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	[bookmark: _Hlk55138113]Reason for change:
	The CR intends to address and remove some Editor’s Notes in the Conclusion of KI #1. 

Editor’s Notes:
Editor's note:	The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
Based on LS from RAN2 (R2-2213048), (i) the size of the SIB is important and it is good to keep the new information size reasonable, (ii) multiple UEs going to connected state at the same time should be avoided. 

On the one hand, Alternatives 1.3 and 1.4 in Annex 1 would require including all the set of status parameters in the SIB. Depending on the size of this set, it might increase the size of the SIB message. On the other hand, Alternatives 1.1 and 1.2 provide just a small set of parameters  to help the UE decide whether it needs to go to connected state to receive the actual status report (Report ID=Cell group ID, Event ID, or timestamp). However, Alternatives 1.1(a) and 1.2 may generate the problem of multiple UEs going to connected state simultaneously. Alternative 1.1(b) minimizes this issue since there is a list of status characteristics at UEs that are predefined or standardized. However, predefined and standardized information implies it is known and could be misused is ways that could hinder the security and interfere with the thought business model. Alternative 1.3 openly exposes the status to every UE. Alternative 1.4 cyphers the information in the SIB message but implies additional complexity.
In order to overcome the issues present in Alternative 1.1(b), it is proposed Alternative 1.1(c)  where the network provides the list the characteristics (or codebook) to the UE in a dedicated manner. TSCTSF may be responsible of generating the codebooks which can be provided to gNB via OAM (preferred) or via NGAP, and then gNB delivers the codebook to the UE when it is registered via dedicated RRC message. Note that in both 1.1(b) and 1.1(c) an error handling is necessary when the provided index to the set of time sync characteristics is does not exist at the UE. In such case the UE must transition to Connected state.

Editor's note:	Providing RAN timing synchronization status information to the UE in RRC_Idle and RRC_Inactive state is FFS.
It is relevant to note that the LS from RAN2 (R2-2213048) states: “in connected mode the UE can be provided with more accurate information”. This implies that a consideration is to be made when providing the service for UEs in Idle or Inactive states especially when the requirements on accuracy (error budget) is very tight and when the service is offered publicly. Moreover, since the use of SIB messages is susceptible to malicious insertions and Report ID may be replaced, many UEs may simultaneously and unnecessary transition to Connected state. Therefore a Note with the above statements is added and the corresponding Editor’s Note is removed.

Editor's note:	Which clock quality metrics (e.g. clock accuracy, traceability to UTC, frequency stability) will be provided to the UE and will be used to determine whether the clock quality is acceptable or not is FFS.
It is proposed to use a short set of parameters that sufficiently indicate the UE about the status of the time synchronization service: synchronization state ("Locked”, “Holdover”, “Freerun”) [optional], source type (e.g, “PTP”, “GNSS”, “other”) [optional], clock quality descriptor (e.g., “clockClass”, “ClockAccuracy”, “gnss-rx-time-error”) [mandatory].


	
	

