messages does not change due to the type of timing. If there are changes (e.g., clockQuality), need to generate/update the Announce messages as specified in TS 23.501, K2.2 is applied.
Regarding EN: “Editor’s note: It should be noted that frequency/phase errors will be very specific to the operation of the gNB (band of operation, SCS, etc), so they may change in the short-term and if the requested error budget is strict, the phase/frequency error may be exceeded more often. It needs to be clarified how the operational and inherent errors that may occur due to band, SCS etc., are differentiated and only long term errors are considered. This needs to be clarified with RAN1/RAN4 WGs.” added during last SA2 #152e:
· The frequency is related to the band and carrier frequency. For RF purpose (for RF needed for band separation, UE cell search handover etc.) frequency error is already a defined parameter and specified/tested with clear definitions in 3GPP (see TS 38.104 [Y], clause 6.5.1) to max +/- 50ppb for wide area gNB (+/-100ppb for other cases) but generally in reality it is better than this in practice (and timing related services can make use of it as already described). The phase is related to radio frame structures (and not RF carrier phase), e.g., for TDD cell phase synchronization is defined in 3GPP specifications as a deviation in frame start timing (see TS 38.133, clause 7.4).
2. Text proposal
[bookmark: _Hlk99049743]Based on the discussion above, it is proposed to agree on the following changes to Solution #14 in TR 23.700-25:
>>>> Start of Changes <<<< 
[bookmark: _Toc104964521]6.14	Solution #14: Assisted and Complement Timing Support
[bookmark: _Toc104964522]6.14.0	Summary of the solution
Phase and frequency synchronization are constituent parts of the time synchronization signal and, when provided to a client network, could ensure a backup timing solution in case the local time reference fails. In the case of assisted timing, highly accurate and stable phase/frequency information extracted from the radio frame structure in 5GS is combined with a local time reference to obtain a relation between the phases and use this relationship to maintain the performance of the local time reference. Note that a similar concept, known as assisted partial timing support, is specified by ITU-T in G.8275 and G.8271.2. In the case of complement timing, the 5GS-provided phase/frequency reference can be used to resolve timing inaccuracy of the primary source and achieve accuracies below 1μs in some cases. Moreover, the assisted and complement timing support has a low impact on the 5G network. The solution requires:
· to specify the corresponding parameter (e.g., phase/frequency accuracy, type of timing information) for AF requests and add them to UE subscription data. Note that phase/accuracy errors, both are well-defined in 3GPP RAN WGs. For instance, BS frequency error is specified in clause 6.5.1 of TS38.104, whereas cell phase synchronization accuracy is specified in clause 7.4.1 of TS 38.133 as the deviation in frame start timing and hence not related to the RF carrier phase.
· To deliver/pass these parameters (their values) to NG-RAN (similarly as it is done for time synchronization error budget); and 
· to inform a UE about a type of output it expects to deliver. Note that details on how UEs implement the output are not specified.
Newly added parameters and their levels will be considered by TSCTSF when deciding whether there are changes in the status of the ongoing time synchronization service. Hence, the assisted and complement timing support relies on status reporting and reuses the existing services and procedures, and therefore the solution is in the scope of this SID and KI#1 in particular.
6.14.1	General
Editor's note:	Whether this solution is in scope of the key issue is FFS.
This solution addresses service requirements and status report content when timing resiliency service is delivered in a simplified manner, i.e., a sub-set of current time synchronization service supported in Rel-17. The solution is addressing the requirement for timing resiliency towards a client network (external network that requires a resilient timing service by the 5GS), e.g., as backup when the local primary time source fails, or as a complement to calibrate an inaccurate local primary timing source in the client network.
If Timing Resiliency is required, the client network should receive feedback (status report) whenever the service requirements (e.g., time error budget, UTC traceability, frequency/phase accuracy, etc.) are out of the agreed range (or when they are back into the agreed range). Moreover, status reports content just indicate that requirements were not achieved (or achieved again), instead of including the actual values of the parameters. How to provide the status report is out of the scope in this solution.
In these casesWhen the client network requires this specific type of timing, delivering a stable and accurate phase or frequency is sufficient (no need to deliver time information over the 5G network). Indeed, the same process to deliver timing to the UE is followed as per Rel-17, except that no SIB/RRC messages are required. For this reason, UE is required to know that it does not need to expect SIB/RRC messages in order to receive timing, and the output to be provided (phase/frequency). This can be done e.g., by using a single RRC message.
For the case of frequency, there is no need to apply any delay propagation compensation method. Note that since frequency/phase synchronization are a sub-set of the time synchronization service, the number of synchronization failure detections and rate of reporting for phase or frequency timing is less or equal compared to the case of time synchronization. For instance, when propagation delay compensation methods are not working, it does not affect the frequency synchronization, and when there is a SIB failure, it does not affect phase or frequency synchronization. The frequency error of gNB is limited and well defined in 3GPP RAN specifications, TS 38.104 [Y], clause 6.5.1
Editor’s note: Whether existing propagation delay propagation methods can equally be applied for the case of phase synchronization needs to be clarified by RAN WGs.


