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Introduction
In RAN#99 meeting, WI “NR Timing Resiliency and URLLC enhancements” was approved [1], with following timing resiliency objective related to RAN2:

1.	5GS network timing synchronization status and reporting [RAN3, RAN2]:
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]

The WI is the RAN aspects to support SA2 work on Timing Resiliency and URLLC enhancements, and relevant SA2 stage-2 specification changes are copied in the Annex.
In this contribution, we discuss 5GS network timing synchronization status and reporting.
Discussion
[bookmark: _Hlk61435005]Background
SA2 has concluded that NG-RAN can indicate to UE in RRC_IDLE/INACTIVE via SIB9 that there is new clock quality information available. Such indication is implemented in a reference report ID, and UE compares the reference report ID in SIB9 with locally stored reference report ID to determine whether the UE needs to transit to RRC_CONNECTED to retrieve the new clock quality information. Related part in TS 23.501 is copied below:
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. The NG-RAN indicates the status change to the UEs via SIB9:
-	When the network timing synchronization status exceeds the threshold, the NG-RAN includes in SIB9 a reference report ID. When the network timing synchronization status meets the thresholds again (i.e. status improvement), the NG-RAN stops broadcasting the reference report ID in SIB9. Either event serves as a notification for the UEs reading the SIB9 that there is new clock quality information available.
-	The UE in RRC_INACTIVE or RRC_IDLE state compares the reference report ID in SIB9 (or lack of 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 should support providing clock quality for all the cells within a single NG-RAN node.
Editor's note:	Support for scope of the report ID for a group of cells within a NG-RAN node or a group of cells across NG-RAN nodes depends on RAN2/3 feedback. If supported, how TSCTSF determines the impacted UE is FFS.
-	If the UE is instructed by AMF (via Registration or the UE Configuration Update procedure) to reconnect to the network in the case when the UE determines that report ID has changed, the UE in RRC_INACTIVE or RRC_IDLE state reconnects to the network. After the UE has reconnected to the network, the NG-RAN uses unicast RRC signalling to provision the clock quality information to the UEs.
In reply LS R2-2302106, regarding the scope of reported ID, RAN2 indicates the following:
It is beneficial to avoid the UE getting RRC connection whenever it moves to another cell. Identifying cells within the same gNB for option a) can already be supported with gNB ID length broadcasted, while identification of cells across different gNBs sharing the report ID with option b) would need signalling to be defined in RAN2.
Regarding the randomization of UEs getting to RRC_CONNECTED, RAN2 indicates in reply LS R2-2302106 that it is feasible to randomize the UE(s) re-connection to the cell due to a new clock quality information available in the cell with current UAC framework. RAN2 further asks CT1 if we can use an existing access category for the access attempt to retrieve the latest available clock quality information, e.g., the one for MO signalling, or if it would require a new one since it should not block access triggered by other MO signalling. 
In RAN3’s reply LS R3-230811, RAN3 indicates the following:
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).
[bookmark: Proposal_Across]Proposal 1: RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID.
5G clock quality information delivery
SA2 TS 23.501 specified that “After the UE has reconnected to the network, the NG-RAN uses unicast RRC signalling to provision the clock quality information to the UEs.” WID [1] has a note: “Details of the 5G clock quality information will be decided by RAN3”. Therefore main discussion point in RAN2 is in which RRC message the 5G clock quality information is provided.
In Rel-16 URLLC, the reference time can be either provided in SIB9, or in dedicated RRC signalling in message DLInformationTransfer as below.
DLInformationTransfer-v1610-IEs ::= SEQUENCE {
    referenceTimeInfo-r16               ReferenceTimeInfo-r16               OPTIONAL,   -- Need N
    nonCriticalExtension                DLInformationTransfer-v1700-IEs     OPTIONAL
}

It is proposed that 5G clock quality information is provided in DLInformationTransfer message. 
[bookmark: Proposal_Message]Proposal 2: 5G clock quality information is provided in DLInformationTransfer message.
Reference report ID signalling
TS 23.501 specifies the following regarding reference report ID:
The UE in RRC_INACTIVE or RRC_IDLE state compares the reference report ID in SIB9 (or lack of 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 should support providing clock quality for all the cells within a single NG-RAN node.
Since RAN3 does not see a need to support “group of cells across gNBs”, only “group of cells within same gNB” is supported. RAN2 indicates that “Identifying cells within the same gNB for option a) can already be supported with gNB ID length broadcasted”, as from below:

 PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode     OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode         OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    [Omitted]
    [[
    trackingAreaList-r17                SEQUENCE (SIZE (1..maxTAC-r17)) OF TrackingAreaCode             OPTIONAL,      -- Need R
    gNB-ID-Length-r17                   INTEGER (22..32)         OPTIONAL       -- Need R
    ]]
}
-- TAG-PLMN-IDENTITYINFOLIST-STOP
-- ASN1STOP

	PLMN-IdentityInfo field descriptions

	gNB-ID-Length
Indicates the length of the gNB ID out of the 36-bit long cellIdentity.