	Summary of change:
	Removing the following Editor’s Note and adding a proposal to deliver information to the UE using SIB in Annex A, and adding it to the conclusion in clause 8.5:
Editor's note:	The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
Removing the following Editor’s Note and adding Note to indicate that UEs in Connected mode can be provided with more accurate timing information, and that there are risks to consider Idle or Inactive UE states given that SIB messages are unprotected and broadcasted. 
Editor's note:	Providing RAN timing synchronization status information to the UE in RRC_Idle and RRC_Inactive state is FFS.
Removing the following Editor’s Note and adding a proposal on the needed clock quality parameters to be provided to UE, or to be used by RAN to determine whether the clock quality is acceptable or not.
Editor's note:	Which clock quality metrics (e.g. clock accuracy, traceability to UTC, frequency stability) will be provided to the UE and will be used to determine whether the clock quality is acceptable or not is FFS.
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	Editor’s Notes remain unsolved.
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>>>> Start of Changes <<<<
[bookmark: _Toc117522068][bookmark: _Toc122507466]8.5	Conclusion for KI #1: 5GS network timing synchronization status and reporting
The following bullet points summarize the principles for the way forward:
-	Detecting and reporting RAN and UPF timing synchronization status to TSCTSF.
-	NG-RAN and UPF/NW-TT can detect timing synchronization degradation/failure/improvement locally.
NOTE 1:	The detection is performed based on information provided by time synchronization protocols used in the transport network for both RAN and UPF, or, in the case of NG-RAN, using information provided by a local GNSS receiver. However, in any case, the details on how exactly NG-RAN/UPF detects timing synchronization degradation/failure/improvement locally are beyond the scope of 3GPP.
Two options are defined for the TSCTSF to detect the timing synchronization status information of RAN and UPF/NW-TT:
1)	TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT directly from OAM.
2)	Alternatively, TSCTSF may receive network timing synchronization status information of RAN and UPF/NW-TT using control plane signalling at node level:
-	For UPF/NW-TT case the TSCTSF may use UMIC.
-	For NG-RAN case the TSCTSF may obtain NG-RAN network timing synchronization status information via the AMF (i.e. AMF uses NGAP signalling to configure the NG-RAN reporting).
The network timing synchronization status information from RAN or UPF/NW-TT can contain the following parameters: node's synchronization state, node's synchronization performance, primary source description, and primary source event.
Editor's note:	How to support additional methods (NGAP, control plane signalling, etc.) to obtain timing synchronization status from NG-RAN requires RAN feedback.
-	UE determining that the RAN timing synchronization status changed using:
-	SIB broadcast information to enable UEs in RRC_IDLE and RRC_INACTIVE and in the case of RRC_CONNECTED UEs, dedicated RRC signalling, to enable UEs to determine that:
-	the timing synchronization status of the cell that the UE is camping on has changed;
-	the timing synchronization status of the new cell the UE is camping on after cell reselection is different compared to the timing synchronization status of the cell that the UE was previously camping on.
-	If the UE has determined that the RAN timing synchronization status has changed and the UE has been requested by the TSCTSF to connect to the network in the case the RAN timing synchronization status changes, the UE performs a registration (if the UE is in RRC_IDLE) or the UE Triggered Connection Resume in RRC Inactive procedure (if the UE is in RRC_INACTIVE).
-	Information to be broadcasted via SIB to the UEs in RRC_IDLE or RRC_INACTIVE consists of a Report ID which contains Cell Group ID and Event ID, according to Alternative 1.1(c) in clause A.1.1. This information included in the SIB is optional. Based on this information, the UE can determine its status using codebooks, or in case of error the UE may require  transitioning to RRC_CONNECTED in order to explicitly receive a status report via unicast RRC message.
NOTE 2:	UEs in RRC_CONNECTED can be provided with more accurate service, given that propagation delay compensation methods can only be applied in RRC_CONNECTED state. The use of SIB messages for UEs in RRC_IDLE and RRC_CONNECTED is susceptible to malicious insertions that can change the behavior of the UE, either by multiple UEs transitioning simultaneously and unnecessarily into RRC_CONNECTED or by receiving wrong status information. Therefore, it is up to the network operator to keep UEs which require time synchronization status reports always in RRC_CONNECTED or to limit the case to local/private threat-free scenarios.
Editor's note:	The details of which existing/new SIB information the UE uses to determine that the RAN timing synchronization status has changed is FFS and will be coordinated with RAN WGs.
-	Providing RAN timing synchronization status information to the UE in RRC_Connected state:
Editor's note:	Providing RAN timing synchronization status information to the UE in RRC_Idle and RRC_Inactive state is FFS.
-	If a UE is subscribed for Access Stratum Time Synchronization (ASTI) in the UDM (see clause 8.6), then the "Access and Mobility Subscription data" may additionally contain the following clock quality reporting control information:
-	Clock quality detail level: 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;
-	Clock quality acceptance criteria for the UE (if the clock quality level equals "acceptable/not acceptable indication": the clock quality acceptance criteria for the UE (e.g. acceptable clock accuracy, acceptable frequency stability, etc.).