This solution proposes to support Assisted Timing to can provide backup timing service which if applied to 5GS implies a low impact since the only timing information to be provided is a stable phase or frequency only. As an alternative, the stable phase synchronization could be offered in order to complement (by calibrating) the external inaccurate primary local source, i.e., Complement Timing. In the case of Complement Timing where timing information is provided in terms of phase synchronization, NG-RAN is required to deliver phase synchronization (frequency synchronization is not sufficient).
If the client network supports receiving some form of assisted/complement timing and requires Timing Resiliency from 5GS via the already supported Time Synchronization service activation, the 5GS will be able to provide assisted/complement timing, where the timing information may be phase or frequency. The AF request therefore may indicate during the Time Synchronization service activation, that Timing Resiliency is required, and whether assisted or complement timing is required, the type to timing information (phase or frequency). Additional parameters need to be provided such as service availability (including holdover time), and frequency/phase accuracy compared to UTC frequency/phase, respectively. Like with per-Uu interface time error budget, the frequency/phase accuracy ishas to be calculated the same way as error budget is calculated in TSCTSF per UE (per Uu interface) by TSCTSFwhich will be then and provided to NG-RAN. In the case of frequency accuracy, TSCTSF needs not make any change, the value is to be delivered to NG-RAN as provided by AF. The timing service can be provided over different types of external interfaces, e.g. (g)PTP as defined in TS 23.501 [2] or by an implementation specific interface.	Comment by Nokia:  	Comment by Ericsson02: EN removed.
Frequency/phase accuracy are not added on top of time error budget, it simply based on the required service that one or the other is provided. Can time error budget be reused to generate frequency or phase accuracy? There is a hierarchy between frequency/phase and time e.g., frequency synchronization can be derived from time synchronization, but time synchronization cannot be derived from frequency synchronization. Frequency accuracy is measured as fractional frequency deviation (G.810) and it is a general value not to be calculated specifically per Uu (that is, the value provided as requirement, e.g., by AF is not changed by TSCTSF). Phase accuracy will have a similar budget as time, and that is why the calculation at TSCTSF for per Uu is stated as the same as the calculation for time synchronization. Phase lacks the relation to a common absolute time like UTC time used for time service e.g., the phase error on the radio frames does of not include any offset error to UTC and hence they are by nature different. Hence these are different requirements for different type of timings, and it is strange to consider that time error budget can be converted to the frequency/phase accuracy requirement. The 5GS might have a very accurate frequency sync (or phase sync) but time sync might be less accurate (e.g., stable but with large offset to e.g., UTC).

