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Introduction

An LS (R3-230037) [1] from SA2 was received before this meeting, with some questions to RAN3 on the clock quality information, etc. This paper provides our understanding and answers on the questions from SA2. Besides, based on the latest progress of this SI (FS_5TRS_URLLC) in SA2#-154AHE held at January 2023, we provided our view on the potential work that may be related to RAN WGs in the last part of this paper.
Discussion
 Questions in the LS

The first question related to RAN3 is captured below:

	With respect to informing UEs in RRC_Inactive/Idle about a change of the RAN clock quality, SA2 has concluded the following:

-
The gNB includes in SIB9 a reference report ID as a notification for the UEs reading the SIB9 that there is new clock quality information available. The UE compares the 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 may either identify a group of cells within a single gNB or a group of cells across gNBs. The latter would reduce the amount of signalling even further since then UEs that move to another gNB would not need to retrieve the clock quality details.
SA2 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.


As described in TS23700-25 v18.0.0[2], the reference report ID is used for UE to retrieve the RAN timing synchronization report when there is a new RAN timing synchronization status report available at the gNB, with the group of cells sharing the same clock quality information. In our view, the groups of cells should be within the same gNB, or in other words, groups of cells across gNBs is not preferred.

We understands that the group of cells across gNBs allows a larger scope for the timing synchronization status report. And when there is no need for RF propagation delay compensation(PDC), it might be helpful to save RRC signaling when UE connects to the cell of a new gNB within the cell group —— the UE does not need to retrieve the clock quality information once again if it is still in the cell of the cell group, even if it has handed over to another gNB. But when the synchronicity budget is less then 900ns, i.e., PDC is needed, this benefit of saving siganling does not hold anymore, the details of which should be discussed in RAN2. 

Observation 1: The benefit of using group of cells across gNBs is not obvious, the details of which is within RAN2 scope. 

From RAN3 perspective, to make sure the cells among different gNBs sharing the same clock quality information is not feasible in the first place. 

As is known, the timing synchronization status information is the clock related information within the NG-RAN node, or in other words, it is per gNB level, which means the clock quality information in the cells of one gNB should be the same. While for the cells of different gNBs, the clock quality information may not be the same and would come with problems if groups of cells across gNBs is used. Firstly, as mentioned, the clock quality of different cells might not be the same, that is to say, if the group cell across gNBs is to be supported, the gNBs need to exchange the synchronization status information to achieve the same clock quality —— this would bring RAN3 impact. Secondly, even the different gNBs managed to share the same quality information, once any of them changes the clock quality and the clock quality within the cell group turns out to be different, the cell group cannot be denoted by a reference report ID any more. It would bring extra work to handle this kind of situation, for example, to update the cell group based on the latest clock quality information across gNBs. 

Observation 2: To make sure the cells among different gNBs sharing the same clock quality information is not feasible in the first place. 
The main reasons for not using cells across gNBs can be summarized as:

- the clock quality information is per gNB level.
- it is hard to make sure different gNBs sharing the same clock quality information, which may bring XnAP impact.
- when the clock quality of cells across gNBs are not same anymore, the reference report ID would need to be updated, with extra work to be done. 
With the above discussion, we hold the view that the group of cells per gNB is an easier way for constructing the reference report ID, without much impact on network interfaces.

Proposal 1: Reply in the LS out to SA2 that, for the scope of reference report ID, group of cells across gNBs is not benefical and RAN3 prefers to suppot group of cells per gNB only.
Another question in the LS related to RAN3 is:
	SA2 question: SA2 would like to kindly request RAN3 to provide feedback whether the following attributes are available in RAN: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clock frequency stability, PTP clockClass.


SA2 shows the requirement for RAN to provide the attributes for clock quality acceptance criteria. However, there is no specific requirements for this attributes in current specs. This part presents our understanding and analysis on the mentioned attributes.
Time source:

the source of the time used by 5GS, e.g., GNSS, this is available at RAN node. 
Traceability to UTC or GNSS:

In our understanding, this attribute is to reflect whether the RAN can determine the accuracy of the clock, based on the UTC or GNSS at RAN node. If the RAN node finds the time offset with the UTC or GNSS is too large, it can notify to the UE and 5GC. Based on our understanding, the traceability to UTC or GNSS can be provided by RAN.
Synchronization state:

From our point of view, the synchronization state is related to the lock state and can be provided by the RAN node.
Clock accuracy:

This may indicate the expected time accuracy of clock, and it is available at RAN node. 
Clock frequency stability:
In our understanding, it is the frequency requirement over the air interface, and can be provided within a certain level of ppm. But since the expected precision requirement is not clear, whether the value provided from RAN side would meet the requirement for timing synchronization is still uncertain. 
PTP clockClass:
This is included in the PTP clock and can be provided by the RAN. Regarding whether the PTP class should be introduced as a as clock quality acceptance criteria, there is no strong concern from us, and we think it is up to SA2. 
Generally speaking, the attributes mentioned by SA2 are basically all available at the RAN side, but since the precision requirement of some attributes (e.g., clock frequency stability) is not clear, RAN3 cannot make sure that the provided information would satisfy the need of timing synchronization. Thus, more feedback from SA5 about the precision requirement is expected.
Proposal 2: Reply with SA2 that the attributes mentioned are basically available at RAN side, but the precision requirement of some attributes is not clear, more feedback from SA5 is expected.

According to the discussion above, a draft reply LS is provided in R3-230777[3].
 Related work in RAN WGs
According to the progress of discussion in SA2, there are some potential impact on RAN WGs, mainly from the two following key issues:

KI #1: 5GS network timing synchronization status and reporting

KI #6: Adapting downstream scheduling based on RAN feedback for low latency communication
With respect to KI#1, the main impact is for the NG-RAN to report the timing synchronization stats information to AMF, and for the UE to be aware of the clock quality information.
According to the latest CR attached by SA2(S2-2301461)[4], the impacts on RAN WGs is summarized as below:
- RAN provide the network timing synchronization status information to AMF. [RAN3]
- UE determining that the RAN clock quality information changed, via dedicated RRC signaling for UEs in RRC_CONNECTED state, and SIB broadcast for UEs in RRC_IDLE and RRC_INACTIVE. [RAN2, RAN3]
- Providing RAN’s latest clock quality information to the UE in RRC_Connected state: [RAN3, RAN2]

AMF provides the clock quality reporting control information to NG-RAN 
RAN reports its timing synchronization status to the UE using unicast RRC 

Regarding KI#6, the main RAN impact is for RAN to provide feedback on burst arrival time for the AF to adjust scheduling. According to another LS from SA2 (R3-230035), SA2 has confirmed the requirement for UE to provide UL BAT and details on determination of DL and UL BAT offset is up to RAN2. So the main work on this issue can be summarized as:

- RAN enhancements for applications to adapt downstream and upstream scheduling in order for 5GS to meet really low latency requirement. [RAN3, RAN2]
Proposal 3: The RAN-related work about time synchronization and uRLLC:

KI#1:

- RAN provide the network timing synchronization status information to AMF. [RAN3]
- UE determining that the RAN clock quality information changed, via dedicated RRC signaling for UEs in RRC_CONNECTED state, and SIB broadcast for UEs in RRC_IDLE and RRC_INACTIVE. [RAN2, RAN3]
- Providing RAN’s latest clock quality information to the UE in RRC_Connected state: [RAN3, RAN2]

AMF provides the clock quality reporting control information to NG-RAN 
RAN reports its timing synchronization status to the UE using unicast RRC 

KI#6:
- RAN provides feedback to application, to adapt downstream and upstream scheduling for low latency communication. [RAN3, RAN2]

- BAT offset determination for DL and UL.[RAN2]
Conclusion

Observation 1: The benefit of using group of cells across gNBs is not obvious, the details of which is within RAN2 scope. 

Observation 2: To make sure the cells among different gNBs sharing the same clock quality information is not feasible in the first place. 

Proposal 1: Reply in the LS out to SA2 that, for the scope of reference report ID, group of cells across gNBs is not benefical and RAN3 prefers to suppot group of cells per gNB only.
Proposal 2: Reply with SA2 that the attributes mentioned are basically available at RAN side, but the precision requirement of some attributes is not clear, more feedback from SA5 is expected.
Proposal 3: The RAN-related work about time synchronization and uRLLC:

KI#1:

- RAN provide the network timing synchronization status information to AMF. [RAN3]
- UE determining that the RAN clock quality information changed, via dedicated RRC signaling for UEs in RRC_CONNECTED state, and SIB broadcast for UEs in RRC_IDLE and RRC_INACTIVE. [RAN2, RAN3]
- Providing RAN’s latest clock quality information to the UE in RRC_Connected state: [RAN3, RAN2]

AMF provides the clock quality reporting control information to NG-RAN 
RAN reports its timing synchronization status to the UE using unicast RRC 

KI#6:
- RAN provides feedback to application, to adapt downstream and upstream scheduling for low latency communication. [RAN3, RAN2]

- BAT offset determination for DL and UL.[RAN2]
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