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Abstract of the contribution: This paper addresses Editor's notes for solution 1.
1.
Discussion
1.1
Overview

TR 23.700-25 includes a set of Editor's notes for solution 1. The following sections discuss each Editor's note and propose a resolution.
1.2
Time synchronization status information to report to the AF
Editor's note:
The details of time synchronization status information to report to the AF are FFS. 
It is important to emphasize that the AF requests time synchronization as a service from 5GS and can, as part of this, indicate a Time synchronization error budget to 5GS. The Time synchronization error budget represents an "upper bound for time synchronization errors introduced by 5GS" (TS 23.501 [2] clause 5.27.1.8), i.e., it represents the time synchronization error introduced by 5GS that is acceptable to the AF. In line with this, the relevant information for the AF is whether the time synchronization service is meeting the Time synchronization error budget or not.
Proposal 1: Clarify in Solution 1 that TSCTSF informs the AF if the Time synchronization error budget cannot be met any longer or can be met again for a targetted UE in case the time synchronization status of a RAN node serving the UE or the time synchronization status of the UPF (if relevant for the time synchronization scenario) changes.

1.3
Determining the accuracy impact for an UE based on the degradation status in RAN and/or UPF
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?

The accuracy impact due to degradation or improvement of time synchronization for a RAN node or the UPF on a given UE depends on the synchronization scenario, i.e., depends on whether the AF has requested 5G access stratum time distribution or (g)PTP based time distribution for the UE.

If the AF has requested 5G access stratum time distribution for the UE, then the TSCTSF needs to determine if the Time synchronization error budget provided by the AF (see also previous section) can still be met despite the change of clock accuracy for the RAN node serving the UE. Specifically, the TSCTSF needs to determine if the sum of the clock accuracy of the RAN node serving a UE (as received from OAM or NWDAF) and the Uu time synchronization error budget previously calculated for the UE (see TS 23.501 [2] clause 5.27.1.9) exceeds the Time synchronization error budget provided by the AF.

If the AF has requested (g)PTP based time distribution, then the TSCTSF needs to determine if the Time synchronization error budget provided by the AF (see previous section) can still be met despite a change of clock accuracy for the RAN node serving the UE and/or despite a change of clock accuracy for the UPF (in case the UPF is involved in creating (g)PTP messages for the UE. Specifically, the TSCTSF needs to determine if the sum of
-
the clock accuracy of the RAN node serving a UE,


the Uu time synchronization error budget previously calculated for the UE (see TS 23.501 [2] clause 5.27.1.9), and,

-
(in case NW-TT is configured to act as Grandmaster on behalf of the UE) the clock accuracy reported by the UPF 

exceeds the Time synchronization error budget provided by the AF.
If the TSCTSF determines that the Time Time synchronization error budget as requested by the AF cannot be met (or can be met again) based on the above determination, then the TSCTSF needs to inform the AF accordingly.
Proposal 2: Clarify in Solution 1 that TSCTSF determines if the Time synchronization error budget as requested by the AF can be met based on the synchronization scenario requested by the AF (5G access stratum time distribution or (g)PTP based time distribution for the UE) and related to that, based on the clock accuracy of the RAN node serving the UE, the Uu time synchronization error budget previously calculated for the UE and, (in case NW-TT is configured to act as Grandmaster on behalf of the UE) based on the clock accuracy reported by the UPF.
1.4
Ensuring that all DS-TTs in the PTP instance in 5GS are sending the same value of ClockQuality in the Announce messages
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.
For the Best Master Clock Algorithm (BMCA) to work correctly, it is key that a bridge sends the same clock quality information on all ports that are part of the same PTP instance. Note that otherwise different PTP clocks that belong to the same PTP instance could select different clocks as the grandmaster, which would break the clock synchronization in the network.
Given this, it is not possible to change the clock quality information e.g. only for one UE/DS-TT that is part of a PTP instance and which is served by a RAN node whose clock quality has degraded.

At the same time, the PTP clock quality information needs to be accurate as mandated for instance for clock accuracy (one element of PTP clock quality information) in IEEE 1588 [X] clause 7.6.2.6.

Given this, it would be violating IEEE 1588 to let a UE/DS-TT continue sending PTP messages to devices attached to the UE/DS-TT if the accuracy that is indicated in the PTP Announce messages is not met.

Therefore, if the TSCTSF determines that the Time synchronization error budget requested by the AF for (g)PTP-based time synchronization cannot be met for a given UE because of clock accuracy degradation e.g. of the RAN node serving the UE, then the TSCTSF needs to temporarily remove the UE/DS-TT from the PTP instance. 
Proposal 3: if the TSCTSF determines that the Time synchronization error budget requested by the AF for (g)PTP-based time synchronization cannot be met for a given UE because of clock accuracy degradation e.g. of the RAN node serving the UE, then the TSCTSF temporarily removes the UE/DS-TT from the PTP instance.
1.4
Instructing NW-TT to announce a specific PTP specific clock class
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.

