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Abstract of the contribution: This paper discusses the open issues on the Time Synchronization status reporting and provides proposals.
1. Discussion

For the Time Synchronization status reporting topic, there are some open issues need to be resolved. Some of issues can be discussed and analysed based on the RAN2 (R2--2302106) and RAN3 (R3-230811) LS response. 
This paper discusses three open issues and provides proposals.
Open Issue 1: The reference report ID broadcasted in SIB
In SA2 LS, 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.”
	RAN2 answer: 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.


	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).


Observation 1: RAN3 does not see a need to support “group of cells across gNBs” in Release 18. 
Observation 2: In case the cells of a gNB have the same clock quality information, this issue can be supported with the “Event ID”. In case groups of cells within a single gNB have different clock quality information, this issue can’t be supported with the “Event ID” (i.e. additional indication information is needed).
As specified in TS 23.501:
“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.”

But the definitions of the reference report ID and scope of report ID are still under discussion. In order to differentiate the different clock quality information used by the groups of cell within a single gNB, the Cell ID can replace the “scope of report ID”. So the possible definition could be: 
Reference report ID = Cell ID(s) + Event ID
The Cell ID is broadcasted in SIB1 (Cell ID has been broadcasted in SIB1 based on current specification), and the Event ID is broadcasted in SIB9.
Proposal 1: The reference report ID consists of the Cell ID(s) (broadcasted in SIB1) and an Event ID (broadcasted in SIB9).
Open Issue 2: The reference report ID broadcasted in SIB
As specified in TS 23.501:
“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”, and
“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.”

According to above statements, both pre-configured threshold at RAN node and received acceptance criteria are used to determine whether the timing synchronization status changes and they include same attributes (e.g. synchronization state, clock accuracy). The issue is how to determine the timing synchronization status change (e.g. based on which threshold), if both of them are available and their thresholds are different. 
If RAN node has pre-configured with the thresholds and receives the acceptance criteria from AMF, there are two options on determining the timing synchronization status change:

Opt 1: RAN node determines the thresholds based on acceptance criteria, and it determines whether time synchronization status change per these thresholds.
Opt 2: RAN node selects a more stringent threshold between pre-configured thresholds and acceptance criteria received from AMF for each attribute.
This paper does not have strong view. Since the time synchronization status reporting is requested or subscription for UE(s), the Opt 2 may be more reasonable.
Proposal 2: RAN nodes may be pre-configured with the thresholds and/or determine the thresholds based on acceptance criteria received from AMF. If RAN node receives the acceptance criteria from AMF, the RAN node uses the thresholds based on acceptance criteria, even if it is pre-configured with thresholds.
Open Issue 3: The information report by NG-RAN
In SA2 LS, 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.”
	RAN3 answer:

-
The attributes “time source”, “synchronization state”, and “clock accuracy” are available at the gNB.

-
The attribute “clock frequency stability” is available at the gNB, under the assumption that it is offsetScaledLogVariance as defined in TS 23.501 or similar definition.

-
The attribute “traceability to UTC or GNSS” is available at the gNB, under the assumption that the value is true or false.

-
The attribute “PTP clockClass” is available at the gNB, under the assumption that the gNB receives time using PTP.

-
RAN3 assumes that a gNB may report all, some, or none of the attributes based on the gNB implementation, i.e. gNB makes the final decision on whether it performs time status reporting. Encoding details for these attributes require further RAN3 discussion and will be determined during the work item phase. RAN3 assumes that SA2 will align to RAN3 when it comes to the attributes and encoding.


Since RAN3 has confirmed these attributes are all available, the following Editor’s Notes can be remove.

Editor's note:
Information elements contained in NG-RAN depends on RAN capabilities to determine them and pending RAN WGs feedback.

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
Proposal 3: The Editor’s Notes for the information report by NG-RAN can be removed.
2. Proposal
Based on above analysis, we propose:
Proposal 1: The reference report ID consists of the Cell ID(s) (broadcasted in SIB1) and an Event ID (broadcasted in SIB9).
Proposal 2: RAN nodes may be pre-configured with the thresholds and/or determine the thresholds based on acceptance criteria received from AMF. If RAN node receives the acceptance criteria from AMF, the RAN node uses the thresholds based on acceptance criteria, even if it is pre-configured with thresholds.
Proposal 3: The Editor’s Notes for the information report by NG-RAN can be removed.
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