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Introduction
A New WID on Further URLLC Enhancement [1] has been approved, which is used to support the SA2 URLLC enhancements. One of the objectives is about the 5GS network timing synchronization status and reporting. And 2 bullets in the objective have RAN2 impact:
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]
We address the case of UE in IDLE/INACTIVE state in [2]. So in this contribution, we only discuss and clarify the content and the delivery method of the 5GS network timing synchronization in RRC_CONNECTED state.
Discussion
0. The Clock quality information sent to UE by gNB
In WID it is said that the “5G Clock quality information” will be transmitted by the gNB to the UE in RRC_CONNECTED state. Details of the 5G clock quality information will be decided by RAN3, and the gNB will send this information based on the “clock quality reporting control information” from the core network and the gNB capability. 
From TS23.501 [3], the “clock quality reporting control information” contains the field of “Clock quality detail level” which indicates two values: clock quality metrics or acceptable/not acceptable indication.
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]5.27.1.X	Support for network timing synchronization status monitoring
[Omitted part]
[bookmark: OLE_LINK19]-	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. 


So in the air-interface, the gNB could send either the acceptable/not acceptable indication or the detailed clock quality metrics.
For acceptable/not acceptable indication, only 1 bit is needed to indicate whether the clock quality is “acceptable” or “not acceptable”.
Proposal 1:  For rough indication, a 1 bit “acceptable/not acceptable indication” should be defined in DL Uu signalling.
For clock quality metrics, the parameters refer to the following information: clock accuracy, traceability to UTC and to GNSS, frequency stability, parent time source, synchronization state. There is a table in TS23.501 [3] to illustrate what these parameters mean:
	Table 5.27.1.X-1: Information elements contained in NG-RAN or UPF timing synchronization status information 
	Information Name
	Description
	Category

	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Synchronization state
	[bookmark: OLE_LINK18]Indicates the state of the node synchronization, represented by the values “Locked”, “Holdover”, or “Freerun”.
	Optional

	Synchronization performance
	Traceable to UTC
Traceable to GNSS
Frequency stability
	Optional

	Clock quality
	clock accuracy
	Optional

	Parent 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].






Proposal 2:  For detailed information indication, the “clock quality metrics” should be defined in DL Uu signalling which includes:
· Synchronization state: Value of “Locked”, “Holdover”, or “Freerun”;
· Synchronization performance: “traceability to UTC”,  “traceability to GNSS”, “Frequency stability”;
· Clock quality: clock accuracy;
· Parent time source: Values of “SyncE”, “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “serial time code”, “NTP”, “hand set”, “other”.
There is another parameter of “PTP clockClass” which is still under discussion of SA2 and RAN3. RAN3 has confirmed the attribute “PTP clockClass” is available at the gNB, under the assumption that the gNB receives time using PTP. So if this can be a definite conclusion, the gNB will also send the “PTP clockClass” parameters to the UE for the “clock quality metrics”.
Proposal 3:  Whether the “clock quality metrics” defined in the Uu interface should include “PTP clockClass” depends on RAN3’s final decision.
0. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Delivery method
It is described in TS23.501 [3] that:
	5.27.1.X	Support for network timing synchronization status monitoring
[Omitted part]
To provision clock quality information to the UEs, the NG-RAN uses unicast RRC signalling:
-	For UEs in RRC Connected state, the NG-RAN uses unicast RRC signalling.
- 	The UE that is not in RRC_CONNECTED state may establish or resume the RRC connection to receive the clock quality information from the NG-RAN.



Therefore RAN2 should consider whether the existing message e.g. DLInformationTransfer could be reused to send the 5G clock quality information, or defined a new message to carry it.
Proposal 4:  RAN2 to discuss whether the existing DLInformationTransfer message or a new message is used to carry the 5G clock quality information.
[bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1:  For rough indication, a 1 bit “acceptable/not acceptable indication” should be defined in DL Uu signalling.
Proposal 2:  For detailed information indication, the “clock quality metrics” should be defined in DL Uu signalling which includes:
· Synchronization state: Value of “Locked”, “Holdover”, or “Freerun”;
· Synchronization performance: “traceability to UTC”,  “traceability to GNSS”, “Frequency stability”;
· Clock quality: clock accuracy;
· Parent time source: Values of “SyncE”, “PTP”, “GNSS”, “atomic clock”, “terrestrial radio”, “serial time code”, “NTP”, “hand set”, “other”.
Proposal 3:  Whether the “clock quality metrics” defined in the Uu interface should include “PTP clockClass” depends on RAN3’s final decision.
Proposal 4:  RAN2 to discuss whether the existing DLInformationTransfer message or a new message is used to carry the 5G clock quality information.
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