If Timing Resiliency is required, the client network should receive feedback (status report) whenever the service requirements (e.g. time error budget, UTC traceability, frequency/phase accuracy, etc.) are out of the agreed range. Moreover, status reports content just indicate that requirements were not achieved, instead of including the actual values of the parameters. How to provide the status report is out of the scope in this solution.
[bookmark: _Toc104964523]6.14.2	Functional Description
This solution is based on the following principles:
-	AF may include in its request for time synchronization service the following:
-	Timing Resiliency requirement, including the following parameters (also available in the subscription data for time synchronization):
-	Assisted or complement timing requirement;
-	Type of timing information required (phase or frequency);
-	Frequency/phase accuracy requirement compared to UTC frequency/phase, respectively.
NOTE 1:	Conclusion from KI #3 can be used to consolidate the subscription parameters needs from this study.
Editor's note:	It is FFS whether to include this list of specific parameters as part of the subscription data related to KI #3.
NOTE 2:	Other parameters such as service availability (including holdover time) and stability level of the timing information (time, phase or frequency) are relevant and can apply to this solution.
-	Status report is sent to UE application and to AF when one or more agreed requirements are out of range, indicating that service requirements are not achieved.
[bookmark: _Toc104964524]6.14.3	Procedures
Existing time synchronization activation procedures (see clause 4.15.9 of TS 23.502 [3]) are reused, where the AF request content is modified to include Timing Resiliency requirement, whether assisted/complement timing is required, the type of timing information (phase or frequency), frequency/phase accuracy.
Extract of clauses from TS 23.502 [3] (using approved S2-2203232 from SA WG2 meeting #150E for clause 4.15.9.4) are presented showing the changes proposed to support this solution.
NOTE:	Except for clause 4.15.9.3.1, where time synchronization parameters are added, procedures in clause 4.15.9.3 remain unchanged.
Clause 4.15.9.4 of TS 23.502 [3] is also modified to add parameters to the time synchronization table, to state that TSCTSF calculates the Uu frequency/phase accuracy, and to transfer time resiliency parameters (including assisted or complement timing requirement, timing information type, frequency/phase accuracy), likewise Uu time synchronization error budget, to NG-RAN.
[bookmark: _Toc104964525]6.14.3.1	Procedures for (g)PTP time distribution
To procedures are presented as changes (underlined text) to clause 4.15.9.3.1 of TS 23.502 [3], as follows:	Comment by Ericsson: Keeping changes with respect to specifications underlined.
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 synchronization service configuration.
The Nnef_TimeSynchronization_ConfigCreate and Nnef_TimeSynchronization_ConfigUpdate request may contain the parameters as described in Table 6.14.3.1-1.
Table 6.14.3.1-1: Description of Time Synchronization service parameters
	Time Synchronization Parameter
	Description

	PTP instance type
	Identifies the requested PTP instance type as described in clause 5.27.1.4 of TS 23.501 [2].

	Transport protocol
	Identifies the requested transport protocol for PTP instance as described in clause 5.27.1.4 of TS 23.501 [2]. This is applicable for IEEE Std 1588 [8] Boundary Clock and Transparent Clock operation.

	PTP Profile
	Identifies the PTP profile for the PTP instance as requested by AF.

	Grandmaster enabled
	Indicates whether the AF requests the PTP instance in 5GS to be able to act as a grandmaster for PTP or gPTP (depending on the requested PTP instance type).
This is applicable for IEEE Std 1588 [8] Boundary Clock or IEEE Std 802.1AS [7] operation.
[optional]

	Grandmaster priority
	Indicates a priority used as defaultDS.priority1 when generating Announce message when 5GS acts as (g)PTP GM. Applicable only if the Grandmaster enabled = TRUE. If omitted, the default value as described in the PTP Profile is used.
[optional]

	Time Domain
	(g)PTP domain of the PTP instance as defined in IEEE Std 1588 [8].

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

	Time synchronization error budget
	Indicates the time synchronization budget for the time synchronization service (as described in clause 5.27.1.9 of TS 23.501 [2]).
[optional]

	Timing resiliency
	Indicates whether the synchronization service will be used to provide timing resiliency.

	>Assisted/Complement timing method
	Indicates whether Assisted timing or Complement timing is used.

	>Type of timing information
	Indicates which type of timing information will be provided (time, frequency, phase).

	>Required timing information accuracy
	It provides the required phase or frequency (according to type of timing information specified) accuracy compared to the UTC phase or frequency (according to type of timing information specified).

	For each PTP port in the PTP instance

	Either UE identity (for a DS-TT port), or "N6 interface" indication
	Identifies the UE/DS-TT which the parameters below apply. "N6 interface" indicates that the parameters below apply to the N6 interface.
If the "PTP port" needs to be identified, this field refers to the UE identity (GPSI or SUPI).
If the N6 termination needs to be identified, then this field indicates "N6 interface" flag, instead of SUPI or GPSI.

