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1	Introduction
In RAN3#118, we discussed SA2 LS on obtain RAN timing synchronization status from NG-RAN via control plane signalling (KI#1) and concluded that:
RAN3 is unable to comment on the potential RAN3 impacts, without knowing details such as the content of RAN time synchronization status to be reported. Some information is implementation dependent.
The incoming LS from SA2 on Proposed method for Time Synchronization status reporting to UE(s) in [1] has two questions for RAN3. 
[bookmark: _Ref178064866]2	Discussion
2.1	Feedback on the scope of the reporting ID related to information UE the change of RAN clock quality
The first question that SA2 asks for feedback from RAN3:
	With respect to informing UEs in RRC_Inactive/Idle about a change of the RAN clock quality, SA2 has concluded the following:
-	The gNB includes in SIB9 a reference report ID as a notification for the UEs reading the SIB9 that there is new clock quality information available. The UE compares the reference report ID with locally stored reference report ID to determine if it had retrieved the last available clock quality information already.
[bookmark: _Hlk126677557]-	The reference report ID consists of the scope of the report ID and an Event ID (an integer). Scope may either identify a group of cells within a single gNB or a group of cells across gNBs. The latter would reduce the amount of signalling even further since then UEs that move to another gNB would not need to retrieve the clock quality details.
SA2 question: SA2 would like to kindly request RAN2 and RAN3 to provide feedback whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.



In the NR, any SIB, except SIB1, can be configured to be cell specific or area specific, using an indication in SIB1. The cell specific SIB is applicable only within a cell that provides the SIB while the area specific SIB is applicable within an area referred to as SI area, which consists of one or several cells.
Observation 1: SIB9 can be configured to be cell specific or area specific, using an indication in SIB1.
We understand the SA2 LS is actually meant to introduce some other “scope” specific for the Event ID. We will provide analysis based on this assumption.
The aspect of RAN3 to look at is obviously the aspect of introducing “group of cells” when applied across gNBs. In our view, gNB has the timing knowledge for its own cells, but not for the cells in other gNBs. The different gNBs could have different synchronization sources, different status in the complete path, also radio conditions could be very different. The Event ID if sent across the gNB may be less reliable
Further having a status report indicating a potential change covering status of multiple gNBs in the SIB, relevant for multiple UEs, would mean larger risk of even more UEs going to connect mode, if a change happens in any of the cells in the group belonging to multiple gNBs. The status change indication gets less precise and less directive towards specific affected UEs.
In the LS, the motivation for “scope” as: “The latter would reduce the amount of signalling even further since then UEs that move to another gNB would not need to retrieve the clock quality details.”
With the “scope”, SIB 9 signalling would not be reduced, only the requirement for UEs to retrieve respective content. The question is on the requirement to become aware that the clock quality changed. There should not be a stringent requirement for UEs in inactive/idle. 
 If there is a requirement that the UE is seamlessly aware of the time synchronization information, then the UE should be kept in connected mode.
When the UE enters into a new cell, it will get the timing information via SIB. It would be beneficial to have a unified sole solution, so that UE would not need to behave differently related to Event ID, i.e. sometimes retrieve from the SIB and sometimes not.
Proposal 1: it is proposed to reply to SA2 that RAN3 does not see benefit to have the scope of the report ID specifying groups of cells within a gNB or across gNBs. The “scope” information will not be needed.
2.2	Time Attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clock frequency stability, PTP clockClass.
The second question that SA2 asks for feedback from RAN3:
	With respect to providing RAN’s latest clock quality information to the UE in RRC_Connected state SA2 has concluded the following:
	If a UE is subscribed for Access Stratum Time Synchronization (ASTI) in the UDM (see clause 8.6), then the "Access and Mobility Subscription data" may additionally contain the following clock quality reporting control information:
Clock quality detail level: indicates whether and which clock quality information to provide to the UE and can take one of the following values: clock quality metrics or acceptable/not acceptable indication;
Clock quality acceptance criteria for the UE (if the clock quality level equals "acceptable/not acceptable indication": the clock quality acceptance criteria for the UE. Acceptance criteria can be defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, frequency stability.
Attributes that can be used for clock quality acceptance criteria depends on RAN capabilities to provide them and pending RAN WGs feedback. 
Some companies believe that PTP clockClass can also be a parameter that can be used as clock quality acceptance criteria and for reporting clock quality to the UE while other companies do not consider PTP clockClass feasible because PTP clockClass values refer to the "holdover specification of the applicable PTP Profile" as per IEEE 1588 clause 7.6.2.5, which has no meaning if ASTI is used and is also not known to the UE and because PTP clockClass does not apply if an gNB uses SyncE or GNSS as time source. 
The reason that SA2 requires all these attributes is also to support scenarios where time is provided using PTP to devices behind the UE. To enable this scenario, ITU-T has informed SA2 in their LS on Monitoring of network time synchronization and relevant parameters that " if the timing is offered to the client connected to the devices/UE via a PTP interface, and assuming the client network makes use of a specific PTP profile, information must be provided to the PTP clock in the device so that Announce messages compliant with the relevant profile (e.g., ITU-T G.8275.1, IEEE802.1AS, the SMPTE PTP profile, etc.) can be generated." (see S2-2300011).
SA2 question: 
SA2 would like to kindly request RAN3 to provide feedback whether the following attributes are available in RAN: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clock frequency stability, PTP clockClass.



