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Background
The new WID of NR Timing Resiliency and URLLC enhancements was approved in RAN#99 [1]. In which, the following objective is included:
	[bookmark: OLE_LINK7]...
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 RAN2#122 meeting, based on the contributions, the following agreements have been achieved:
	· 1. Update of event ID is informed to UE by normal SI modification procedure.
· 2. Confirm the AS layer of the UE determines if there a change of event ID and/or gNB ID. If there is a change, the AS layer notifies the change in the RAN timing synchronization status to NAS layer. For both IDLE and INACTIVE mode, NAS layer may requests the RRC layer to move to RRC_CONNECTED
· 3. For RRC_CONNECTED mode UEs, the NW has the necessary information to determine whether to send detailed clock quality information to the UE, (i.e. it may choose to always send update or only when needed) and the details can be left to NW implementation
· 4. Event ID is optional. Under the same gNB, UE considers the change of timing synchronization if event ID field from SIB9 is different. FFS if gNB always broadcasts event ID
· 5. If the UE is in RRC_INACTIVE, the UE can acquire clock quality information using the SDT procedure, if it supports and/is configured with SDT procedure. 

· No new UE report is needed for objective 3 on BAT offset derivation. The XR mechanism can be used if the network configures it, otherwise we can use legacy BSR. We can close the objective in RAN2.


[bookmark: OLE_LINK15]Based on the discussion in RAN2#121bis meeting, following agreements have been achieved:
	· 1. Confirm in RAN2 that no AS capability is needed for the UE to support clock quality information mechanisms.
· 2. Confirm the gNB is always broadcasting Event ID in SIB9 if it supports the feature.  Send LS to SA2 to information.   
· 3. DLInformationTransfer message is extended to include clock quality information reporting towards the UE (i.e., clock quality metrics or clock quality indication).  FFS if event ID is included to be discussed in email discussion for 331
· R2-2309264 LS on Event ID broadcast in SIB9 is approved
· [bookmark: _GoBack]As a baseline no change to SDT will be support


In this contribution, we will discuss the remaining issues of the 5G clock quality information acquisition and give our proposals.

Discussion
RAN clock quality information change notification for UE in idle and inactive state
In the last RAN2 meeting, RAN2 has agreed that DLInformationTransfer message is extended to include clock quality information reporting towards the UE (i.e., clock quality metrics or clock quality indication). RAN2 also discusses whether event ID needs to be included in DLInformationTransfer message. Some complies think a UE can always read the SIB9 and store the latest event ID, no matter the UE is in RRC_CONNECTED state or INACTIVE/IDLE state. However, in our understanding, RRC CONNECTED UE would not need to always read SIB9 since it is receiving dedicated timing information. 
Per our analysis, without eventID in dedicated signaling, the UE can only have the old event ID that the UE acquired before entering the connected mode. Even the UE may be updated the clock quality information for several times during connected mode, the UE would not update the stored event ID. Then after the UE back to idle state again and acquire the SIB9, even the UE may already have the latest clock quality information, the UE still think the event ID is changed and then trigger a connection establishment. This connection establishment is obvious useless and undesired. 
Observation 1: When the event ID changes during RRC_CONNECTED state and the DLInformationTransfer message does not contain the event ID, the UE may be need enter the CONNECTED state again after turning into the IDLE/INACTIVE states.
Therefore, to avoid the above situation, it is necessary to include the event ID in DLInformationTransfer message. Therefore, to align with the clock quality information, the event ID should be included in the DLInformationTransfer message, and be stored in the UE. If the clock quality information changes when UE in RRC_CONNECTED, the DLInformationTransfer message can be used to update the clock quality information associated with a new event ID. 
Proposal 1: It is suggested to extend DLInformationTransfer message to include the event ID.

Furthermore, RAN2 also discusses whether a new cause value needs to be introduced. Such new value can be introduced in EstablishmentCause and ResumeCause to indicate that the purpose of the RRC resume request or RRC setup request is for clock acquisition, which is helpful for gNB to decide whether to use SDT procedure or to enter RRC_CONNECTED state, and is also helpful for eNB to release RRC more quickly. In the case that many idle UEs in a cell initiate the connection establishment just due to the change of event ID, it’s important and beneficial to facilitate the NW release the UEs timely and correctly, e.g., after providing the quality information to the UEs. Without such scheme, the UEs may stay in the connected mode for some time but do nothing, which is not beneficial for UE power saving and NW resources efficiency.
Proposal 2: New cause value can be introduced in EstablishmentCause and ResumeCause to help gNB to release the UEs quickly, avoiding the waste of resources.

