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Abstract of the contribution: This paper addresses various open issues for Solution 1
1.
Discussion
1.1
Overview

TR 23.700-25 includes Editor's notes for Solution 1. The following sections discuss each Editor's note and propose a resolution.
1.2
Use of PTP faulty state instead of removing DS-TTs from the PTP instance

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 clause 7.6.2 of IEEE Std 1588 [8]) is FFS.
There are two aspects to be considered in relation to this Editor's note:

-
How to disable PTP in NW-TT/DS-TT for a given PTP port in case of 5GS time synchronization status degradation?
-
How to represent a PTP port that has been disabled due to 5GS time synchronization status degradation towards the AF?

With respect to the first aspect, i.e., disabling PTP in NW-TT/DS-TT for a given PTP port in case of 5GS time synchronization status degradation, i.e., when the Time synchronization error budget requested by the AF cannot be me anymore: While use of the PTP Faulty state appears reasonable to reflect issues resulting from 5GS time synchronization status degradation, the issue is that not all types of PTP clocks support the PTP Faulty state.
For instance gPTP does not support the PTP Faulty state according to IEEE 802.1AS Annex F.4. Also other potential PTP states like the PTP Disabled state are not mandatory to be supported as reflected in IEEE 1588 clause 17.7.2. 
Given this, it is proposed to stick to the solution to disable PTP in NW-TT/DS-TT for a given PTP port by temporarily removing the PTP port from the PTP instance within 5GS in case of 5GS time synchronization status degradation.
Proposal 1: Stick to the solution to temporarily remove a PTP port of a DS-TT from the PTP instance within 5GS in case of 5GS time synchronization status degradation, i.e., when the Time synchronization error budget requested by the AF cannot be me anymore. 

Furthermore, given that the solution currently does not describe how to re-activate the PTP port again in case RAN/UPF time synchronization status improves again it is proposed to also clarify that in this case the TSCTSF adds the UE/DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality again.
Proposal 2: Clarify in Solution 1 if TSCTSF has determined UEs impacted by RAN or UPF time synchronization status improvement for which the AF has requested (g)PTP based time distribution and for which the Time synchronization error budget provided by the AF can be met again then TSCTSF adds the related DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.

With respect to the second aspect: as per TS 23.502 Table 5.2.6.25.5-1 the values Active and Inactive are supported where to indicate the state of a PTP port to an AF where Active indicates that a PTP port is in Master, Slave or Passive state and Inactive indicates that a PTP port is in any other state.
Proposal 3: Clarify in Solution 1 that PTP ports that have been removed from the PTP instance temporarily due to RAN or UPF time synchronization status degradation are represented as Inactive towards the AF.

1.3
Updating clockQuality information in Announce messages sent by DS-TT and NW-TT to reflect RAN/UPF time synchronization status information
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.

There are scenarios where the time synchronization error budget requested by the AF can still be satisfied even though there is a degradation in RAN or UPF time synchronization status, e.g. if the AF requested accuracy is significantly lower than the clock accuracy that is provided by 5GS and the clock accuracy of the RAN node serving a UE has only started degrading as a result of the RAN node losing synchronization to a primary reference time source (e.g. GNSS) and having entered holdover mode.
In this case, the (g)PTP based time synchronization can continue as long as the Time synchronization error budget provided by the AF can be met. However, the clockQuality information included in Announce messages needs to be updated to reflect the change in clock quality, e.g. to reflect that the clock has entered holdover state or to reflect a change in clock accuracy.

It is important to consider that ClockQuality information included in Announce message needs to be the same for all PTP ports of the same PTP instance. Therefore TSCTSF needs to configure the same clockQuality information for all UEs that are part of the same instance PTP instance even if only some UEs are impacted. For example, if one UE that is part of a PTP instance is served by a RAN node that lost synchronization to a primary reference time source (e.g. GNSS) and enters holdover mode, then the clockClass attribute needs to be changed for all UEs that are part of that PTP instance.
Proposal 4: Clarify in Solution 1 that TSCTSF may update the clockQuality information sent in Announce messages (e.g. to reflect that the clock has entered holdover state or to reflect a change in clock accuracy) for all UEs of the PTP instance if TSCTSF determines that UEs that are part of a PTP instance are impacted by RAN or UPF time synchronization status degradation or improvement for which the Time synchronization error budget provided by the AF can still be met.

2.
Text proposal
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 signalling.

-
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.

-
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 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.

-
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 clause 5.27.1.9 of TS 23.501 [2]) 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 clause 5.27.1.9 of TS 23.501 [2]); 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 by indicating the PTP port state as Inactive for the related DS-TT PTP port.

-
Otherwise, the TSCTSF informs the AF that the time synchronization request can be fulfilled again for the impacted UE by indicating the PTP port state as Active for the related DS-TT PTP port.

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 that receive 5G access stratum time about the time synchronization status by providing additional time synchronization status information (e.g. synchronization state, primary source description (e.g. type, quality, lock state), clock class and information about traceability to UTC, clock accuracy and stability) to UEs in SIB or using dedicated RRC.
-
Reflecting RAN and UPF time synchronization status degradation and improvement in Announce messages sent by DS-TT and NW-TT:
-
If TSCTSF has determined that UEs that are part of a PTP instance are impacted by RAN or UPF time synchronization status degradation or improvement for which the Time synchronization error budget provided by the AF can still be met (see above), then TSCTSF may update the clockQuality information sent in Announce messages (see IEEE 1588 [8] clause 7.6.2) for the PTP instance. For example, TSCTSF may change the clockQuality information to reflect that the clock has entered holdover state or to reflect a change in clock accuracy.
-
If a DS-TT is configured to send Announce messages for the related PTP port, then TSCTSF changes the clockQuality information for the related PTP port using PMIC.

-
If NW-TT is configured to send Announce messages on behalf of the DS-TT, then TSCTSF changes the clockQuality information for the related PTP port using UMIC.
NOTE 3:
ClockQuality information included in Announce message needs to be the same for all PTP ports of the same PTP instance. Therefore TSCTSF needs to configure the same clockQuality information for all UEs that are part of the same instance PTP instance even if only some UEs are impacted. For example, if one UE that is part of a PTP instance is served by a RAN node that lost synchronization to a primary reference time source (e.g. GNSS) and enters holdover mode, then the clockClass attribute needs to be changed for all UEs that are part of that PTP instance.
NOTE 4:
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.

-
Deactivation and re-activation of (g)PTP based time synchronization due to RAN or UPF time synchronization status degradation and improvement:
-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation (see above) for which the AF has requested (g)PTP based time distribution and for which 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 clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).

-
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 clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).

-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status improvement for which the AF has requested (g)PTP based time distribution and for which the Time synchronization error budget provided by the AF can be met again (see above) then TSCTSF adds the DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.


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 signalling 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 (i.e. for which UEs time synchronization can be provided or not due to 5GS time synchronization status).

-
Discover serving AMF for a UE.



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 clause 5.27.1.7 of TS 23.501 [2].

>>>>END OF CHANGES<<<<
Change �indentation to B5


�This can to be removed since this solution does not assume TSCTSF to request RAN nodes to notify UEs with additional information. Instead RAN nodes inform all UEs that receive 5G access stratum time also about time synchronization status (which RAN can detect locally).
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