NOTE 23:	Whether and which clock quality information to provide to the UE depends on the needs of the time service consumer (referred to as client network operator hereafter). Therefore, the clock quality detail level and clock quality acceptance criteria are based on the parameters and their values specified in the agreement between the 5G network operator and the client network operator. The clock quality acceptance criteria refer to the quality with which 5G access stratum time needs to be delivered to and received by the UE (i.e. also considering propagation delays). Additional inaccuracies in the UE, e.g. if the 5G access stratum time is delivered to devices attached to the UE, are not included in the clock quality acceptance criteria because they are assumed to be budgeted by the client network operator when agreeing the required clock accuracy with the 5G network operator.
-	If an AF requests Access Stratum Time Synchronization (ASTI) for a UE, then the AF may provide clock quality reporting control information to TSCTSF. TSCTSF provides the clock quality reporting control information to AMF.
-	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.
-	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 information such as clock accuracy, traceability to UTC, frequency stability, etc.
-	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.
	- The UE will be provided with the following clock quality metrics: synchronization state ("Locked”, “Holdover”, “Freerun”) [optional], source type (e.g, “PTP”, “GNSS”, “other”) [optional], clock quality descriptor (e.g., “clockClass”, “ClockAccuracy”, “gnss-rx-time-error”) [mandatory], or these parameters will be used by RAN to determine whether the clock quality is acceptable. For the latter case, NG-RAN transfers this status (acceptable/not acceptable) to the UE. 
Editor's note:	Which clock quality metrics (e.g. clock accuracy, traceability to UTC, frequency stability) will be provided to the UE and will be used to determine whether the clock quality is acceptable or not is FFS.
-	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 34:	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.
-	Determining UEs impacted by RAN timing synchronization status degradation/improvement:
-	TSCTSF subscribes to receive notifications for UE presence in Area of Interest information (Area of Interest is set to a list of RAN node IDs that have the same RAN timing synchronization status) from AMF for UEs that AF requested time synchronization for or which are configured for (g)PTP-based time synchronization based on subscription.
-	When activating time synchronization for a UE, TSCTSF requests the UE to connect to the network via AMF (i.e. to perform a registration if the UE is in RRC_IDLE or the UE Triggered Connection Resume in RRC Inactive (if the UE is in RRC_INACTIVE) in the case when the UE later detects that the RAN timing synchronization status has changed while the UE is in RRC_IDLE or RRC_INACTIVE.
-	TSCTSF correlates information about impacted RAN nodes and the UE location information received from AMF to determine the UEs impacted by RAN timing status degradation/failure/improvement.
Editor's note:	Whether alternatively NG-RAN can be responsible for determining the impacted UE(s) and sending the NG-RAN timing synchronization status reports to the AMF via NG-AP signalling, together with the impacted UE(s) is FFS.
-	Determining UEs impacted by UPF timing synchronization status degradation or improvement (only for the case when UPF/NW-TT is involved in providing time information to DS-TT):
-	TSCTSF determines the UEs for which an impacted UPF/NW-TT is configured to send (g)PTP messages.
-	Informing AFs about network timing synchronization status degradation or improvement:
-	If TSCTSF has determined UEs impacted by RAN or UPF timing synchronization status degradation or improvement or failure then TSCTSF informs the AF about the timing synchronization status for those UEs if the AF was the requester of the time synchronization service.
-	The AF may subscribe to time synchronization service status for a UE (or group of UEs) for which the AF requests or has requested time synchronization service (for ASTI or (g)PTP services).
-	For the subscribed AFs the TSCTSF provides time synchronization service status.
-	The TSCTSF may perform the following:
-	For AFs that requested ASTI service, the TSCTSF may indicate whether it can support the ASTI service or not as per the requested criteria.
-	For AFs that requested PTP service, the TSCTSF may indicate whether it can support the PTP service or not as per the requested criteria.
-	For AFs that subscribe for ASTI/PTP service status update (i.e. change in support status), the TSCTSF may provide notification towards the AF when there is a change in support status.
-	Deactivating/reactivating/updating time synchronization services based on RAN/UPF timing synchronization status changes:
-	PTP case: For UEs that are part of a PTP instance and which are impacted by RAN or UPF time synchronization status degradation or improvement:
-	If TSCTSF determines that the Time synchronization error budget 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 TS 23.501 [2].
-	If TSCTSF determines that the Time synchronization error budget provided by AF cannot be met (see above) then TSCTSF informs the AF about the intention to temporarily remove the UE/DS-TT from the PTP instance and performs the action using existing procedures in clause K.2.2.1 and clause K.2.2.4 of TS 23.501 [2]) after receiving the confirmation. If the AF declines the intention, the TSCTSF keeps the service active.
-	If TSCTSF determines that the Time synchronization error budget provided by AF can be met again then TSCTSF adds the DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.
-	ASTI case: TSCTSF updates the access stratum time distribution indication to "enable" or "disable" and forwards the attribute to the serving NG-RAN nodes for the impacted UEs via AMF depending on whether the Time synchronization error budget can or cannot be met (following Rel-17 operations as described in clause 4.15.9.4 of TS 23.502 [3]). However, before updating the access stratum time distribution indication from “enable” to “disable”, the TSCTSF needs to inform the AF (if the ASTI service was activated based on the AF request) about the intention and receive the confirmation; otherwise, the TSCTSF keeps the indication unchanged.

