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[bookmark: _Hlk513714389]
1.	Text proposal
It is proposed to agree the following changes to 23.700-25, regarding Solution #1:
[bookmark: _Toc19105783][bookmark: _Toc27821199]***** Beginning of CHANGES *****
[bookmark: _Toc97278303][bookmark: _Toc93073663][bookmark: _Toc97278325]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5]	3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification".
[6]	IEEE 802.1Qcc: "IEEE Standard for Local and Metropolitan Area Networks--Bridges and Bridged Networks -- Amendment 31: Stream Reservation Protocol (SRP) Enhancements and Performance Improvements".
[bookmark: definitions][7]	IEEE Std 802.1AS: "IEEE Standard for Local and Metropolitan Area Networks-Timing and Synchronization for Time-Sensitive Applications".
[bookmark: _Hlk99456331][8]	IEEE Std 1588: "Standard for a Precision Clock Synchronization Protocol for Networked Measurement and Control Systems".
[X]	3GPP TR 22.878: "Feasibility Study on 5G Timing Resiliency System".

***** Next CHANGE *****

6.1	Solution #1: Inform UE and AF about network timing synchronization status
[bookmark: _Toc93073664][bookmark: _Toc97278326]6.1.1	Introduction
This solution enables UE and AF to learn about network timing synchronization status, addressing KI #1.
This solution makes the following assumptions:
-	NG-RAN is time synchronized with an external clock using transport network synchronization protocols or using a local GNSS receiver.
-	NG-RAN can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g. based on information provided by the transport network time synchronization protocols or based on information provided by the local GNSS receiver. The details of how NG-RAN detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
-	If UPF/NW-TT is involved in providing timing information to UEs, UPF/NW-TT is time synchronized with an external clocke.g., using transport network-based time synchronization protocols if UPF/NW-TT is involved in providing time information to UEs.	Comment by Ericsson: For example, GPS could be used directly.
-	UPF can detect network timing synchronization degradation/improvement or timing synchronization failures locally, e.g., based on information provided by the transport network time synchronization protocols. The details of how the UPF detects timing synchronization degradation/improvement or timing synchronization failures are beyond the scope of 3GPP.
-	For main 5G time resiliency use cases, the UEs are static (i.e., financial and power grid, see TR 22.878 [X]), however it is assumed that UE may not be static in other scenarios.
This solution addresses the following scenarios for 5G internal timing distribution:
-	5GS distributes timinge information to UEs using access stratum signaling.	Comment by Ericsson: Timing information can be of different types: time, frequency, phase – according to S2-22002197 on assisted timing support.
-	5GS is acting as GM and distributes timinge information to UEs using PTP or gPTP.
[bookmark: _Toc93073665][bookmark: _Toc97278327]6.1.2	Functional Description
The solution is based on the following principles:
-	Informing 5GC and AFs about network timing synchronization status:
-	Informing 5GC about RAN and UPF time synchronization status. UPF time synchronization status is only needed for the option when UPF/NW-TT is regenerating and timestamping messages for the DS-TT, which are forwarded from DS-TT adding residence time:.
-	TSCTSF subscribes for receiving RAN time synchronization status on a per RAN node level from NWDAF:
[bookmark: _Hlk93680003]-	NWDAF subscribes for RAN time synchronization status information from OAM. RAN time synchronization internal status information includes e.g. relevant PTP dataset members such as clock cClass, and the more general UTC traceability information, and stability.
-	As an alternative option, TSCTSF subscribes for RAN time synchronization status information from OAM. RAN time synchronization status information includes e.g. relevant PTP dataset members such clockC class, andthe more general UTC traceability information, and stability.
-	If UPF/NW-TT is involved in providing time information to DS-TT, TSCTSF subscribes for receiving time synchronization status from UPF (i.e., the status of the synchronization of the UPF with the transport network timing):
-	Based on this, UPF reports transport network time synch status (e.g. clock class and traceability) to TSCTSF.
-	Determining UEs impacted by RAN or UPF time synchronization status degradation or improvement:
-	TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for.
[bookmark: _Hlk96349404]-	TSCTSF requests UEs for which an AF requested time synchronization to perform a Registration Update if the UE is in CM-IDLE and detects a change in the RAN time synchronization status information (see below) for the current cell or when re-selecting to a different cell. This ensures that the CN is made aware of the location of a UE in case the RAN time synchronization status changes while a UE that has been configured to receive time information is in CM-IDLE.
Editor's note:	Since the main of use cases for timing resiliency are considered static (see TR 22.878 [X]), impact on error budget and other parameters for the mobility cases is FFS, complexities should be considered, unless requirements are not very stringent. Note that error budget can change with every second.