The NG-RAN node timing synchronization is an implementation aspect. The high timing accuracy is always associated with a high cost. 
Observation 2: information about time synchronization status available at NG-RAN and its accuracy are implementation dependent.
In [2], SA2 stated that:
The detection is performed based on information provided by time synchronization protocols used in the transport network for both RAN and UPF, or, in the case of NG-RAN, using information provided by a local GNSS receiver. However, in any case, the details on how exactly NG-RAN/UPF detects timing synchronization degradation/failure/improvement locally are beyond the scope of 3GPP.
Observation 3: the detection of the timing synchronization degradation/failure in NG-RAN node is implementation dependent.
The UE obtains from NR SIB9 information related to GPS time and Coordinated Universal Time (UTC) and local time, leap second.
In NR, UE in Idle/RRC-Inactive mode could get 5G timing information via SIB9. For connected mode UE, it could also get TA/PDC via RRC message.
Proposal 2: It is proposed that RAN3 to indicate to SA2 that NG-RAN node decides if it can perform Time Status Reporting and indicate it to AMF.
Look into the time attributes in the SA2 discussion: 
Table 5.27.1.X-1: Information elements contained in NG-RAN or UPF timing synchronization status information [NOTE 1]
	Information Name
	Description
	Category

	Synchronization state
	Indicates the state of the node synchronization, represented by the values “Locked”, “Holdover”, or “Freerun” (NOTE 1).
	Optional

	Synchronization performance
	Traceable to UTC
Traceable to GNSS
Frequency stability
	Optional

	Clock quality
	clock accuracy
	Optional

	Time source
	Describes the primary source the node is currently using, represented by the values “SyncE”, “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “serial time code”, “NTP”, “hand set”, “other”.
	Optional

	Editor’s Note : Information elements contained in NG-RAN depends on RAN capabilities to determine them and pending RAN WGs feedback.
NOTE 2: 	Clock is in the “Locked”, “Holdover”, or “Freerun” mode, as defined in ITU-T G.810 [X].




Time source:
[bookmark: _Hlk127178660]NG-RAN node can provide this information if NG-RAN is time synchronized directly with the external clock. The value could be “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “other”.
We understand that the Time source are provided to CN only when gNB uses this time source. 
NG-RAN node by implementation may synchronized indirectly with the external clock, in this case, “other” can be used.
Proposal 3: It is proposed to reply to SA2 that the gNB could provide Time source with value “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “other” when applicable.
[bookmark: _Hlk126750898]Traceability to UTC or GNSS:
PTP includes the difference between PTP time and UTC time (As the number of leap seconds since the PTP epoch start). 
If gNB is synchronized with a GNSS receiver, the number of leap seconds are included in the SIB 9 already today. 
In our view, the traceability to UTC or GNSS is not needed to be sent to AMF.
Proposal 4: It is proposed to reply to SA2 that the Traceability to UTC or GNSS is not needed to be provided from gNB.
[bookmark: _Hlk127180795][bookmark: _Hlk127280654] Synchronization state:
In TS 36,413, the Synchronization status are defined:
	[bookmark: _Toc20953891][bookmark: _Toc29391069][bookmark: _Toc36551808][bookmark: _Toc45832044][bookmark: _Toc51762997][bookmark: _Toc64382050][bookmark: _Toc73964568][bookmark: _Toc88647178][bookmark: _Toc97883127][bookmark: _Toc98531706][bookmark: _Hlk126591010]9.2.3.34	Time Synchronisation Info
The Time Synchronisation Info IE is used for signalling stratum level, synchronisation status and muting availability for over-the-air synchronisation using network listening.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Synchronisation Info
	
	
	
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)
	
	
	

	>Synchronisation status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)
	
	
	

	>Muting Availability Indication
	O
	
	ENUMERATED (Available, Unavailable, …)
	Indicates availability of muting activation.
	YES
	ignore