In last RAN2 meeting, RAN2 has agreed that SDT procedure can be used by the UE to obtain the 5G clock quality information without entering RRC_CONNECTED state. If Proposal 2 can be agreed, we assume the capable UE can trigger MO-SDT procedure. And when the gNB receives the above EstablishmentCause or ResumeCause information, it can provide the detailed clock quality information through RRCResume or RRCReestablishment messages in the MO-SDT procedure.
Proposal 3: The detailed clock quality information can be provided via RRCResume or RRCReestablishment in the MO-SDT procedure.

5G Clock quality information delivery to UE in RRC_CONNECTED state
For UE in RRC_CONNECTED, the detailed 5G Clock quality information can be directly delivered to UE via dedicated signaling. According to the TR from SA2 [2], the following information related to detailed clock quality information are mentioned:
	TR 23.700-25 
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-	Providing RAN's latest clock quality information to the UE in RRC_Connected state:
-	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. Acceptance criteria can be defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, PTP clockClass, frequency stability. (e.g. acceptable clock accuracy, acceptable frequency stability, etc.).
NOTE 4:	Attributes that can be used for clock quality acceptance criteria depends on RAN capabilities to provide them and pending RAN WGs feedback. Whether PTP clockClass can be used will be determined during the normative phase.
NOTE 5:	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 and service acceptance criteria (defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clockClass, frequency stability, see NOTE 4) 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 the following information: clock accuracy, PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.
-	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.
-	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 6:	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.


Per our understanding on SA2 TR, clock quality detail level can be set to detailed information, e.g., clock quality metrics, or a coarse level, e.g., acceptable/not acceptable indication. Specifically, the clock quality metrics can refer to the following information: clock accuracy, PTP clockClass, and traceability to UTC, frequency stability, time source, and synchronization state. 
Proposal 4: The clock quality detail level can be provided in the dedicated signaling, e.g., along with RTI provision.
If clock quality detail level is set to "clock quality metrics", it can be observed that the clock accuracy already can be provided, e.g. by the “uncertainty” IE in RTI (e.g. ReferenceTimeInfo). 
Observation 2: If clock quality detail level is set to "clock quality metrics", the clock accuracy can be expressed via “uncertainty” IE in RTI.
Then only the the following information need to be additionally included in RTI: PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state. And the exact value range of these parameters can wait for the further agreements in SA2 and RAN3.
Proposal 5: If clock quality detail level is set to "clock quality metrics", the following information need to be additionally provided in RTI: PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.

Since an event ID corresponds to a source clock and/or a time synchronization state, when the event ID changes, the time source and/or a time synchronization state may also change. Furthermore, it’s possible that the time of the new time source and the old time source is not aligned. Thus, for TSN service with high requirement on accurate timing synchronization, the time of NW-TT and UE-TT may be no longer aligned when the time source changes, which may cause the TSN service collapsed. 
To deal with this issue of time misalignment between the new time source and the old time source, it’s suggested that, when providing detailed clock quality information to a UE in connected mode, a reference time also needs to be provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes.
Proposal 6: It’s suggested that, when providing detailed clock quality information to a UE in connected mode, a reference time also needs to be provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes. 

[bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we make the following observations and proposals:
Proposal 1: It is suggested to extend DLInformationTransfer message to include the event ID.
Proposal 2: New cause value can be introduced in EstablishmentCause and ResumeCause to help gNB to release the UEs quickly, avoiding the waste of resources.
Proposal 3: The detailed clock quality information can be provided via RRCResume or RRCReestablishment in the MO-SDT procedure.
Proposal 4: The clock quality detail level can be provided in the dedicated signaling, e.g., along with RTI provision.
Proposal 5: If clock quality detail level is set to "clock quality metrics", the following information need to be additionally provided in RTI: PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.
Proposal 6: It’s suggested that, when providing detailed clock quality information to a UE in connected mode, a reference time also needs to be provided in the RTI to indicate the occasion when the time source and/or a time synchronization state changes. 
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