	PTP enabled
	TRUE/FALSE. This is used to set the portDS.portEnable. If omitted, the default value as described in the PTP Profile is used.
[optional]

	Log Sync Interval
	Specifies the mean time interval between successive Sync messages. This is applicable for IEEE Std 1588 [8] Boundary Clock or IEEE Std 802.1AS [7] operation. If omitted, the default value as described in the PTP Profile is used.
[optional]

	Use management settable Log Sync Interval
	TRUE/FALSE. This is applicable if the PTP Profile is I IEEE Std 802.1AS [7].
When set to FALSE, the Log Sync Interval is used to set the initialLogSyncInterval as described in IEEE Std 802.1AS [7]. When set to TRUE, the Log Sync Interval is used to set the mgtSettableLogSyncInterval as described in IEEE Std 802.1AS [7].
If omitted, the default value as described in the IEEE Std 802.1AS [7] is used.
[optional]

	Log Announce Interval
	Specifies the mean time interval between successive Announce messages. This is applicable for IEEE Std 1588 [8] Boundary Clock or IEEE Std 802.1AS [7] operation. If omitted, the default value as described in the PTP Profile is used.
[optional]

	Use management settable Log Announce Interval
	TRUE/FALSE. This is applicable if the PTP Profile is IEEE Std 802.1AS [7].
When set to FALSE, the Log Announce Interval is used to set the initialLogAnnounceInterval as described in IEEE 802.1AS. When set to TRUE, the Log Announce Interval is used to set the mgtSettableLogAnnounceInterval as described in IEEE Std 802.1AS [7].
If omitted, the default value as described in the IEEE Std 802.1AS [7] is used.
[optional]



Editor's note:	The purpose of the timing resiliency parameters for (g)PTP-based time synchronization is FFS. 

Time resiliency parameters need to be distributed to NG-RAN. Even for (g)PTP time distribution, TSCTSF uses the procedure in clause 4.15.9.4, TS 23.502 [3] to manage the 5G AS time distribution for the UEs that are part of the impacted PTP instance and deliver the parameters to NG-RAN.
The AF may use Nnef_TimeSynchronization_CapsSubscribe service operation as described in clause 4.15.9.2 of TS 23.502 [3] 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 received in the Nnef_TimeSynchronization_CapsNotify service operation as a target of the Nnef_TimeSynchronization_ConfigCreate 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.
[bookmark: _Toc104964526]6.14.3.2	Procedures for 5G access stratum time distribution
To procedures are presented as changes (underlined text) to clause 4.15.9.4 of TS 23.502 [3], (taken from approved S2‑2203232) as follows:
-	The AF can use the procedure to activate, update or delete the 5G access stratum time distribution for one UE or a group of UEs.
-	The AF may query the status of the 5G access stratum time distribution using Nnef_ASTIGet service operation. The Nnef_ASTICreate and Nnef_ASTIUpdate request may contain the parameters as described in Table 6.14.3.2-1.
Table 6.14.3.2-1: Description of 5G access stratum time distribution parameters
	Parameter
	Description

	5G access stratum time distribution indication (enable, disable)
	Indicates that the access stratum time distribution via Uu reference point should be activated or deactivated for the associated UE identities.

	Time synchronization error budget
	Indicates the time synchronization error budget for the time synchronization service (as described in clause 5.27.1.9 of TS 23.501 [2]).
[optional]

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

	Timing resiliency
	Indicates whether the synchronization service will be used to provide timing resiliency.

	>Assisted/Complement timing method
	Indicates whether Assisted timing or Complement timing is used.

	>Type of timing information
	Indicates which type of timing information will be provided (frequency, phase).

	>Required timing information accuracy
	It provides the required phase or frequency accuracy (according to type of timing information specified) compared to the UTC phase or frequency (according to type of timing information specified).