 
TS 23.501 specified that “The reference report ID consists of the scope of the report ID and an Event ID (an integer).” Since gNB-ID-Length-r17 can be used to identify cells within the same gNB, there is no need to signal the scope of the report ID explicitly in SIB9. If the UE in RRC_IDLE / INACTIVE moves to a cell of the same gNB, it checks Event ID in SIB9 to determine whether it needs to transit to RRC_CONNECTED to acquire 5G clock information. If the UE moves to a cell of different gNB, it needs to transit to RRC_CONNECTED to acquire 5G clock information.  
[bookmark: Proposal_ReportID]Proposal 3: For the reference report ID, only Event ID is signalled in SIB9. The scope of the report ID is not signalled explicitly in SIB9, and is derived based on gNB-ID-Length-r17.
Conclusion
In this contribution, we discuss 5GS network timing synchronization status and reporting, and propose the following:
Proposal 1: RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID.
Proposal 2: 5G clock quality information is provided in DLInformationTransfer message.
Proposal 3: For the reference report ID, only Event ID is signalled in SIB9. The scope of the report ID is not signalled explicitly in SIB9, and is derived based on gNB-ID-Length-r17.
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Annex TS 23.501 clause 5.27.1.12
[bookmark: _Toc131516834]5.27.1.12	Support for network timing synchronization status monitoring
While the time synchronization service is offered by the 5GS, based on 5G access stratum-based time distribution or (g)PTP-based time distribution, the network timing synchronization status of the nodes involved in the operation (e.g. NG-RAN nodes and/or UPF/NW-TTs) may change. NG-RAN and UPF/NW-TT can detect timing synchronization degradation or improvement locally. 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.
-	AF may subscribe to time synchronization status notifications for a UE or group of UEs for which the AF requests or has requested time synchronization service (for 5G access stratum time distribution or (g)PTP services).
-	For 5G access stratum time synchronization service, the UE may receive clock quality information from the NG-RAN based on UE subscription data stored in the UDM (see clause 5.27.1.11) or AF request for clock quality reporting to the UE.
Editor's note:	Support for RRC_INACTIVE and RRC_IDLE states depends on RAN2 feedback.
When activating time synchronization for a UE, TSCTSF requests the AMF (via PCF using AM policy) to instruct the UE to transition to RRC CONNECTED to the network in the case when the UE later detects that the RAN timing synchronization status has changed while the UE is in RRC_INACTIVE or RRC_IDLE state.
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. The NG-RAN indicates the status change to the UEs via SIB9:
-	When the network timing synchronization status exceeds the threshold, the NG-RAN includes in SIB9 a reference report ID. When the network timing synchronization status meets the thresholds again (i.e. status improvement), the NG-RAN stops broadcasting the reference report ID in SIB9. Either event serves as a notification for the UEs reading the SIB9 that there is new clock quality information available.
-	The UE in RRC_INACTIVE or RRC_IDLE state compares the reference report ID in SIB9 (or lack of 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 should support providing clock quality for all the cells within a single NG-RAN node.
Editor's note:	Support for scope of the report ID for a group of cells within a NG-RAN node or a group of cells across NG-RAN nodes depends on RAN2/3 feedback. If supported, how TSCTSF determines the impacted UE is FFS.
-	If the UE is instructed by AMF (via Registration or the UE Configuration Update procedure) to reconnect to the network in the case when the UE determines that report ID has changed, the UE in RRC_INACTIVE or RRC_IDLE state reconnects to the network. After the UE has reconnected to the network, the NG-RAN uses unicast RRC signalling to provision the clock quality information to the UEs.
The network timing synchronization status information from NG-RAN or UPF/NW-TT to the TSCTSF can contain the following information as described in the Table 5.27.1.12-1.
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].



The TSCTSF determines the UEs impacted by NG-RAN timing synchronization status change (i.e. degradation, failure or improvement) or UPF timing synchronization status change (only for the case when UPF/NW-TT is involved in providing time information to DS-TT).
-	For NG-RAN case, the TSCTSF discovers the AMFs serving the impacted RAN Nodes, and subscribes to receive notifications for UE presence in Area of Interest information. The Area of Interest is set to a RAN node ID that have reported status degradation (i.e. the pre-configured thresholds are exceeded in the RAN) from AMF as described in clause 5.3.4.4. The subscription is targeted to any UE in the AMF. The TSCTSF correlates information about impacted RAN nodes and the UE location information received from AMF. If the RAN node notifies the TSCTSF for the status improvement (i.e. the pre-configured thresholds are met in the RAN), the TSCTSF modifies the subscription to remove the RAN node ID from the Area of Interest.
-	For UPF case, the TSCTSF determines the UEs for which an impacted UPF/NW-TT is configured to send (g)PTP messages.
If NG-RAN or UPF timing synchronization status change, the TSCTSF may perform the following:
-	For AFs that subscribe for 5G access stratum time synchronization service or (g)PTP time synchronization service status update (i.e. change in acceptance criteria support status), the TSCTSF may provide notification towards the AF when there is a change in support status for a UE or group of UEs.
-	Deactivating/reactivating/updating time synchronization services:
-	(g)PTP time synchronization service case: For UEs that are part of a PTP instance and which are impacted by NG-RAN or UPF time synchronization status degradation or improvement:
-	If TSCTSF determines that the clock quality acceptance criteria provided by AF can still be met, then TSCTSF may update the clockQuality information sent in Announce messages (see clause 7.6.2 of IEEE 1588 [8]) for the PTP instance using existing procedures and existing PMIC/UMIC information. The handling of Announce messages follows existing procedures as described in clause 5.27.1.6.
-	If TSCTSF determines that the clock quality acceptance criteria provided by AF cannot be met, then TSCTSF informs the AF about the acceptance criteria result.
-	If TSCTSF determines that the clock quality acceptance criteria provided by AF can be met again then TSCTSF informs the AF about the acceptance criteria result.
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.
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