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RAN2#121bis-e meeting[1] has made some progress on 5GS Network Timing Synchronization Status and Reporting as follow,
	Agreements
1. RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID.  The scenario, as per RAN3 will be supported - different cells within gNB that are served by different DUs and different clock quality is possible.  
1. Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
0. RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via an event ID in SIB9 by comparison with the one maintained locally.  
0. RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message
1. Postpone the UAC until CT1’s feedback on UAC framework to randomize UE access to network in the time domain
1. 5G Clock Quality information is carried in DLInformationTransfer message.  
1. FFS if update of event ID is informed to UE by SI modification procedure
1. For Idle/Inactive mode RAN2 assumes that the NAS layer triggers the RRC connection procedure based on inputs from AS.   
1. The AS layer of the UE determines if there a change of event ID and it indicates a change in the RAN timing synchronization status to NAS layers.  FFS to double check for connected mode and inactive



Based on the above agreements, we further investigate the following issues about change of timing synchronization status:
· UE’s inter-layer interaction
· Event ID
· SI modification enhancement
1. Discussion
2.1	UE’s inter-layer interaction
Once deciding to obtain timing synchronization related information, RRC_INACTIVE/IDLE UE needs to re-connect to the network for such information, i.e. 5G Clock Quality information. In regard to the exact layer that decides the change of timing synchronization and that initiates the reconnection procedure, RAN2 has come to the following agreements,
	6. For Idle/Inactive mode RAN2 assumes that the NAS layer triggers the RRC connection procedure based on inputs from AS.
7. The AS layer of the UE determines if there a change of event ID and it indicates a change in the RAN timing synchronization status to NAS layers.  FFS to double check for connected mode and inactive


Furthermore, in reference to TS 24.501[2], UE’s behavior related to RAN timing synchronization status change is captured in the NAS specification as:
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The UE in 3GPP access:
<skip the irrelevant part>
shall initiate a registration procedure for mobility and periodic registration update if the UE supports the reconnection to the network due to RAN timing synchronization status change and receives an indication of a change in the RAN timing synchronization status.
Relevant to UE in RRC_INACTIVE mode
[bookmark: _Toc45286666][bookmark: _Toc51947933][bookmark: _Toc51949025][bookmark: _Toc131395965]5.3.1.4	5GMM-CONNECTED mode with RRC inactive indication
<skip the irrelevant part>
If the UE supporting the reconnection to the network due to RAN timing synchronization status change has been requested to reconnect to the network upon receiving an indication of a change in the RAN timing synchronization status (see subclauses 5.4.4.2, 5.5.1.2.4, and 5.5.1.3.4) and the UE receives an indication of a change in the RAN timing synchronization status, the UE in 5GMM-CONNECTED mode with RRC inactive indication shall request the lower layers to transition to RRC_CONNECTED state.


Based on the above contributions, it can be confirmed that, the layer that decides the change of timing synchronization is the AS layer of UE; and the one that triggers the reconnection to the network is the NAS layer. We further identified one issue for interaction between NAS and AS layers: how is the AS layer of UE known that the indication of timing synchronization status change is needed?
As clarified in TS 24.501, during the registration stage, UE’s 5GMM capability may indicates the support of reconnection to the network due to RAN timing synchronization status change. Subsequently, AMF would request UE to reconnect to the network on condition that UE decides on the change of timing synchronization status.
The above transmissions are achieved via NAS messages, without AS perception. However, as stated beforehand, it is the AS layer that actually determines whether there is a change in timing synchronization status. In this sense, the AS layer needs to be notified by the NAS layer about the necessity of such determination when there is a requirement from a network function. That is, the NAS layer should indicate the AS layer to enable the decision and indication about timing synchronization status change.
Observation 1: The AS layer of the UE needs to be informed by the NAS layer about the necessity of providing the indication of timing synchronization status change.
Proposal 1: The NAS layer of the UE sends indication to the AS layer to enable the function of provision of timing synchronization status change.
2.2	Event ID
Recall RAN2’s agreement on information related to the timing synchronization status in the system information:
	1. RAN2 to confirm that there is no need to support “group of cells across gNBs” for scope of the report ID. The scenario, as per RAN3 will be supported - different cells within gNB that are served by different DUs and different clock quality is possible.
2. Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
1. RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via an event ID in SIB9 by comparison with the one maintained locally.