>>>> Next Change <<<<
[bookmark: _Toc117522072][bookmark: _Toc122507470]A.1.1	Alternative 1: gNB provides a reference report ID within SIB
In this alternative when there is a new RAN timing synchronization status report available at the gNB, the gNB includes in the SIB a status report ID as a notification for the UEs reading the SIB. The report ID can be an optional integer information element. This report ID enables the UE to know there is new information available at the NG-RAN that is not available locally at the UE. There are two three options for the UE to determine RAN timing synchronization status information with the report ID:
a)	The UE can actively retrieve the RAN timing synchronization status information from the network by entering RRC_Connected. In order to determine if a report ID is associated to a new report, the UE uses status report ID and the SIB information to identify the serving gNB in the cell. For report ID composition, the report ID is constructed from a pre-agreed (known values at the UE and network side) set of values. The report ID is constructed from a cell group ID and event ID elements:
-	Cell group ID is an integer allocated by the gNB that identifies a group of cells controlled by the same gNB.
-	Event ID is an integer value.
b)	Report ID is an index that maps to a pre-defined and/or standardized time synchronization characteristics thus the UE can automatically determine this without having to move to RRC_CONNECTED state. The report ID is composed by one integer which values are standardized or operator defined that are known at the UE and the NG-RAN node.
	To limit the possible permutations of report IDs, in addition to the report ID mapping to time synchronization characteristics, the UEs or AFs may receive additional time synchronization characteristics via SLA or dedicated signalling. The decision depends on the time synchronization characteristics that should be considered. For example, the following parameters can be considered: Lock state, Parent Time Source, Clock class, Clock stability, Clock identifier, Physical layer frequency availability, Holdover specification
c)	Report ID is an index that maps to a set of time synchronization characteristics which is part of a list or codebook. This set of time synchronization characteristics indicates the current status of the service which the UE can use to determine this without having to move to RRC_CONNECTED state. The codebook is generated by the TSCTSF. The codebook may be sent to the registered UE with a reference ID for the codebook from a gNB in the network, e.g. using the RRC protocol (unicast messages). Codebooks are provided to RAN via OAM. 
Codebooks can be generated dynamically based on time synchronization subscription data for UE, AF request, network capabilities and performance. It is assumed that the TSCTSF received this information before generating codebooks. How a codebook is generated is up to implementation. The codebooks are sent to UEs that have subscription to the time synchronization service during registration. When status should be provided in terms of Acceptable/Not acceptable, then the respective codebook will contain the indexes and their corresponding value for: acceptable or not acceptable.

