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1	Introduction
At RAN#99, a new WID on NR Timing Resiliency and URLLC enhancements was approved in [1]. It includes the following objective:
	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 paper, we evaluate the RAN3 specification impacts of objective 1 (5GS network timing synchronization status and reporting), and provide an initial set of proposals.
[bookmark: _Hlk527071819]2	Discussion
2.1	Objectives 1a and 1b
To provide RAN’s latest clock quality information to the UE in RRC_CONNECTED state, SA2 has agreed on the following:
	From TS 23.501 v18.1.0:
5.27.1.12	Support for network timing synchronization status monitoring
[…]
For 5G access stratum time synchronization service, clock quality reporting control information manages the NG-RAN timing synchronization status notifications to the UE. When AMF provides the 5G access stratum time distribution indication and the Uu time synchronization error budget to NG-RAN, AMF also includes the clock quality reporting control information provided by the TSCTSF or received from UDM. Clock quality reporting control information may be present in the AF request or Access and Mobility Subscription data at the UDM, and contains the following fields:
-	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
When determining the clock quality metrics for a UE and when determining whether clock quality is acceptable or not acceptable for a UE, NG-RAN considers whether propagation delay compensation is performed while UE capabilities and internal inaccuracies are assumed to be budgeted by the client network operator when agreeing the required clock accuracy with the 5G network operator. 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.