According to TS 23.501 Table 5.28.3.1-2, TSCTSF can already instruct NW-TT using UMIC which PTP clock class information and PTP clock accuracy information to include in Announce messages:
	Time synchronization information for PTP instances (NOTE 16)
	
	
	

	> PTP instance specification
	
	
	

	[...]
	
	
	

	IEEE Std 1588 [126] data sets (NOTE 15)
	
	
	

	>> defaultDS.clockQuality.clockClass
	RW
	RW
	IEEE Std 1588 [126] clause 8.2.1.3.1.2

	>> defaultDS.clockQuality.clockAccuracy
	RW
	RW
	IEEE Std 1588 [126] clause 8.2.1.3.1.3

	[...]
	
	
	

	IEEE Std 802.1AS [104] data sets (NOTE 15)
	
	
	

	[...]
	
	
	

	>> defaultDS.clockQuality.clockClass
	RW
	RW
	IEEE Std 802.1AS [104] clause 14.2.4.2

	>> defaultDS.clockQuality.clockAccuracy
	RW
	RW
	IEEE Std 802.1AS [104] clause 14.2.4.3


Given this, it is proposed to simply remove the related Editor's note from solution 1.
Proposal 4: Remove Editor's note on how the TSCTSF can instruct the NW-TT to use a specific PTP clock class that is sent in Announce messages since TSCTSF can already do so based on existing functionality (using UMIC) as defined in the Rel-17 version of TS 23.501.
1.5
Receiving time synchronization status information multiple times
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.
UPF/NW-TT is time synchronized using transport network-based time synchronization protocols. Based on this, UPF/NW-TT can learn about the status of the time synchronization. For example, UPF/NW-TT can see a change of clock class or clock accuracy if PTP is used and the clock class/accuracy of the grandmaster clock changes.
Solution 1 in TR 23.700.25 states that TSCTSF subscribes for receiving time synchronization status from UPF (i.e. the status of the synchronization of the UPF with the transport network timing) and that UPF reports this information to TSCTSF. 

In other words, the clock class/accuracy information received by UPF/NW-TT from the transport network is proposed to be provided to the TSCTSF but not to be used directly by NW-TT in Announce messages.
The latter is in line with Rel-17 specifications (TS 23.501 Table 5.28.3.1-2 and Annnex K.2.2.4), which illustrate that the TSCTSF updates the clock quality information to be used by NW-TT in Announce messages using UMIC. 
In conclusion, the time synchronization status information which NW-TT receives from the transport network and the information that NW-TT receives from TSCTSF serve different purposes. In line with this, and given that how TSCTSF can update the clock class information is already described in Rel-17 specifications, it is proposed to remove the related Editor's note.
Proposal 5: Remove Editor's note related to NW-TT receiving time synchronization status degradation twice given that the time synchronization status information which NW-TT receives from the transport network and the information that NW-TT receives from TSCTSF serve different purposes.
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.
The point raised in the Editor's note is not specific to this solution.
Also in Rel-16 and Rel-17 the UE can - at the same time - receive timing quality information in both RRC (uncertainty information, which "indicates the uncertainty of the reference time information" according to TS 38.331 clause 6.3.2) and using (g)PTP (e.g. clock accuracy information) in the user-plane.
It is worth noting that in Rel-16 and Rel-17 there is no clear definition which of the information is used by the UE for which purpose.

This paper therefore proposes to clarify the different scenarios in an additional note. 

Proposal 6: Add a Note to solution 1 to clarify the following: Time synchronization status information provided to the UE using RRC is assumed to be used by the UE, e.g. for applications running on the UE or to provide time information to devices attached to the UE using implementation specific means. Time synchronization status information provided to UE/DS-TT by 5GC in (g)PTP (e.g. clock class, clock accuracy) is assumed to be consumed by devices attached to the UE to which UE/DS-TT forwards the (g)PTP frames/packets.
2.
Text proposal
In line with the proposals made in the previous clause, it is proposed to agree the following changes to TR 23.700-25:
>>>>BEGINNING OF CHANGES<<<<
6.1
Solution #1: Inform UE and AF about network timing synchronization status

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 e.g., using transport network-based time synchronization protocols.
-
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.

This solution addresses the following scenarios for 5G internal timing distribution:

-
5GS distributes timing information to UEs using access stratum signaling.

-
5GS is acting as GM and distributes timing information to UEs using PTP or gPTP.