-	If TSCTSF receives time synchronization status information for NG-RAN nodes from NWDAF (or from OAM directly) indicating time synchronization status degradation or improvement, then TSCTSF determines the UEs served by those NG-RAN nodes based on location information received from AMF.
-	Determining UEs impacted by UPF time synchronization status degradation or improvement (only for the case when UPF/NW-TT is involved in providing time information to DS-TT):
-	If TSCTSF receives time synchronization status information from UPF  indicating time synchronization status degradation or improvement, then the TSCTSF determines the UEs for which the UPF/NW-TT is configured to send (g)PTP messages.
-	Inform AFs about network timing synchronization status degradation or improvement:
-	If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement then TSCTSF informs the AF about the network timing synchronization status for those UEs. The status report specifies whether required parameters (e.g., error budget, UTC traceability, stability for backup assisted timing support, availability for the complement assisted timing support) are not achieved.
[bookmark: _Hlk96345218][bookmark: _Hlk96345511]Editor's note:	The details of time synchronization status information to report to the AF are FFS. Whether and how to provide network timing synchronization status for the case that an AF requested time synchronization service in a specific coverage area depends on the progress of the related key issue.
Editor's note:	It is FFS how the TSCTSF can determine the accuracy impact for an UE based on the degradation status in RAN and/or UPF?
[bookmark: _Toc93073666]-	Informing UEs and devices attached to UE/DS-TT about network timing synchronization status:
-	NG-RAN detects network timing synchronization degradation or failure based on implementation-specific means.
[bookmark: _Hlk96345582]-	NG-RAN informs UEs about the time synchronization status by providing additional time synchronization status information (e.g., relevant PTP dataset members such as clockC class, and information about traceability to UTC) to UEs in SIB or using dedicated RRC.
-	If a UE receives the updated time synch status information, and a co-located DS-TT has been configured by the network to send timinge information using (g)PTP messages to devices attached to the DS-TT (see case (b) in TS 23.501 [y], clause 5.27.1.7), then the DS-TT updates the (g)PTP information (e.g., updates clockC class and UTC traceability other relevant parameters in (g)PTP) based on the information received from NG-RAN.
Editor's note:	It is FFS how to ensure that all PTP ports (i.e. DS-TTs) in the PTP instance in 5GS are sending the same value of ClockQuality in the Announce messages.
[bookmark: _Hlk96345367]-	If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement (see above) and NW-TT is configured to generate (g)PTP messages (see case (a) in TS 23.501 [y], clause 5.27.1.7) for any of the impacted UEs, then TSCTSF instructs the NW-TT to update the PTP clock class and traceability info for the (g)PTP messages for the impacted UEs based on the time synch status information.
Editor's note:	It is FFS how the TSCTSF can instruct the NW-TT to update the PTP clock class that is sent in Announce messages.
Editor's note:	Based on the above procedure, NW-TT receives the time synchronization status degradation twice; at first directly from the underlaying Transport Network that provides the time source for NW-TT (the details are out of scope of 3GPP), and secondly from TSCTSF as an instruction to update the PTP clock class. It is FFS whether and how the instruction from TSCTSF is used.
Editor's note:	Based on the above procedure, the degradation impacts the UE twice: first directly from RAN via Uu via SIB or RRC) and secondly from UPF via gPTP over user plane. It is FFS how the UE/DS-TT determines the total degradation (in terms of clock class and UTC traceability) based on these.
[bookmark: _Toc97278328]6.1.3	Procedures

[bookmark: _Toc93073667][bookmark: _Toc97278329]6.1.4	Impacts on services, entities and interfaces
-	NG-RAN:
-	Indicate RAN network timing synchronization status to UEs in RRC.
-	UE:
-	Support receiving RAN network timing synchronization status information.
-	Support performing a Registration request when RAN network timing synchronization status information changes while the UE is in CM-IDLE, if requested by TSCTSF.
-	NWDAF:
-	Support subscribing for RAN time synchronization status information from OAM and providing RAN time synchronization status information to TSCTSF.
-	TSCTSF:
-	Receive time synchronization status information from NWDAF and UPF.
-	Subscribe for receiving location information from AMF.
-	Support for requesting UEs to perform a Registration request if the UE detects a change in RAN network timing synchronization status information and the UE is in CM-IDLE.
-	Inform AFs about time synchronization status.
-	UPF:
-	Report transport network time synch status (e.g., clock class and UTC traceability) to TSCTSF in case NW-TT is configured to generate (g)PTP messages (see case (a) in TS 23.501 [y], clause 5.27.1.7).

***** End of CHANGES *****
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