From the above, it can be inferred that the RAN provides the latest clock quality information to the UE in RRC_CONNECTED state as follows:
Step 1:	AMF provides per-UE clock quality reporting control information to the gNB (together with 5G access stratum time distribution indication and the Uu time synchronization error budget introduced in Rel-17).  The clock quality reporting control information contains:
-	Clock quality detail level: can take one of the following values: “clock quality metrics” or “acceptable/not acceptable indication”.
-	Clock quality acceptance criteria for the UE: applicable if the clock quality detail level equals “acceptable/not acceptable indication”. The acceptance criteria can be defined based on the following attributes: synchronization state, traceable to UTC or GNSS, frequency stability, clock accuracy, parent time source.
Step 2:	Based on the clock quality reporting control information received from AMF, gNB reports its timing synchronization status to the UE using unicast RRC:
a)	If clock quality detail level equals “clock quality metrics”, then the gNB provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: synchronization state, traceable to UTC or GNSS, frequency stability, clock accuracy, parent time source.
b)	If clock quality detail level equals “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.
Note: gNB takes into account whether propagation delay compensation is performed.
The clock quality reporting control information in step 1 is per-UE and linked to the time distribution indication and Uu time synchronization error budget introduced in Rel-17 within the Time Synchronisation Assistance Information IE. Therefore, the clock quality reporting control information can also be added within the Time Synchronisation Assistance Information IE. 
Proposal 1:	Introduce a new Clock Quality Reporting Control Information IE in the existing Time Synchronisation Assistance Information IE (NGAP, XnAP). 
Proposal 2:	The new Clock Quality Reporting Control Information IE includes the Clock Quality Detail Level IE, which can take the value “clock quality metrics” or “acceptable/not acceptable indication”.
Proposal 3:	The new Clock Quality Reporting Control Information IE additionally includes the Clock Quality Acceptance Criteria IE if the Clock Quality Detail Level IE is set to “acceptable/not acceptable indication”.
If the clock quality detail level is set to "acceptable/not acceptable indication", then the evaluation of whether the clock quality is acceptable or not could conceivably be performed by either the gNB-DU (if the clock quality acceptance criteria is transferred from CU to DU) or by the gNB-CU (if the clock quality metrics are passed from the DU to the CU). For both cases, the gNB-CU is required to know the result of the evaluation (i.e., acceptable/not acceptable), to provide the result to the UE using unicast RRC.
However, if the clock quality detail level is set to “clock quality metrics”, then the RAN provides clock quality information to the UE that reflect its current timing synchronization status using unicast RRC. Therefore, in this case the gNB-CU is required to know the RAN’s timing synchronization status since it hosts the RRC. 
Observation 1:	The clock quality metrics in step 2 are per-DU, and therefore conveyed in non-UE associated F1AP signalling from gNB-DU to gNB-CU. 
To enable the clock quality reporting at the gNB-CU, two options can be considered in F1AP:
1)	Reuse existing F1AP procedure(s); or
2)	Introduce new F1AP procedure(s).
If existing F1AP procedures are reused, then a potential candidate could be to extend the Reference Time Information Reporting Control and Reference Time Information Report procedures.  However, one potential issue with using Class 2 procedures is that the gNB-DU may not be capable of reporting all the different clock quality information (i.e., synchronization state, traceable to UTC or GNSS, frequency stability, clock accuracy, parent time source). If the gNB is capable of reporting only a subset of the clock quality information, it would be useful to receive feedback from the gNB-DU about whether it can handle the gNB-CU’s request. Therefore, a new class 1 procedure may be more appropriate for enabling the gNB-CU to request clock quality metrics from the gNB-DU.
Proposal 4:	In F1AP, introduce a new Class 1 procedure to enable the gNB-CU to request clock quality metrics from the gNB-DU, and a new Class 2 procedure to enable the gNB-DU to report the clock quality metrics.  Details of the new F1AP procedures are FFS.
2.2	Objective 1c
At RAN3#119, RAN3 discussed the LS from SA2 on proposed method for time synchronization status reporting to UE(s) and reached the following conclusions [2]:
 -	Depending on gNB topology, clock quality information can be the same for some or all cells of a gNB. Also, topologies can exist where clock quality information is different between “groups of cells within a single gNB” (e.g. cells served by different gNB-DUs).
-	RAN3 understands that it shall be possible for NG-RAN to ensure that UEs are kept in RRC_IDLE or RRC_INACTIVE state when moving between cells of a gNB with the same clock quality. From RAN3 point of view, this can be supported with just the “Event ID”.
-	RAN3 does not see a need to support “group of cells across gNBs” in Release 18, considering its limited applicability and the likely specification effort (e.g. coordination of the reference report ID over the Xn interface).
Observation 2:	From RAN3 perspective, a new Event ID is needed in broadcast signalling (e.g. SIB9).
Although it is RAN2 scope to confirm that Event ID is to be indicated in SIB9, RAN3 should further discuss the necessary value range for Event ID.
Cells that share the same clock quality information should broadcast the same Event ID value. Depending on gNB topology, different gNB-DUs may have different clock quality information even though they are hosted by the same gNB-CU. Therefore, the Event ID value range should take into account:
a)	The number of gNB-DUs under the same gNB-CU that have different clock quality information; and
b)	The frequency that clock quality information may change.
At a minimum, specifications should allow 1024 groups (i.e. DUs having different clock quality information) and a value range of 64 per group, resulting in a range of at least 65536.
Proposal 5:	The value range for Event ID should be at least 65536. 
2.3	Objective 1d
To provide node-level RAN timing synchronization status information towards the AMF, SA2 has concluded the following:
	From 23.501 v18.1.0:
5.27.1.12	Support for network timing synchronization status monitoring
[…]
The support for network timing synchronization status monitoring enables the 5GS to modify time synchronization service for a UE or a group of UEs depending on the current synchronization status and notify service updates. There may be three consumers of this information:
-	TSCTSF may receive node-level information about timing synchronization status from NG-RAN and/or UPF/NW-TT directly from OAM or alternatively, if supported by a node, using control plane signalling at node level. Node level signalling uses UMIC for UPF/NW-TT case and an AMF service to report N2 node level information for NG-RAN case.
[…]
RAN nodes may be pre-configured with the thresholds for each timing synchronization status attribute, if supported, that is described in Table 5.27.1.12-1. When the network timing synchronization status exceeds the threshold (i.e. status degradation), or the network timing synchronization status meets the thresholds again (i.e. status improvement), the RAN node notifies the TSCTSF (either using N2 node level signalling via AMF, or via OAM) with the RAN Node ID, the scope of the timing synchronization status and the corresponding network timing synchronization status attributes as described in this clause.
[…]
Table 5.27.1.12-1: Information elements contained in NG-RAN or UPF timing synchronization status information
	Information Name
	Description
	Category

	Synchronization state
	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 1:	Clock is in the "Locked", "Holdover", or "Freerun" mode, as defined in ITU‑T G.810 [164].






