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Abstract: This contribution proposed a new solution for KI #1 to detect the 5GS timing synchronization error with the assistance of DS-TT and NW-TT.
1. Introduction
One of the open object of KI #1 is that
Study how RAN and 5GC learn about 5GS network timing synchronization status to be able to inform UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and AFs.
Current solutions on KI#1 about how to detect the network timing synchronization degradation/improvement or synchronization failures is assumed to be supported based on the information provided by the transport network or timing source. If the timing synchronization error (e.g. degradation, sync failure) is due to the failure of Timing Sync Signal transmitting, the RAN cannot detect it. In this case, no additional information is provided in the Timing Sync Signal since the Timing Source works well), especially when the RAN only maintains the clock from one timing source. It means that the RAN cannot decide whether the local clock should be adjusted according to the Timing Sync Signal or report a timing sync error to notify that the Timing Sync Signal is not correct.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-25.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc101421695]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change (all text new) * * * *
[bookmark: _Toc93073663][bookmark: _Toc97278325]6.X	Solution #X: DS-TT and NW-TT assisted 5GS synchronization error detection
[bookmark: _Toc93073664][bookmark: _Toc97278326]6.X.1	Introduction
The solution is proposed to solve Key Issue #1 for the object: “Study how RAN and 5GC learn about 5GS network timing synchronization status” and can be used by the other solutions.
This solution addresses the following scenarios:
-	5GS is acting as Bridge to distribute time information to UEs using PTP or gPTP, as defined in clause 5.27.1.7 of 23.501 [2].
-	The NG-RAN node is not able to detect the 5GS timing synchronization error due to implementation limits.
Editor’s note: It is FFS whether scenarios exist where the NG-RAN node cannot detect the 5GS timing synchronization error by itself.
This solution has the following assumptions:
-	The UE/DS-TT, NG-RAN, UPF/NW-TT are synchronized with the 5G GM (i.e. the 5G internal system clock) as specified in the TS 23.501 [2] and TS 38.331 [5]. 
-	The UE/DS-TT and UPF/NW-TT handle the (g)PTP messages by making timestamping according to 5G GM as specified in clause 5.27.1.2.2 of TS 23.501 [2]. 
-	The DS-TT and NW-TT can detect (g)PTP timing synchronization error by comparing the (g)PTP clock and 5G GM clock.
-	If 5G GM degradation occurs, there is timing error when calculating the residence time in 5GS according to 5G GM timestamping. Then DS-TT or NW-TT can detect the (g)PTP time sync error.
Editor's note: How DS-TT or NW-TT can detect time synch error is FFS.
[bookmark: _Toc93073665][bookmark: _Toc97278327]6.X.2	Functional Description
The solution is based on the following principles:
-	The AF/NEF subscribes the time synchronization status notification from TSCTSF.
-	TSCTSF subscribes for time synchronization status information report from NW-TT and DS-TT via PMIC/UMIC (i.e. the status of the synchronization of the PTP GM in NW-TT and DS-TT):
-	When receiving the (g)PTP time synchronization signals, the DS-TT/NW-TT can detect the (g)PTP time synchronization offset between the (g)PTP local clock (i.e. the clock maintained by the device locally) and the (g)PTP clock calculated according to the time synchronization signal. If the (g)PTP time synchronization offset exceeds the configured threshold and the jitter of the time synchronization offset between the (g)PTP local clock and 5GS internal local clock does not exceed jitter threshold, DS-TT/NW-TT can decide that there is a timing synchronization error (i.e. Timing Sync Signal is not correct). If the time synchronization offset and the jitter both exceed their thresholds, DS-TT/NW-TT can decide that the (g)PTP local clock should be adjusted according to the time synchronization signal as in this case it can be assumed there is an error in the (g)PTP local clock.
Editor's note: How DS-TT and NW-TT can decide that there is a timing synchronization error only based on observing an offset between their local clock and the time reported in (g)PTP is FFS.
-	If TSCTSF has subscribed the status report, the NW-TT and DS-TT reports (g)PTP timing synchronization status information to TSCTSF via PMIC/UMIC.
-	When TSCTSF receives the (g)PTP time synchronization status information, it determines whether the (g)PTP synchronization error occurs in the ingress port of the (g)PTP domain or 5G GM synchronization error occurs in the serving RAN.
-	The TSCTSF can determine the affected UE according to the time domain (for (g)PTP synchronization error) or the UE’s RAN information (for 5G GM synchronization error).

[bookmark: _Toc97278328]6.X.3	Procedures
The exchange of PMIC/UMIC between TSCTSF and DS-TT/NW-TT is specified in the TS 23.501 [2] clause 5.28.3. The enhancement is that DS-TT and NW-TT should report the (g)PTP timing synchronization status to TSCTSF via PMIC/UMIC.
TSCTSF can determine the time synchronization error according to the (g)PTP timing synchronization status information as following:
· Case A: Both DS-TT (maybe multiple DS-TTs belonging to the same time domain) and NW-TT report the (g)PTP timing synchronization error. TSCTSF can determine that the (g)PTP synchronization error occurs in the ingress port of the (g)PTP domain.
· Case B: Only DS-TT(s) or NW-TT reports the (g)PTP timing synchronization error (normally the egress port reports the timing synchronization error, while the ingress port does not). TSCTSF can determine that the (g)PTP timing synchronization error is caused by 5G GM synchronization error in the RAN serving the DS-TT related UE.
TSCTSF may subscribe to the AMF to get the serving RAN of the UE(s) to determine the affected UE(s).

[bookmark: _Toc93073667][bookmark: _Toc97278329]6.X.4	Impacts on services, entities and interfaces
-	DS-TT:
-	Support reporting the (g)PTP timing synchronization status information to TSCTSF via PMIC

-	TSCTSF:
-	Receive (g)PTP time synchronization status information report from DS-TT and NW-TT and decide time synchronization error as above.
-	NW-TT:
-	Report (g)PTP GM timing synchronization status information to TSCTSF via PMIC/UMIC.

* * * * End of changes * * * *
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