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Abstract: This contribution provides the clarification about the scenario of solution #17 and updates the current solution to address the EN.
1. Discussion
For timing synchronization mechanism in a device with local clock (e.g. Bridge clock or Ordinary clock), it can be described as follows:
1. The timing source broadcasts its synchronization signal in announce message (as defined in IEEE Std 802.1AS, IEEE Std 1588) to the follower devices. The synchronization signal includes the clock grade and the current time of the timing source.
[bookmark: _GoBack]2. The follower device receives the timing synchronization signal and calculates the current time of timing source according to the timing synchronization signals (including e.g. sync/delay/follow message). If error occurs in the timing source and the timing source detects the error, it may include the timing degrade info in the sync signal (e.g. via using management TLV field as defined in IEEE Std 1588).
The follower device just modifies the local clock to the calculated time of the timing source. If an error occurs in the sync signal transmission (e.g. due to the error in the route devices in the sync signal forwarding path), there will be timing sync error of the calculated clock. But the follower device can not detect the sync error since the timing source works well and no additional information will be included in the sync signal. The follower device just modifies the local clock to the calculated clock with timing sync error. 
[image: ]
Figure 1. Clock comparison mechanism
As shown in Figure1, the follower’s local clock1 is synchronized with the clock source and this clock is marked as white clock. When the clock source’s sync signal is transferred with transmission disturbance without correct correction field (e.g. due to radio channel problem), the incorrect clock sync signal has an offset (offset1 shown in Figure 1) compared to the local clock1 and can be marked as a grey clock. Since no extra information is added in the sync signal, the local clock1 just adjust its local clock 1 according to the grey clock and there will be time sync error (due to introduction of offset1) between the clock source and the follower’s local clock1.
If the follower device is the NG-RAN, when the sync signal transmitted to the NG-RAN is not correct, the NG-RAN cannot detect the timing sync error.
In order to detect the sync signal error, the follower device can maintain multiple clocks with different clock source. The clocks are independent with each other and if they all work well, the offset between different clocks should be constant with a jitter threshold due to different clock precision. As shown in Figure 1, the offset can be marked as offset 2. When one of the clock receives sync signal, it can calculate the offset (offset1 shown in Figure 1) between the calculated time and the local clock. It can also calculate the offset (offset2 shown in Figure 1) between the two local clocks. If the offset 1 exceeds the jitter threshold while the offset 2 does not, it means the sync signal is not stable but there is no issue in the local clocks. Thus, it can be decided that the sync signal is not correct. On the other hand, if the offset 2 exceeds the jitter threshold while the offset 1 does not, it can be decided that there is a clock sync error in local clock 2 (due to sync signal error or other cause) but the sync signal is stable. If both offsets exceed the jitter threshold, it can be decided that there is a clock sync error in local clock1 and local clock1 can be adjusted according to the sync signal. NW-TT or DS-TT naturally maintains the 5GS GM and (g)PTP clock simultaneously and if DS-TT or NW-TT is the follower, it can detect the sync signal error as described above.
In this case, the ingress NW-TT or DS-TT can detect the (g)PTP sync signal error according to the 5G GM maintained by them since the two clocks are dependent. See Figure 2.
[image: ]
Figure 2. Ingress (g)PTP node synchronization
For egress NW-TT or DS-TT, it can also detect the offset exceeds the jitter threshold, but whether it is caused by (g)PTP sync signal error or 5G GM error is not clear since the two clocks are not independent ((g)PTP sync signal is affected by the addition of residence time calculated based on 5GS GM). See Figure 3.
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Figure 2. Egress (g)PTP node synchronization
In this case, the TSCTSF can collect both the report from ingress port and egress port, to decide whether the 5GS GM is not correct or the (g)PTP sync signal is not correct.

It is proposed to remove the following ENs based on the above clarification.
Editor's note:	It is FFS whether scenarios exist where the NG-RAN node cannot detect the 5GS timing synchronization error by itself.
Editor's note:	How DS-TT or NW-TT can detect time synch error is FFS.

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-25.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc97278325][bookmark: _Toc104964538]6.17	Solution #17: DS-TT and NW-TT assisted 5GS synchronization error detection
[bookmark: _Toc104964539][bookmark: _Toc97278326]6.17.1	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 TS 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 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 in the egress port (e.g. the port of DS-TT or NW-TT) of 5GS (g)PTP bridge 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: _Toc104964540][bookmark: _Toc97278327]6.17.2	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, as shown in Figure 6.17.2-1 for ingress (g)PTP port and Figure 6.17.2-2 for egress (g)PTP port, the DS-TT/NW-TT can detect the (g)PTP time synchronization offset (first 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 DS-TT/NW-TT can also calculate the the jitter of the time synchronization offset (second offset) between the (g)PTP local clock and 5GS internal local clock. If one of the offsets exceeds the jitter threshold while the other offset 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 or the 5G internal local clock is not correct). If both of the offsets exceeds the jitter thresholds, 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.


Figure 6.17.2-1 Ingress (g)PTP port sync error detection


Figure 6.17.2-2 Egress (g)PTP port sync error detection
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:
-	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.

-	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: _Toc104964541][bookmark: _Toc97278328]6.17.3	Procedures
The exchange of PMIC/UMIC between TSCTSF and DS-TT/NW-TT is specified in clause 5.28.3 of TS 23.501 [2]. 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: _Toc104964542][bookmark: _Toc97278329]6.17.4	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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