Figure 6.14.3.2-1: Management of 5G access stratum time information
1.	AM Policy Association establishment as described in clause 4.16.1 in TS 23.502 [3].
2.	(When the procedure is triggered by the AF request to influence the 5G access stratum time distribution):
-	To create a new request, the AF provides access stratum time distribution parameters to the NEF using the Nnef_ASTI_Create service operation (together with the AF identifier and potentially further inputs as specified in table 6.14.3.2-1), including a target (one UE identified by SUPI or GPSI, a group of UEs identified by an External Group Identifier. The NEF maps the External Group Identifier to an Internal Group Identifier and any GPSI to a SUPI.
-	To update or remove an existing request, the AF invokes an Nnef_ASTI_Update or Nnef_ASTI_Delete service operation providing the corresponding time synchronization configuration id.
-	To query the status of the access stratum time distribution, the AF invokes Nnef_ASTI_Get service operation providing the target (List of UE identities (SUPI or GPSI)).
	The AF that is part of operator's trust domain may invoke the services directly with the TSCTSF.
NOTE 1:	Steps 1 and 2 can occur in any order.
3.	(When the procedure is triggered by the AF request to influence the 5G access stratum time distribution):
-	The NEF authorizes the request. After successful authorization, the NEF invokes the Ntsctsf_ASTI_Create/Update/Delete/Get service operation with the TSCTSF discovered and selected as described in clause 6.3.24 of TS 23.501 [2].
-	The TSCTSF determines whether the targeted UE is part of a PTP instance in 5GS, if so the TSCTSF rejects the request (steps 4-10 are skipped).
	(When the procedure is triggered by PTP instance activation, modification, or deactivation in the TSCTSF):
-	If time synchronization error budget is provided by the AF, the TSCTSF may use the PTP port state of each DS-TT to determine an Uu time synchronization error budget for corresponding SUPIs that are part of the PTP instance.
-	If time synchronization error budget is provided by the AF, the TSCTSF calculates the Uu time synchronization error budget as described in clause 5.27.1.9 of TS 23.501 [2].
-	If frequency or phase accuracy compared to UTC phase or frequency respectively, has been provided, the TSCTSF calculates the Uu accuracy value the same way that Uu time synchronization error budget is calculated.	Comment by Nokia: Do we really need Uu accuracy value on top of Uu time sync error budget? Can we not do the reverse of error budget to determine the accuracy?
4.	If the AF request targets a group of UEs, the TSCTSF uses the Nudm_SDM_Get request to retrieve the subscription information (SUPI list) from the UDM using the Internal Group ID.
5.	The UDM provides the Nudm_SDM_Get response containing a SUPI list that identifies UEs that belong to that group of UEs.
6.	The TSCTSF searches the PCF for the UE using Nbsf_Management_Subscribe with a SUPI as an input parameter, indicating that it is searching for the PCF that handles the AM Policy Association of the UE.
7.	The BSF provides to the TSCTSF the identity of the PCF for the UE for the requested SUPI via an Nbsf_Management_Notify operation. If matching entries already existed in the BSF when step 6 is performed, this shall be immediately reported to the TSCTSF.
8.	The TSCTSF sends to the PCF for the UE its request for the AM policy of the UE (identified by SUPI) using Npcf_AMPolicyAuthorization request, containing the 5G access stratum time distribution indication (enable, disable) and optionally the calculated Uu time synchronization error budget, and the timing resiliency parameters (if provided), including the Uu frequency or phase accuracy.
9.	If the PCF receives multiple time synchronization error budgets or frequency/phase accuracy for a given UE, then the PCF picks the most stringent budget or frequency/phase accuracy. The PCF takes a policy decision and then the PCF may initiate an AM Policy Association Modification procedure for the UE as described in clause 4.16.2.2 in TS 23.502 [3] to provide AMF the 5G access stratum time distribution parameters. As part of this, the AMF shall, if supported, send the 5G access stratum time distribution indication (enable, disable) and the Uu time synchronization error budget and timing resiliency parameters, when they are available, to an NG-RAN node using NGAP procedures (e.g. UE Context Setup/Modification) specified in TS 38.413 [12]. The NG-RAN node shall, if supported, store the information in the UE Context. Based on this information, the NG-RAN node provides the 5GS access stratum timing to the UE according to the Uu time synchronization error budget and/or timing resiliency parameters as provided by the TSCTSF (if supported by UE and NG-RAN).
NOTE 2:	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 [13].
10.	The PCF of the UE replies to the TSCTSF with the result of Npcf_AMPolicyAuthorization operation.
11.	The TSCTSF responds the AF with the Ntsctsf_ASTI_Create/Update/Delete/Get service operation response.
12.	The NEF informs the AF about the result of the Nnef_ASTI_Create/Update/Delete/Get service operation performed in step 2.
[bookmark: _Toc104964527]6.14.4	Impacts on services, entities and interfaces
AF:
-	Formulation of the AF request that may include parameters indicating requirements for Timing Resiliency, assisted timing/complement timing and type of timing information, and respective accuracy. These parameters are delivered to RAN.	Comment by Nokia: You have now removed assisted timing/compliment timing but then the second statement still states that these parameters are delivered to NG-RAN. What are the new parameters in addition to Rel-17 that is delivered to NG-RAN? 	Comment by Ericsson02: There are the new parameters: timing resiliency requirements: 1) type of timing (frequency or phase), 2) frequency/phase accur.