Broadcast in SIB9, the so-called report ID equals to event ID. The applicable scope for the event ID is multiple cells within one gNB. Based on this working assumption, we identify the following issues about event ID.
2.2.1	Manifestation of timing synchronization status change
TS 23.501[3] gives clues on how the RAN node associates the network timing synchronization status with the report(event) ID, and how the UE decides on the timing synchronization status change.
	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:
-	When the network timing synchronization status exceeds the threshold(i.e. status degradation), 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.
-	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.
Table 5.27.1.12-1: Information elements contained in NG-RAN or UPF timing synchronization status information
	Information Name
	Description
	Category

	Synchronization state
	Indicates the state of the node synchronization, represented by the values "Locked", "Holdover", or "Freerun".
	Optional

	Synchronization performance
	Traceable to UTC
Traceable to GNSS
Frequency stability
	Optional

	Clock quality
	clock accuracy
	Optional

	Parent time source
	Describes the primary source the node is currently using, represented by the values "SyncE", "PTP", "GNSS", "atomic clock", "terrestrial radio", "serial time code", "NTP", "hand set", "other".
	Optional

	Editor's note:	Information elements contained in NG-RAN depends on RAN capabilities to determine them and pending RAN WGs feedback.
NOTE 1:	Clock is in the "Locked", "Holdover", or "Freerun" mode, as defined in ITU‑T G.810 [164].





For each timing synchronization status attribute, there exists a threshold (or a range within which the network can be considered synchronized) to measure whether the RAN node still synchronizes with 5GS. The timing synchronization status change can be interpreted as two situations:
· the network timing synchronization attribute oversteps the threshold (i.e. status degradation);
· the network timing synchronization attribute meets the threshold again (i.e. status improvement).
Observation 2: There is a threshold for each timing synchronization status attribute.
[bookmark: _Hlk134793515]Observation 3: Two situations can be considered as the timing synchronization status change:
· the network timing synchronization attribute oversteps the threshold (i.e. status degradation);
· the network timing synchronization attribute meets the threshold again (i.e. status improvement).
Proposal 2: RAN2 to further discuss timing synchronization change based on the understanding that the field of event ID can be present or not.
2.2.2	Determination of timing sync change
In order to ensure the mechanism of event ID works among different cells within gNB, we analyze the possible scenarios respectively.
· Intra-gNB
The locally stored event ID is previously obtained in the same gNB which the UE obtains the reference event ID via SIB9 from.
Figure 2.2.2-1 illustrates three cases that UE should consider the timing synchronization status is different from the one when it stores the local event ID field. Since the scope of different cells within a gNB is supported by the design event ID, thus there is no need to consider the differentiation on the cells. To be more specific, different cells share a same set of event ID in one gNB coverage.
Case 1 suggests that, the local timing synchronization kept by UE is well, while SIB9 indicates that an event occurs leading to the change of current network timing synchronization status. Case 2 means that, the currently-maintained status lose synchronization owing to an event, while NW shows there the improved timing synchronization information can be provided. Moreover, different events cause timing synchronization degradation should also be considered as the change of timing synchronization status in Case 3.
	Case
	stored locally
	Obtained newly
	timing sync. status

