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>>>> Start of Changes <<<<
[bookmark: _Toc114665458]5.27.1.X	Reporting timing synchronization status 
5.27.1.X.1 RRC_CONNECTED state
In order to obtain information about 5GS network timing synchronization status, TSCTSF subscribes to NG-RAN and/or UPF (if the UPF/NW-TT is involved in providing timing information to a UE/DS-TT and only for (g)PTP time distribution method) timing synchronization status information, when the feature is active. When configured, both the NG-RAN and the UPF can detect timing synchronization degradations/failures/improvements locally. In the case of UPF timing synchronization status, the detection is based on the information provided by transport network time synchronization protocols and, in case of the NG-RAN timing synchronization status, the detection is based on the information from a local GNSS receiver. 
NOTE 1: 	The details on how NG-RAN/UPF detects timing synchronization degradation/failure/improvement locally are implementation specific.
Depending on whether NG-RAN or UPF provides the information, TSCTSF retrieves the information about the timing synchronization as follows:
· provided via OAM to TSCTSF from NG-RAN and/or UPF;
· control plane signalling where UMIC may be used to inform TSCTSF about a UPF’s timing synchronization status; or 	Comment by Ericsson: UPEAS direct exposure of UMIC, shall we now separate out from UMIC Rel-17?
· via NGAP node-level signalling for NG-RAN timing synchronization status reporting towards TSCTSF (via AMF).
The TSCTSF retrieves information from a NG-RAN/UPF at a node-level; and it can contain, synchronization state ("Locked”, “Holdover”, “Freerun”) [optional], source type (e.g, “PTP”, “GNSS”, “other”) [optional], clock quality descriptor (e.g., “clockClass”, “ClockAccuracy”, “gnss-rx-time-error”) [mandatory]. Once the information about the NG-RAN and/or the UPF timing synchronization status is obtained, the TSCTSF determines whether any UE with an ongoing time synchronization service is impacted by a timing synchronization degradation/failure/improvement event. 
· To determine UEs impacted by a NG-RAN timing synchronization degradation/failure/improvement, the TSCTSF correlates the information about NG-RAN nodes impacted by a timing synchronization status changes and UE’s Presence in Area of Interest for UEs for which AF has requested a time synchronization service or for which a (g)PTP-based time synchronization service has been activated based on the subscription. When subscribing to UE’s Presence in Area of Interest from an AMF serving the UE(s), the TSCTSF specifies the Area of Interest by a list of RAN node IDs that have the same NG-RAN timing synchronization status. 
· To determine UEs impacted by a UPF timing synchronization degradation/failure/improvement (only for cases where a UPF/NW-TT is involved in providing timing information to a DS-TT), the TSCTSF identifies UEs for which the impacted UPF/NW-TT is configured to send (g)PTP messages.
If an AF is a requester of a (g)PTP or ASTI-based time synchronization service, the AF may subscribe to the TSCTSF to get informed about the timing synchronization status change for those UEs or a group of UEs with the corresponding subscription for time synchronization services and impacted by NG-RAN or UPF timing synchronization degradations/failures/improvements. Together with a notification about a timing synchronization status, the TSCTSF may indicate to the AF whether the ongoing (g)PTP or ASTI-based time synchronization service can/cannot be supported as per the requested criteria (e.g., a time synchronization error budget) and may inquire the AF about intentions to deactivate the service (see clauses 4.15.9.3 and 4.15.9.4 in TS 23.502 [3]).
UEs with the corresponding subscription also may get informed about the timing synchronization status change. However, to ensure the backward compatibility with Rel-17 UEs, time synchronization status report can be sent to a UE only when the UE has a corresponding subscription, and the subscription data contains “Clock Quality Reporting Control Information”.
Level of information about an NG-RAN timing synchronization degradations/failures/improvements reported to a UE is set by Clock Quality Reporting Control Information that includes:
· Clock Quality Detail Level: it indicates whether and which clock quality information shall be provided to the UE, and it can be set to “Clock Quality Metrics” or to “Acceptable/Not Acceptable” indication;
· Clock Quality Acceptance Criteria: it shall be specified if the Clock Quality Detail Level for the UE is set to “Acceptable/Not Acceptable” indication and then parameters constituting the clock quality acceptance criteria for the UE shall be in provided. These parameters can be, for example, acceptable synchronization state, acceptable clock quality descriptor, etc.
NOTE 2:	Whether and which clock quality information to provide to the UE depends on the needs of the time service consumer (referred to as client network operator hereafter). Therefore, the clock quality detail level and clock quality acceptance criteria are based on the parameters and their values specified in the agreement between the 5G network operator and the client network operator. The clock quality acceptance criteria consider propogation delays while UE capabilities and internal inaccurancies are assumed to be budgeted by the client network operator when agreeing the required clock accuracy with the 5G network operator. 
The Clock Quality Reporting Control Information may be a part of “Access and Mobility Subscription data” stored in a UDM (see clause 5.27.1.11) to specify a UE’s subscription for Access Stratum Time Synchronization (ASTI) services. 
An AF requesting an ASTI service also may include Clock Quality Reporting Control Information in its request; and this Clock Quality Reporting Control Information shall comply with the UE’s subscription, which shall be checked by the TSCTSF. In cases when an AF requests the Clock Quality Reporting Control Information that does not comply with the UE’s subscription (e.g., the AF request the Clock Quality Detail Level to be “Clock Quality Metrics” whereas the UE’s subscription has “Acceptable/Not Acceptable” indication, or the acceptable clock accuracy requested by the AF is more accurate than the acceptable clock accuracy specified in the UE’s subscription, etc. ), the AF request shall be rejected. In other cases, the TSCTSF provides the Clock Quality Reporting Control Information (included in the AF request or obtained from the UE’s subscription) to AMF(s) serving the UE(s); and the AMF(s) provides this information, together with the 5G access stratum time distribution indication and the Uu time synschronization error budget, to NG-RAN nodes as described in clause 4.15.9.4 of TS 23.502 [3].
An NG-RAN node uses this Clock Quality Reporting Control Information to identify and set up parameter thresholds whose excess triggers a timing synchronization status report to be sent towards the TSCTSF. NG-RAN sends a time synchronization status report to TSCTSF via OAM, unless the NG-RAN supports and has the preconfiguration to use the NGAP signalling via AMF for this purpose, which alternativey may be used. Based on the received timing synchronization status report from NG-RAN, the TSCTSF determines a list of UEs to whom a timing synchronization status report shall be sent. The TSCTSF sends the determined list of affected UEs and the current timing synchronization status report to AMF(s). The AMF(s) transfer the report to NG-RAN nodes in the NGAP signalling, and then the NG-RAN sends the report to UEs in RRC_CONNECTED state using a dedicated RRC signalling. 
Editor’s Note: Details on how a timing synchronization status report is sent to UEs in the RRC_CONNECTED state via dedicated RRC signalling are up to RAN WG2. 
A timing synchronization status report contains either:
· a predefined set of Clock Quality Metrics (e.g., synchronization state, source type, clock quality descriptor) that reflects an NG-RAN node’s current timing synchronization status if the Clock Quality Detail Level in the UE’s subscription is set to “Clock Quality Metrics”, or 
· an “Acceptable/Not Acceptable” indication depending on whether the NG-RAN node’s timing synchronization status matches the acceptance criteria or not.

>>>> End of Changes <<<<
