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1. Introduction
SA2 has agreed a new WID on Timing Resiliency and URLLC enhancements in [1], where the support for 5G Timing Resiliency requirements is one of objectives. In last RAN3#119 meeting, the SA2 LS on for Time Synchronization status reporting to UE(s) was received, with the following questions in [2]. 
	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.
SA2 question: SA2 would like to kindly request RAN2 to provide feedback whether this approach is feasible.
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.



In this paper, we provide our answers to these questions. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Scope of the reference report ID
As specified in the LS [1], the RAN node may broadcast a reference report ID, so that the UE can decide if its stored clock quality information is the latest or not. 
	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.
-	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.



Regarding the scope of the reference ID, we need first to consider what the exact reference ID represents. According to the agreed TP for TR23.700-25, the TSS information may contain the following four parameters. 
	The network timing synchronization status information from RAN or UPF/NW-TT can contain the following parameters: node's synchronization state, node's synchronization performance, primary source description, and primary source event.



Also the clock quality information can contain the following parameters in [3] as postponed CR.
	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].




The detailed availability analysis can be found in the next section. Generally if RAN node has such capabilities, we think it can be difficult for different gNBs share the same clock quality attribute, because all these attributes are RAN node specific. For example, the clock accuracy depends on the total synchronization error caused by multiple PTP hops and would probably be different among gNBs if they have different number of hops to the same time source. Hence in our understanding, the clock quality attribute should be at gNB-level granularity, i.e. the across gNB granularity is not expected at least in this release. Otherwise, if the “across gNBs” granularity is to be supported, it would not only require the inter-node cooperation with additional specification effort, but also the inter-operational test. 
 
From RAN3’s perspective, the scope of the reference report ID shall be group of cells per gNB, while the scope of cells across gNBs is not expected. 

2.2 Clock attributes in RAN side
SA2 also discussed the RAN’s latest clock quality information for RRC connected UE, and inquiried about the clock attributes in the RAN side.  The details are excerpted as follows. 
	[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]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. 
[bookmark: _Hlk125029909]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.


For the availability of the attributes in RAN, we have the following views:
· Time source: The gNB has the knowledge where the time information is from, e.g. from GNSS, or PTP, or atomic clock, etc.
· Traceability to UTC or GNSS: this attribute is available since the gNB knows whether the provided time can be traceable to UTC or GNSS.
· Synchronization state: clearly, the gNB has the knowledge whether its time is tightly locked with the time source or not. And based on the gNB’s holdover capability, the gNB also knows whether it can holdover the time and how long it can holdover the time after losing sync with the time source.
· Clock accuracy: In Rel-16, RAN2 has introduced ‘uncertainty’ field in ReferenceTimeInfo IE for Uu timing. Hence, the ‘uncertainty’ can reflect the clock accuracy.
· Clock frequency stability: The actual meaning of this attribute is not clear. If it means the crystal oscillator frequency, we think this information is not available, because it may be affected by various environmental factors, e.g. temperate, humidity, and so on. If it means the “offsetScaledLogVariance” as indicated in the TS 23.501 as one of clock quality information, it is available in the gNB.
· PTP clockClass: it is true that if a gNB uses SyncE or GNSS as time source, and the PTP clockClass cannot be obtained from the time source. But if the requirement is deemed necessary, one possible way for the gNB is  to map the time source to a PTP clockClass, based on the definition of PTP clockClass values and the actual time quality. 
In addition, the above detailed clock attributes should be considered as vendor-specific. Hence, all the attributes shall be optional, if finally defined in the specification.
The clock frequency stability is available at the NG-RAN node if it means the offsetScaledLogVariance as defined in TS 23.501. And in case the PTP clockClass is deemed necessary for TSS, it can be mapped from SyncE or GNSS time source by NG-RAN’s implementation. 
The detailed clock attributes are considered as vendor-specific, i.e. the clock information listed above should be optional if finally specified in the specification.  
3. Conclusion 
[bookmark: _GoBack][bookmark: _Toc423020280]Based on the discussion in this paper, we reach the following proposals. The draft reply LS is provided in [4].

1. RAN3 answers that the per gNB granularity RAN clock quality is supported while the across gNBs granularity is not expected. 
The clock frequency stability is available at the NG-RAN node if it means the offsetScaledLogVariance as defined in TS 23.501. And in case the PTP clockClass is deemed necessary for TSS, it can be mapped from SyncE or GNSS time source by NG-RAN’s implementation. 
The detailed clock attributes are considered as vendor-specific, i.e. the clock information listed above should be optional if finally specified in the specification.  
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