From the above text, the thresholds for reporting RAN timing synchronization status towards the AMF may be configured via OAM and will depend on the gNB capabilities (i.e., a gNB may have a threshold configured for only one or multiple attributes listed in TS 23.501 Table 5.27.1.12-1). The AMF is responsible for requesting the RAN timing synchronization status reports from the gNB-CU (based on the subscriptions the TSCTSF request). Then, when a report is generated at the gNB, it is forwarded to the AMF. A status report is triggered at the gNB when the RAN timing synchronization status exceeds a threshold or meets again the thresholds. From the CN perspective, a RAN timing synchronization status report may include:
-	RAN node ID.
-	Scope of the timing synchronization status (e.g. Cell IDs, if scope is more granular than gNB). 
-	Network timing synchronization status attributes (e.g., synchronization state, traceable to UTC or GNSS, frequency stability, clock accuracy, parent time source).
The conclusions in [2] provided further input to SA2 regarding the scope of the timing synchronization status (i.e., to a single gNB) and the availability of the attributes within the gNB. SA2 still needs to consider RAN3 response to further progress the content and the scope of the RAN timing synchronization status report to be provided from the gNB to the CN.
Observation 3:	The RAN timing synchronization status information reported to the AMF is gNB level information (e.g., all or certain cells of the gNB-CU) and therefore conveyed in non-UE associated NGAP signalling.
Observation 4:	The non-UE associated F1AP procedures to enable objective 1a and 1b can be reused in objective 1d to provide the gNB-CU with clock quality information to be reported to the AMF.
Proposal 6:	NGAP impacts of objective 1d are pending further progress in SA2.
3	Conclusions
The following is proposed:
Proposal 1:	Introduce a new Clock Quality Reporting Control Information IE in the existing Time Synchronisation Assistance Information IE (NGAP, XnAP). 
Proposal 2:	The new Clock Quality Reporting Control Information IE includes the Clock Quality Detail Level IE, which can take the value “clock quality metrics” or “acceptable/not acceptable indication”.
Proposal 3:	The new Clock Quality Reporting Control Information IE additionally includes the Clock Quality Acceptance Criteria IE if the Clock Quality Detail Level IE is set to “acceptable/not acceptable indication”.
Observation 1:	The clock quality metrics are per-DU, and therefore conveyed in non-UE associated F1AP signalling from gNB-DU to gNB-CU. 
Proposal 4:	In F1AP, introduce a new Class 1 procedure to enable the gNB-CU to request clock quality metrics from the gNB-DU, and a new Class 2 procedure to enable the gNB-DU to report the clock quality metrics.  Details of the new F1AP procedures are FFS.
Observation 2:	From RAN3 perspective, a new Event ID is needed in broadcast signalling (e.g. SIB9).
Proposal 5:	The value range for Event ID should be at least 65536. 
Observation 3:	The RAN timing synchronization status information reported to the AMF is gNB level information (e.g., all or certain cells of the gNB-CU) and therefore conveyed in non-UE associated NGAP signalling.
Observation 4:	The non-UE associated F1AP procedures to enable objective 1a and 1b can be reused in objective 1d to provide the gNB-CU with clock quality information to be reported to the AMF.
Proposal 6:	NGAP impacts of objective 1d are pending further progress in SA2.
A text proposal for TS 38.413 is provided in Annex A.
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9.3.1.220	Time Synchronisation Assistance Information
This IE indicates 5G access stratum time distribution parameters as defined in TS 23.501 [9].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Time Distribution Indication
	M
	
	ENUMERATED (enabled, disabled, …)
	

	Uu Time Synchronisation Error Budget 
	C-ifEnabled
	
	INTEGER (1..1000000, …)
	Expressed in units of 1ns.

	Clock Quality Reporting Control Information
	O
	
	9.3.1.z1
	



	Condition
	Explanation

	C-ifEnabled
	This IE shall be present if the Time Distribution Indication IE is set to “enabled”.



Next Modification
9.3.1.z1	Clock Quality Reporting Control Information
This IE indicates the clock quality reporting control information as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Quality Detail Level
	M
	
	ENUMERATED (metrics, indication, …)
	

	Clock Quality Acceptance Criteria
	C-ifIndication
	
	9.3.1.z2
	



9.3.1.z2	Clock Quality Acceptance Criteria
This IE indicates the clock quality acceptance criteria as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	[FFS]
	
	
	
	



End Modification