That is, there is no need to also indicate “assisted/complement timing” as parameter.
NOTE:	There can be implications regarding the provided frequency/phase accuracy influencing the operation of (g)PTP (including correcting the content of (g)PTP messages) and certain parameters (such as clockClass) in the IEEE1588 data sets to be delivered to PMIC/BMIC. (g)PTP messages may not be used (e.g. in case of a frequency synchronization service, or because they may not be needed when the level of accuracy is out of range), however (g)PTP messages may still be received and there might be the need to process them at the DS-TT/NW-TT and update certain fields in the Announce messages. The processing of (g)PTP messages does not change due to the type of timing. If there are changes (e.g., clockQuality), the generation/updating of the Announce messages as specified in TS 23.501, K2.2 is applied.
Editor's note:	The reasons to update Announce messages at DS-TT/NW-TT and how to trigger this behaviour is FFS.
NG-RAN:
-	Supporting delivery of frequency and phase synchronization. There is no expected impact to generate the frequency or phase synchronization, since these are sub-sets of the time synchronization, e.g. no SIB need to be sent. The phase/frequency can be extracted by the client network (as defined in clause 6.14.1) using the SFNs of the regular radio signal, as long as this signal has guaranteed performance and UTC traceability. gNB may receive requirement parameters such as Timing Resiliency requirement, assisted/complement timing, the timing information type to be delivered, and frequency/phase accuracy compared to UTC frequency/phase respectively. This information enables NG-RAN to determine if and how to provide 5G reference timing information to the UE efficiently (i.e., RRC/SIB). How NG-RAN is using this information is up to RAN implementation.
- 	Informing the UE the output to be provided (phase/frequency). This can be done e.g., by using a single RRC message. The trigger to inform the UE is when RAN receives the timing resiliency parameters: type of timing, corresponding required accuracy.	Comment by Nokia: what is the trigger for the RAN to inform the UE that it need not expect RRC/SIB message for timing information? Also, this point seems a bit contradicting - '- Informing the UE that it does not need to expect SIB/RRC messages in order to receive timing, and the output to be provided (phase/frequency). This can be done e.g., by using a single RRC message..". While the first statement states that the UE need not expect SIB/RRC message, second statement states that a single RRC message is needed.	Comment by Ericsson02: The trigger is for RAN to receive the timing resiliency parameters: type of timing, corresponding required accuracy.

Regarding RRC/SIB message, we wrote that it does “not need” RRC/SIB messages for “timing”, but it may require them for other reasons such as status and, in this case, to indicate the type output to provide. (Some rewording provided)
-	Detection of frequency deviation or phase error compared to the provided frequency or phase accuracy, respectively. 
-	Example of implementation at UE: UE uses the radio frame structure to generate a strobe signal (pulse) at the beginning of each radio frame in order to output the stable phase signal. This is not the modulation frequency of phase and not to be confused or related to RF carrier phase. Phase synchronization refers to as TDD cell phase synchronization defined in 3GPP RAN specifications as a deviation in frame start timing, TS 38.133 [X], clause 7.4. For the case of frequency, the UE internal clock gets locked to the frequency of the BS carrier that was allocated. Then this locked stable frequency can be divided by an integer such that the output can be provided in a standard analogue signal such as: 2MHz, 10 MHz, etc. Given that details on how time is delivered by UE are not specified, there is also no need to specify how phase or frequency are delivered either. A reference to G.8271 will be enough (same as it is used for time synchronization).
Editor's note:	The NG-RAN impacts require feedback from RAN WGs. This includes whether there is a need to provide frequency and phase accuracy to NG-RAN. 

Editor's note:	Details of RAN behaviour for phase/frequency sync, and related to that the need for additional information to be sent to RAN to trigger such behaviour is FFS.
TSCTSF:
-	Calculates the frequency/phase accuracy for the UE (Uu interface) and transfers to NG-RAN via PCF, AMF.

>>>> End of Changes <<<<
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