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Background
The new WID of NR Timing Resiliency and URLLC enhancements was approved in RAN#99 [1]. In which, the following objective related to timing synchronization status is included:
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1.	5GS network timing synchronization status and reporting [RAN3, RAN2]:
a.	AMF providing clock quality reporting control information per-UE to the gNB. [RAN3]
b.	gNB delivering 5G Clock quality information to the UE in RRC_CONNECTED state, based on the clock quality reporting control information and gNB capability. [RAN2, RAN3]
Note 1: 	Details of the 5G clock quality information will be decided by RAN3.
c.	UE in RRC_IDLE and RRC_INACTIVE state determining that the 5G Clock quality information has changed via information received in the broadcast signalling. [RAN2]
d.	gNB reporting node-level RAN timing synchronization status information towards the AMF, based on RAN timing synchronization status reporting configuration and gNB capability. [RAN3]



In this contribution, we will discuss the 5G Clock quality information related issues and give our proposals.

Discussion
RAN clock quality information change notification for UE in idle/inactive state
In the Reply LS [2] from SA2, the following information are included: 
		Informing UEs in RRC_Inactive/Idle state about a change of the RAN clock quality information:
-	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.
NOTE 2:	RAN WGs are expected to decide whether to support both scopes (group of cells per gNB or across gNBs).


Here a reference report ID corresponds to a source clock and/or a time synchronization state. Although different gNBs may share a same source clock or connect to different source clocks, there is no mechanism to coordinate among gNBs when one of the gNB change its source clock and/or a time synchronization state. Therefore, we prefer to restrict the reference report ID within a single gNB, and the reference report ID consists only a target ID (e.g. event ID is not included). gNB includes in SIB9 a reference report ID(an integer) as a 5G time synchronization status change notification. The UE can compare the reference report ID with locally stored reference report ID to determine if it had retrieved the last available clock quality information already.  
Proposal 1: It is suggested to include the reference report ID information in SIB9. 
Considering that UE should compare the reference report ID with locally stored reference report ID to decide whether it had retrieved the last available clock quality information already, and the stored reference report ID should be associated with the stored RTI(e.g. ReferenceTimeInformation), the reference report ID should also be provided when providing the RTI(e.g. ReferenceTimeInformation) to UE.
Proposal 2: It is suggested to include the reference report ID information when providing the RTI (e.g. ReferenceTimeInformation) to UE.
In addition, SA2 also discusses whether reference report ID always needs to be broadcast on SIB9. For the former, we don’t think it is necessary to broadcast reference report ID all the time, it should be broadcasted only when the reference report ID changes. But since different UEs may read the SIB9 at different time, when to include reference report ID should be based on gNB implementation.
Proposal 3: Reference report ID should be broadcasted only if necessary, and when to include reference report ID should be based on gNB implementation.
Furthermore, SA2 also discusses whether UE always needs to become RRC_CONNECTED state to get information when the reference report ID is different. Since it mainly depends on the type of service, that is, the service with high time precision needs to update the time in time. Therefore, we can wait for the further conclusion of SA2. 
Proposal 4: It is suggested to wait for SA2’s conclusion about the conditions for obtaining time information.

5G Clock quality information delivery to UE in RRC_CONNECTED state
Based on the above analysis of 2.1, we can find that in RRC_IDLE and RRC_INACTIVE state, the gNB transmits a reference report ID related to the reference time through broadcast. When the reference report ID related to the reference time stored in the UE is different from the reference report ID broadcast by the gNB, the UE may need to initiate an RRC establishment or RRC resume to obtain the 5G Clock quality information and/or RTI. In order for the gNB to recognize the cause that the UE enters the RRC_CONNECTED state is to obtain the time information, the UE need to notify the gNB the cause that the UE enters the RRC_CONNECTED state is to obtain the time information. Therefore, new value for EstablishmentCause and ResumeCause should be introduced to indicate that the UE enters the RRC_CONNECTED state is to obtain the time information. 
Proposal 5: New value for EstablishmentCause and ResumeCause should be introduced to indicate that the UE enters the RRC_CONNECTED state is to obtain the time information.
In the Reply LS [2] from SA2, the following information are included:
	-	Based on the clock quality reporting control information received from AMF, RAN reports its timing synchronization status to the UE using unicast RRC:
-	If clock quality detail level is set to "clock quality metrics", then the RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: clock accuracy, PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.
-	If clock quality detail level is set to "acceptable/not acceptable indication", then the RAN provides an acceptable indication to the UE if the RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise RAN indicates "not acceptable" to the UE.

-	When determining the clock quality metrics for a UE and when determining whether clock quality is acceptable or not acceptable for a UE, RAN considers whether propagation delay compensation is performed.
NOTE 6:	Clock quality metrics and the acceptable/not acceptable indication refer to the quality with which 5G access stratum time is delivered to and received by the UE (i.e. also considering propagation delays). In addition, the UE can, for example, update clock quality metrics to reflect internal inaccuracies in the UE before providing the clock quality metrics to devices connected to the UE.


Since clock accuracy can be expressed by “uncertainty” IE in RTI (e.g. ReferenceTimeInformation), if clock quality detail level is set to "clock quality metrics", only the the following information should be included in RTI: PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state. And the value range of PTP clockClass, traceability to UTC, frequency stability, time source and synchronization state can wait for the SA2 and RAN3’s conclusion.
Proposal 6: Clock quality detail level is included in the unicast signaling when proving RTI.
Proposal 6a: The value range of PTP clockClass, traceability to UTC, frequency stability, time source and synchronization state can wait for the SA2 and RAN3’s conclusion.
Since a reference report ID corresponds to a source clock and/or a time synchronization state, when the reference report ID changes, the time source and/or a time synchronization state may change, and the time of the new time source and the old time source may not align. Thus, for TSN service with accurate timing synchronization requirement, the time of NW-TT and UE-TT may not align when the the time source changes, which may cause the TSN service collapsed.  
To deal with the time alignment between the new time source and the old time source, a reference time is provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes.
Proposal 7: A reference time is provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes. 
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[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we make the following observations and proposals:
Proposal 1: It is suggested to include the reference report ID information in SIB9. 
Proposal 2: It is suggested to include the reference report ID information when providing the RTI (e.g. ReferenceTimeInformation) to UE.
Proposal 3: Reference report ID should be broadcasted only if necessary, and when to include reference report ID should be based on gNB implementation.
Proposal 4: It is suggested to wait for SA2’s conclusion about the conditions for obtaining time information.
Proposal 5: New value for EstablishmentCause and ResumeCause should be introduced to indicate that the UE enters the RRC_CONNECTED state is to obtain the time information.
Proposal 6: Clock quality detail level is included in the unicast signaling when proving RTI.
Proposal 6a: The value range of PTP clockClass, traceability to UTC, frequency stability, time source and synchronization state can wait for the SA2 and RAN3’s conclusion.
Proposal 7: A reference time is provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes. 
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