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1. Introduction

In the RAN#99 plenary meeting, a new RAN WID NR_TRS_URLLC [1] was approved with the following objectives:

	The detailed objectives of the Work Item are as follows:

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]

2.
Interworking with TSN network deployed in the transport network [RAN3]:

a.
RAN impacts due to 5G System integration with TSN Transport network
Note 2: This objective has dependency on the progress of SA2 and CT4.
3.
Adapting downstream and upstream scheduling based on RAN feedback for low latency communication [RAN3, RAN2]:

a.
RAN enhancements in order for application to adapt scheduling based on RAN feedback (e.g., feedback regarding burst arrival time, periodicity) for low latency communication.

Note 3:
Reactive RAN feedback for upstream scheduling is pending RAN2 conclusion on burst arrival time (BAT) offset derivation.


In this contribution, we will focus on the RAN2 impacts of 5GS network timing synchronization status and reporting.
2. Discussion
2.1 5G Clock quality information delivery for UEs in RRC_CONNECTED state 
In Rel-16/Rel-17 IIoT, the RAN node can deliver the latest 5GS time info to connected UEs via dedicated RRC message, i.e. the DLInformationTransfer message, or via SIB9. For 5G Clock quality information SA2 agreed for UEs in RRC IDLE or INACTIVE state to get it after reconnecting to network which means the SIB9 for 5G Clock quality information delivery will not be used. For RRC_CONNECTED state UE, it is straightforward not to use the SIB9 as well and to assume that DLInformationTransfer message is used as the only way to deliver 5G Clock quality information.  The details of the 5G Clock quality information will be decided by RAN3, and RAN2 can wait for RAN3’s progress to design the detailed fields and values of the 5G Clock quality information IE.

Proposal 1: The DLInformationTransfer message is used to deliver 5G Clock quality information to connected UEs.
2.2 5G Clock quality information change notification for UEs in RRC_IDLE/INACTIVE state
This section discuss on how the IDLE/INACITVE UEs determines the 5G Clock quality information has changed, based on the information broadcasted in the SIB message. In the agreed SA2 CR [2], it has already captured the following description:

	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 the SA2 CR, it’s already mentioned that SIB9 is used to indicate the status change of 5G Clock quality information. From RAN2’s perspective, RAN2 can assume SIB9 broadcast the status change to UEs in IDLE/INACTIVE state.
Besides, the CR said that “the reference report ID consists of the scope of the report ID and an Event ID. And the scope should support providing clock quality for all the cells within the same RAN node” and the details on the scope of the report ID depends on RAN2 feedback. In the previous replied RAN3 LS [3], RAN3 responded with the SA question where they does not see a need to support “group of cells across gNBs” in Release 18. The corresponding text is excerpted as follows:

	For the question: “SA2 would like to kindly request RAN2 and RAN3 to provide feedback whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.”

RAN3 answer:

-
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).


Besides, RAN3 thinks the clock quality information can only be the same for some or all cells of a gNB and for different gNB-DUs within the same CU, the clock quality information may be different between “groups of cells” of DUs. Currently, the UE can use the gNB ID provided by SIB to identify whether cells belong to the same gNB(-CU) or not and we think the gNB ID can be used to represent the scope of the report ID. Note UE has no idea on gNB-DU ID at all. From RAN2 perspective, it is better not to have it (gNB-DU ID) for 5GS clock quality information and we think for the case of across DUs, one possible solution for letting UE know that it should re-connect to network for getting the latest 5G Clock time information for the new DU after cell reselection is that gNB can assign separate event IDs for different DUs. How to guarantee separate “Event IDs” are used by DUs can be left to RAN3 discussion. Then only the Event ID is expected to be broadcasted in SIB9 for across DUs.
Proposal 2: From RAN2 perspective, the gNB ID can be used as the scope of the reference report ID for across DU case.

Proposal 3: SIB9 can be used to broadcast the Event ID indicating the status change information for across DU case. Send LS to RAN3 asking whether it is feasible to assign separate event IDs for different gNB-DUs of the same CU.
Basically the UE cares much about the 5G Clock quality information only if it has interest on 5G "time-r16" provided and the FD of field "time" says the 5GS time reference is excluded when determining changes in system information, e.g. no paging for the change of this field. UE will automatically monitor the SIB9 for sync-up the time with network. Thus, the UE will straightforwardly know whether or not the 5G Clock quality information has changed with the same cell when decoding the SIB9 for time. Hence we think the Event ID in SIB9 should also be excluded together with time when determining whether there are changes in system information.

Proposal 4: The change of Event ID field in SIB9 should be excluded when UE determines the changing of system information within a same cell.

On how an IDLE/INACTIVE UE determines that the 5G Clock quality information has changed, the following cases are considered. If it reselects to a new cell with a different gNB ID, the UE shall always assume the 5G clock status has changed regardless of the event ID. If it reselects to a new cell with the same gNB ID, the UE then checks the event ID whether it is same with the old cell. In this case the UE determines the 5G clock status is changed only if the event ID is different. In case the UE camps on the same cell while the broadcasted event ID has changed, the UE views the 5G clock status is changed.
Proposal 5: The UE determines the 5G Clock quality information has changed in following case: 
· Reselects to a new cell with a different gNB ID or with the same gNB ID but a different event ID.
· Camps on the same cell while the broadcasted event ID has changed.
In the SA2 CR [2], it also says “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.” Since the message from AMF is NAS message, we think it is the UE’s NAS layer to determine whether the UE shall reconnect to the network. Thus when an IDLE/INACTIVE UE detects the change of 5G Clock quality information, the UE shall indicate the status change to upper layer to determine whether to reconnect to the network.
Proposal 6: When an IDLE/INACTIVE UE detects the change of 5G Clock quality information, the AS layer shall indicate the status change to upper layer for determining whether to reconnect to the network for getting the latest 5G Clock quality information.
3. Conclusion

In this contribution, we discussed the RAN2 impacts of 5G Clock information or clock quality change information to the UEs, and made the following proposals:

Proposal 1: The DLInformationTransfer message is used to deliver 5G Clock quality information to connected UEs.

Proposal 2: From RAN2 perspective, the gNB ID can be used as the scope of the reference report ID for across DU case.

Proposal 3: SIB9 can be used to broadcast the Event ID indicating the status change information for across DU case. Send LS to RAN3 asking whether it is feasible to assign separate event IDs for different gNB-DUs of the same CU.

Proposal 4: The Event ID field in SIB9 should be excluded when determining changes in system information.
Proposal 5: The UE determines the 5G Clock quality information has changed in following case: 
· Reselects to a new cell with a different gNB ID or with the same gNB ID but a different event ID.
· Camps on the same cell while the broadcasted event ID has changed.
Proposal 6: When an IDLE/INACTIVE UE detects the change of 5G Clock quality information, the AS layer shall indicate the status change to upper layer for determining whether to reconnect to the network for getting the latest 5G Clock quality information.
4. Reference
[1]. RP-230754, New WID on NR Timing Resiliency and URLLC enhancements, 3GPP TSG RAN Meeting #99.

[2]. S2-2303895, Support for network timing synchronization status and reporting KI1 – description, 3GPP TSG-SA2 Meeting #155.

[3]. R3-230811, Reply LS on proposed method for time synchronization status reporting to UE(s), 3GPP TSG-RAN WG3 Meeting #119.