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:
-
TSCTSF subscribes for receiving RAN time synchronization status on a per RAN node level from NWDAF:
-
NWDAF subscribes for RAN time synchronization status information from OAM. RAN time synchronization internal status information includes e.g. synchronization state, primary source information (e.g. type, quality, lock state), relevant PTP dataset members such as clock class (if PTP applies), the more general UTC traceability information, stability and clock accuracy.
-
As an alternative option, TSCTSF subscribes for RAN time synchronization status information from OAM. RAN time synchronization status information includes e.g. synchronization state, primary source information (e.g. type, quality, lock state), relevant PTP dataset members such clock class(if PTP applies), the more general UTC traceability, stability and clock accuracy information.
-
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. relevant PTP dataset members such as clock class(if PTP applies), UTC traceability information and clock accuracy and stability) to TSCTSF.
NOTE 1:
UPF time synchronization status is only needed for the option when UPF/NW-TT is generating and timestamping messages for the DS-TT, which are forwarded from DS-TT adding residence time 
-
Determining UEs impacted by RAN 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.

-
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.

-
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 or the DS-TT co-located with those UEs 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 as follows:
-
For UEs impacted by RAN time synchronization status degradation or improvement for which the AF has requested 5G access stratum time distribution, TSCTSF determines if the Time synchronization error budget provided by the AF can be met given the change of clock accuracy for the RAN node serving the UE:
-
If the sum of the clock accuracy of the RAN node serving a UE and the Uu time synchronization error budget previously calculated for the UE (see TS 23.501 [2] clause 5.27.1.9) exceeds the Time synchronization error budget provided by the AF, then the TSCTSF informs the AF that the time synchronization request cannot be fulfilled for the impacted UE.
-
Otherwise, the TSCTSF informs the AF that the time synchronization request can be fulfilled again for the impacted UE.
-
For UEs for which the AF has requested (g)PTP based time distribution and which are impacted by RAN and/or UPF time synchronization status degradation or improvement, TSCTSF determines if the Time synchronization error budget provided by the AF can be met given the change of clock accuracy for the RAN node serving the UE and/or the change of clock accuracy reported by the UPF:
-
If the sum of 
-
the clock accuracy of the RAN node serving a UE,

the Uu time synchronization error budget previously calculated for the UE (see TS 23.501 [2] clause 5.27.1.9), and, 
-
(in case NW-TT is configured to act as Grandmaster on behalf of the UE/DS-TT) the clock accuracy reported by the UPF 
-
exceeds the Time synchronization error budget provided by the AF, the TSCTSF informs the AF that the time synchronization request cannot be fulfilled for the impacted UE.
-
Otherwise, the TSCTSF informs the AF that the time synchronization request can be fulfilled again for the impacted UE.
Editor's note:
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.


-
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.

-
NG-RAN informs UEs about the time synchronization status by providing additional time synchronization status information (e.g. synchronization state, primary source description (e.g. typequality, lock state), information about traceability to UTC, clock accuracy and stability) to UEs in SIB or using dedicated RRC.
NOTE 2:
Time synchronization status information provided to the UE using RRC is assumed to be used by the UE, e.g., for applications running on the UE or to provide time information to devices attached to the UE using implementation specific means. Time synchronization status information provided to UE/DS-TT by 5GC in (g)PTP (e.g. clock class, clock accuracy) is assumed to be consumed by devices attached to the UE to which UE/DS-TT forwards the (g)PTP frames/packets.


-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement (see above) for which the AF has requested (g)PTP based time distribution and for which the the Time synchronization error budget provided by the AF cannot be met (see above) then TSCTSF temporarily removes the UE/DS-TT from the PTP instance:
-
If the DS-TT is configured to send Sync, Follow_Up and Announce messages for the related PTP instance, then TSCTSF deactivates the Grandmaster functionality in the DS-TT using PMIC (see also TS 23.501 [2] clause K.2.2.4) and removes the DS-TT from the PTP instance (see also TS 23.501 [2] clause K.2.2.1).
-
If NW-TT is configured to send Sync, Follow_Up and Announce messages on behalf of the DS-TT, then TSCTSF deactivates the Grandmaster functionality on behalf of the DS-TT in NW-TT using UMIC (see also TS 23.501 [2] clause K.2.2.4) and removes the DS-TT from the PTP instance (see also TS 23.501 [2] clause K.2.2.1).
Editor's note: Whether instead of removing the DS-TT from the PTP instance TSCTSF can put the DS-TT's PTP port into Faulty state (see also IEEE 1588 [Z] clause 7.6.2) is FFS.

Editor's note: Whether the scenario exists (and if so, how to support it for (g)PTP) that RAN or UPF time synchronization status has degraded but the Time synchronization error budget provided by the AF can still be satisfied is FFS.



6.1.3
Procedures

6.1.4
Impacts on services, entities and interfaces

-
NG-RAN:

-
Indicate RAN network timing synchronization status to UEs in RRC signaling or SIB9.
-
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 (or OAM) 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.
-
Discover serving AMF for a UE.

-
Configuration of NG-RAN node to notify UEs via RRC or SIB9.
-
UPF:

-
Report transport network time synch status (e.g., primary source information and status, clock class, UTC traceability and clock accuracy and stability) to TSCTSF in case NW-TT is configured to generate (g)PTP messages (see case (a) in TS 23.501 [2], clause 5.27.1.7.
>>>>END OF CHANGES<<<<
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