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Introduction
In RAN2#121bis-e meeting, RAN2 made the following agreements:
	Agreements
1. RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID.  The scenario, as per RAN3 will be supported - different cells within gNB that are served by different DUs and different clock quality is possible.  
2. Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
a. RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via an event ID in SIB9 by comparison with the one maintained locally.  
b. RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message
3. Postpone the UAC until CT1’s feedback on UAC framework to randomize UE access to network in the time domain
4. 5G Clock Quality information is carried in DLInformationTransfer message.  
5. FFS if update of event ID is informed to UE by SI modification procedure
6. For Idle/Inactive mode RAN2 assumes that the NAS layer triggers the RRC connection procedure based on inputs from AS.   
7. The AS layer of the UE determines if there a change of event ID and it indicates a change in the RAN timing synchronization status to NAS layers.  FFS to double check for connected mode and inactive 


This document discusses the detailed signalling aspects of 5G clock quality information.
Discussion
For this WI, RAN2 should focus on Uu signalling of 5G clock quality information from gNB to UE. The first issue is which 5G clock quality information should be signalled from gNB to UE. SA2 discussed and agreed the clock quality detail level as specified in TS 23.501 [1], which indicates what should be provided to the UE for the clock quality information. One level is clock quality metrics and other level is acceptable/not acceptable indication.
	-	Clock quality detail level. It 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.
-	If the clock quality detail level equals "clock quality metrics", the NG-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, traceability to UTC and to GNSS, frequency stability, parent time source, synchronization state.
-	If the clock quality detail level equals "acceptable/not acceptable indication", clock quality acceptance criteria for the UE. The NG-RAN provides an acceptable indication to the UE if the NG-RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise, NG-RAN indicates "not acceptable" to the UE. Acceptance criteria can be defined based on one or more of the following attributes: parent time source, traceability to UTC and to GNSS, synchronization state, clock accuracy, frequency stability.
Editor's note:	Attributes that can be used for clock quality acceptance criteria depends on RAN capabilities to determine them and pending RAN WGs feedback


Observation 1. The clock quality reporting comprises of clock quality metrics or acceptable/not acceptable indication.
UEs may not be interested in all those components of clock quality information but be interested in whether NR meets the synchronization requirements on 5G clock accuracy. For instance, frequency stability or parent time source may not be used by the UE. Also, a gNB may not know some particular information. Thus, gNB can selectively deliver the clock quality information.
In RAN3#119bis-e meeting, RAN3 agreed to support signalling of clock quality metrics and acceptance/not acceptance indication and those are captured in the endorsed CRs [2, 3]. Also, for clock quality metrics, all components can be optionally signalled according to gNB’s capability. We see this principle can be the same for Uu signalling..
Proposal 1. 5G clock quality information is signalled as either “clock quality metric” or “acceptable/not acceptable indication”
Proposal 2. 5G clock quality metric may include the following optional information elements: 
· clock accuracy
· traceability to UTC 
· traceability to GNSS
· frequency stability
· parent time source
· synchronization state
A question could be whether the clock accuracy should be newly introduced or not. The total clock accuracy is determined by the following three components:
a) Time uncertainty: Accuracy of “time” indicated in ReferenceTimeInfo
b) PDC error: Quantization error of propagation delay compensation (PDC)
c) Refresh error: Error due to UE mobility and refresh of clock quality information
In ReferenceTimeInfo, “uncertainty” of the time information is equivalent to accuracy of time (a) and has been supported since Rel-16. Also, it is clear that ReferenceTimeInfo is more frequently delivered than clock quality information which does not change so frequently. PDC error (b) is known to UE, so additional signalling may not be needed. Refresh error (c) is not currently known to UE, however it might not be dominant compared with other error component. 
Observation 2. uncertainty of ReferenceTimeInfo may replace clock accuracy.
We see signalling of clock accuracy is not essential due to the reason above. But if RAN2 agrees to introduce the signalling of clock accuracy together with other clock quality metrics, the clock accuracy should be the total accuracy including all three error components a) time uncertainty, b) PDC error and c) refresh error.
Proposal 3. For signalling of clock accuracy, RAN2 to select one of the following options:
· Option 1: no separate signalling on clock accuracy (i.e. uncertainty is reused)
· Option 2: introduce a separate signalling of clock accuracy including time uncertainty, PDC error and refresh error
SA2 discussion focused on unicast delivery due to the size issue of the clock quality information. However, we see the same information can be delivered by SIB9 in broadcast manner. Compared to Rel-16 ReferenceTimeInfo delivered by SIB9, the newly introduced information is considered very small and the maximum size is expected around 20-30 bits even if all components of clock quality metric are transmitted. Moreover, a single cell could have a common clock source with a common quality for most of cases or a few different clock sources with a few different clock qualities. It is clear that size is not an issue.
Observation 3. 5G clock quality delivery via SIB9 does not have any size issue.
[bookmark: _GoBack]A benefit of broadcast delivery of clock quality information is that the UE simply checks whether and which interested clock quality information is changed. It can avoid excessive state transition to RRC_CONNECTED and admission control. Hence, it would be nicer to support the broadcast delivery.
Proposal 4. 5G clock quality information can be delivered by SIB9.

Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Proposal 1. 5G clock quality information is signalled as either “clock quality metric” or “acceptable/not acceptable indication”
Proposal 2. 5G clock quality metric may include the following optional information elements: 
· clock accuracy
· traceability to UTC 
· traceability to GNSS
· frequency stability
· parent time source
· synchronization state
Proposal 3. For signalling of clock accuracy, RAN2 to select one of the following options:
· Option 1: no separate signalling on clock accuracy (i.e. uncertainty is reused)
· Option 2: introduce a separate signalling of clock accuracy including time uncertainty, PDC error and refresh error
Proposal 4. 5G clock quality information can be delivered by SIB9.
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