An overall procedure for SIB including a reference report ID is illustrated in Figure A.1.1-1.

UE/DS-TT
UE has already access stratum time distribution configured
1. SIB9 or RRC (with codebook for Alt c).)
2. Primary source event
For alternative a)
4. SIB                    (RTI, status report ID)
3. gNB generates RAN timing synchronization status report and report ID
6. UE reads status report ID
7. UE enters RRC_CONNECTED state 
9. DLInformationTransfer        (RTI, RAN timing sycnrhonization status report, report ID)
NG-RAN
AMF
TSCTSF
The RAN releases the UE 
5. SIB                    (RTI, status report ID)
8. gNB realizes the UE is subscribed to RAN timing synchronization status
10. For alternative b) the UE uses the report ID as an index to determine the RAN timing sycnrhonization status report
11. For alternative c) the UE uses the Report ID as an index to determine the RAN timing sycnrhonization status report from a codebook at the UE

Figure A.1.1-1: Procedure for gNB provisioning status report ID in SIB
1.	The UE has received reference time information using unicast RRC or SIB9. For alternative c), the unicast RRC message may contain a codebook and a reference ID for the codebook. The RAN releases the UE to RRC Inactive or RRC Idle state.
2.	The NG-RAN node detects a primary source event (e.g. degradation, failure, recovery).
3.	The NG-RAN generates a RAN timing synchronization status report and an associated status report ID.
4-5.	The NG-RAN node broadcasts a status report ID in the cell using SIB to notify the primary source event to the UEs camping in the cell.
6.	The UE reads SIB and the status report ID and:
-	Alternative a), if the UE does not have stored locally the RAN timing synchronization status report corresponding to the status report ID, the UE retrieves a new RAN timing synchronization status report corresponding to the status report ID the NG-RAN Otherwise, the UE uses the locally stored RAN timing synchronization status report and steps 7-9 are skipped; or
-	Alternative b), the UE uses the status report ID as an index to map to the pre-defined and/or standardized characteristics. Steps 7-9 are skipped.
-	Alternative c), the UE uses the status report ID as an index to map to the codebook. Steps 7-9 are skipped.
7.	In the case of alternative a), or if index was not found for alternative b) in step 10 and for alternative c) in step 11, the UE enters RRC_CONNECTED.
8.	In the case of alternative a), or if index was not found for alternative b) in step 10 or for alternative c) in step 11, after UE moves to RRC_CONNECTED mode, the NG-RAN determines the UE is subscribed to RAN timing synchronization status (e.g. based on configuration provided by the TSCTSF via AMF).
9.	In the case of alternative a), or if index was not found for alternative b) in step 10 or for alternative c) in step 11, the NG-RAN node sends the last available RAN timing synchronization status report with its associated status report ID to the UE via dedicated RRC signalling. The UE may store the RAN timing synchronization status report with the corresponding status report ID locally for a configured time or until deregistration, and thus avoid the need to reconnect with the network.
10.	In the case of alternative b) the UE uses the report ID as an index to map to the pre-defined and/or standardized characteristics that describe the RAN timing synchronization status. If the index is not found in pre-defined/standardized list of characteristics, then the UE performs steps 7-9. 
11. In the case of alternative c) the UE uses the event ID as index to map to a set of time synchronization characteristics in a codebook previously provided by RAN to UE during registration process. If the index is not found in the codebook, then the UE wil perform steps 7-9.

>>>> End of Changes <<<<
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