[bookmark: _Hlk127180810]In our view, what matters for CN to know, is if the NG-RAN node is synchronized to the external time source or not. Thus it is enough for NG-RAN node to provide its synchronization status, i.e. “synchronous /asynchronous”.
If NG-RAN node is time synchronized with the external clock, it is synchronous. Else it is asynchronous.
Proposal 5a: It is proposed to reply to SA2 that gNB could provide it’s Synchronization state as “synchronous /asynchronous” or “Time synchronized/Not time synchronized”.
For a directly connected GNSS receiver, the Whole principle of GNSS relies on correct time at the satellites. The state of the GNSS that gNB could report is “available, not available”.
For a PTP GM,  gNB can also be able to detect if the PTP path is broken.
Proposal 5b: It is proposed to reply to SA2 that gNB could provide the time source Synchronization state as “available, not available, broken path”.
Clock accuracy:
The detection of the timing synchronization degradation is out of the scope of 3GPP. It implies that the clock status reporting from gNB cannot be very precise or mandatory.
If the RAN node is asynchronous, then clock accuracy is not even applicable.
If the RAN node is synchronous, it is possible for NG-RAN node to obtain the information at a rough level or detail level. This is up to gNB implementation.
Proposal 6: It is proposed to reply to SA2 that gNB have options to 1) time synchronization status not available; 2) time synchronization reporting in terms of value range (e.g. low ~ high); 3) time synchronization reporting in specific value
[bookmark: _Hlk127280695]Clock frequency stability:
In general, the clock frequency stability relates to the Crystal Oscillator. The higher stability, the higher cost.
It is unclear what the AF would do with the time synchronization status report when the clock frequency is stable, less stable or not stable.
It is therefore preferred not to provide such information.
Proposal 7: It is proposed to reply to SA2 that clock frequency stability time synchronization reporting is not provided from gNB to CN.
PTP clockClass: 
NG-RAN node can provide this information if NG-RAN is time synchronized with an external clock using Precision Time Protocol (PTP).
Proposal 8: It is proposed to reply to SA2 that gNB could provide PTP clockClass if it is synchronized with PTP.

Based on the above analysis of the attributes, we propose the below:
Observation 1: SIB9 can be configured to be cell specific or area specific, using an indication in SIB1.
Proposal 1: it is proposed to reply to SA2 that RAN3 does not see benefit to have the scope of the report ID specifying groups of cells within a gNB or across gNBs. The “scope” information will not be needed.
Observation 2: information about time synchronization status available at NG-RAN and its accuracy are implementation dependent.
Observation 3: the detection of the timing synchronization degradation/failure in NG-RAN node is implementation dependent.
Proposal 2: It is proposed that RAN3 to indicate to SA2 that NG-RAN node decides if it can perform Time Status Reporting and indicate it to AMF.
Proposal 3: It is proposed to reply to SA2 that the gNB could provide Time source with value “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “other” when applicable.
Proposal 4: It is proposed to reply to SA2 that the Traceability to UTC or GNSS is not needed to be provided from gNB.
Proposal 5a: It is proposed to reply to SA2 that gNB could provide it’s Synchronization state as “synchronous /asynchronous” or “Time synchronized/Not time synchronized”.
Proposal 5b: It is proposed to reply to SA2 that gNB could provide the time source Synchronization state as “available, not available, broken path”.
Proposal 6: It is proposed to reply to SA2 that gNB have options to 1) time synchronization status not available; 2) time synchronization reporting in terms of value range (e.g. low ~ high); 3) time synchronization reporting in specific value
Proposal 7: It is proposed to reply to SA2 that clock frequency stability time synchronization reporting is not provided from gNB to CN.
Proposal 8: It is proposed to reply to SA2 that gNB could provide PTP clockClass if it is synchronized with PTP.
3	Proposal
Proposal 1: it is proposed to reply to SA2 that RAN3 does not see benefit to have the scope of the report ID specifying groups of cells within a gNB or across gNBs. The “scope” information will not be needed.
Observation 2: information about time synchronization status available at NG-RAN and its accuracy are implementation dependent.
Observation 3: the detection of the timing synchronization degradation/failure in NG-RAN node is implementation dependent.
Proposal 2: It is proposed that RAN3 to indicate to SA2 that NG-RAN node decides if it can perform Time Status Reporting and indicate it to AMF.
Proposal 3: It is proposed to reply to SA2 that the gNB could provide Time source with value “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “other” when applicable.
Proposal 4: It is proposed to reply to SA2 that the Traceability to UTC or GNSS is not needed to be provided from gNB.
Proposal 5a: It is proposed to reply to SA2 that gNB could provide it’s Synchronization state as “synchronous /asynchronous” or “Time synchronized/Not time synchronized”.
Proposal 5b: It is proposed to reply to SA2 that gNB could provide the time source Synchronization state as “available, not available, broken path”.
Proposal 6: It is proposed to reply to SA2 that gNB have options to 1) time synchronization status not available; 2) time synchronization reporting in terms of value range (e.g. low ~ high); 3) time synchronization reporting in specific value
Proposal 7: It is proposed to reply to SA2 that clock frequency stability time synchronization reporting is not provided from gNB to CN.
Proposal 8: It is proposed to reply to SA2 that gNB could provide PTP clockClass if it is synchronized with PTP.
The draft Reply LS is submitted in [3].
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