	1
	none
	event ID
	change

	2
	event ID
	none
	change

	3
	event ID 1
	event ID 2
	change


Figure 2.2.2-1 scenarios to judge timing sync. status change intra-gNB
Proposal 3: Under the same gNB, UE considers the change of timing synchronization status by comparison of stored and obtained event ID field from SIB9 in the following ways:
· empty vs. present 
· present vs. empty
· different values
· Inter-gNB
Since different gNBs cannot share a same set of event ID, that is, the network timing synchronization attributes vary from gNB to gNB. UE should determine that there is a change on timing synchronization status as long as the change of gNB. UE can decide the gNB change with knowledge of the gNB-ID-length in combination with CellIdentity in SIB1.
Proposal 4: UE considers the change of timing synchronization status as long as the change of gNB.
In regard to backward compatibility, there is a paradox that how UE distinguishes the empty field of event ID. For a legacy gNB, the feature of networking timing synchronization status may not be supported, the field is empty as well. This could be misleading to UE about the determination on timing synchronization status. In a scenario that UE moves from the enhanced gNB to the legacy one, and the event ID field UE saved in enhanced gNB is with value, while SIB9 of the legacy UE would not include event ID. If UE cannot discriminate the enhanced gNB from the legacy one, it may consider timing synchronization status ameliorating, and thus may initiate unnecessary procedure to access the network. Overall, we believe this should be a significant issue for UE’s behavior after reception of event ID.
Observation 4: The empty field of event ID can exist in (1) legacy gNB does not support the timing synchronization status feature; (2) supportive gNB indicates the timing synchronization status improves.
Proposal 5: Indication on whether gNB supports to broadcast event ID (i.e., indication on gNB to support the feature of timing synchronization status) should be introduced if it can be the situation in the timing synchronization supported cell that the field of event ID is absent.
2.3	SI modification enhancement
A discussion on whether/how UE is informed of change of event ID under the same gNB coverage has been arisen.
	5. FFS if update of event ID is informed to UE by SI modification procedure


The issue lies in that how often such information changes. 
One argues that UE in need of 5G timing quality information can read SI based on implementation. If the status changes every now and then, it is not appropriate to notify UE via short messages. We note that the change of the parameter like timeInfoUTC, is excluded from the determination on changes in system information. Event ID could resemble the design of it, to explain how it works in the field description.
On the contrary, other assumes event ID is updated in a similar frequency as other information modified by short messages. One possible solution is that the change of event ID would in turn cause the SI modification accordingly. The first bit in the short message indication is set to 1. Another substitution is to introduce a new field for the change of event ID in the short message. We slightly prefer a new field in short messages for event ID change. Because this feature is not supported by all UEs, unsupported UE can avoid reading SI in exploit of this design.
In our understanding, the change of timing synchronization status is an event of a relatively low probability. If UE only reads SIB9 based on its implementation, it may miss the exact instance at which the event ID changes. For example, the RAN node changes the event ID at T1, and UE does not acquire SIB9 until T2, leading that UE is out of synchronization during |T2-T1|. In addition, it can be more power saving for UE to be firstly notified and then to read such event ID rather than reads SIB frequently. On top of that, if the event ID does not change, it is meaningless for synchronization-enabled UE to frequently read SIB9. Therefore, we propose that the indication on change of Status Report ID is needed.
Proposal 6: NW indicates UE about the change of event ID by SI modification procedure. RAN2 to decide whether to introduce a new field for event ID change in the short message.
2. Conclusion
We make the following observation based on the above discussion,
Observation 1: The AS layer of the UE needs to be informed by the NAS layer about the necessity of providing the indication of timing synchronization status change.
Observation 2: There is a threshold for each timing synchronization status attribute.
Observation 3: Two situations can be considered as the timing synchronization status change:
· the network timing synchronization attribute oversteps the threshold (i.e. status degradation);
· the network timing synchronization attribute meets the threshold again (i.e. status improvement).
Observation 4: The empty field of event ID can exist in (1) legacy gNB does not support the timing synchronization status feature; (2) supportive gNB indicates the timing synchronization status improves.
We hence propose,
Proposal 1: The NAS layer of the UE sends indication to the AS layer to enable the function of provision of timing synchronization status change.
Proposal 2: RAN2 to further discuss timing synchronization change based on the understanding that the field of event ID can be present or not.
Proposal 3: Under the same gNB, UE considers the change of timing synchronization status by comparison of stored and obtained event ID field from SIB9 in the following ways:
· empty vs. present 
· present vs. empty
· different values
Proposal 4: UE considers the change of timing synchronization status as long as the change of gNB.
Proposal 5: Indication on whether gNB supports to broadcast event ID (i.e., indication on gNB to support the feature of timing synchronization status) should be introduced if it can be the situation in the timing synchronization supported cell that the field of event ID is absent.
Proposal 6: NW indicates UE about the change of event ID by SI modification procedure. RAN2 to decide whether to introduce a new field for event ID change in the short message.
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