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1	Introduction
In this paper, we identify some missing F1AP functionality to achieve the following WID objectives [1]:
	1.	5GS network timing synchronization status and reporting [RAN3, RAN2]:
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.
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]



[bookmark: _Hlk527071819]2	Discussion
SA2 describes the use of pre-configured thresholds as follows in TS 23.501 clause 5.27.1.12: 
	[…]
gNBs may be pre-configured with 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 thresholds (i.e. status degradation), or the network timing synchronization status meets the thresholds again (i.e. status improvement), the gNB notifies the TSCTSF (either using N2 node level signalling via AMF, or via OAM) with the scope of the timing synchronization status (i.e. gNB ID or a list of Cell IDs within a single gNB) and the corresponding network timing synchronization status (TSS) attributes as described in this clause. The gNB indicates the status change to the UEs via SIB information: 
[…]
NOTE 1:	NG-RAN is assumed not to provide clock quality metrics better than the pre-configured threshold, i.e. if a clock quality metric is better than the corresponding threshold, the NG-RAN reports the threshold value to the UE in an RRC message instead.
NOTE 2:	It is assumed the pre-configured thresholds in the gNB(s) are sufficient to meet UE time sync performance requirement which are configured by the operator.



The pre-configured thresholds are node-level attributes of the gNB-DU, not associated with a specific UE. As described in NOTE 1 above and taking clock accuracy as an example, if the pre-configured threshold for the clock accuracy attribute is 400ns, then the gNB never reports a clock accuracy value less than 400ns; if the actual accuracy is e.g. 350ns, the gNB only reports the 400ns value of the preconfigured threshold. The pre-configured thresholds are assumed to be strict enough to meet the requirements of all UEs that may consume time synchronization services (as indicated in NOTE 2 above), e.g., in the example no UEs have a clock accuracy requirement stricter than 400ns.
Observation-1:	There is only a single pre-configured threshold for each RAN TSS attribute, and it is assumed to meet the time sync performance requirement of all UEs. 
Proposal 1:	Clarify in TS 38.401 (step 0 of Figure 8.x.1-1) that the gNB-DU does not report RAN TSS attribute values better than the pre-configured thresholds.
Independent of pre-configured thresholds, the gNB may receive UE-specific clock quality acceptance criteria from the CN when the clock quality detail level for the UE is “acceptable/not acceptable”. When evaluating the clock quality acceptance criteria, the NG-RAN split architecture brings additional considerations which were not discussed in SA2 since CU-DU split is transparent to WGs outside of RAN3. The baseline for the gNB-CU is to know if the pre-configured thresholds (not associated to any UE) at the gNB-DU are no longer met or are met again. Taking clock accuracy as an example, while the preconfigured threshold is met, then the clock accuracy is acceptable for all UEs. However, while the preconfigured threshold is no longer met:
-	If the acceptance criterion for clock accuracy is the same as the pre-configured threshold for all UEs, then the gNB-CU knows that the current clock accuracy is not acceptable for all UEs;
-	If the acceptance criterion for clock accuracy is more relaxed than the pre-configured threshold for at least some UEs, then the gNB-CU does not know whether the current clock accuracy is acceptable or not for those UEs since it only knows that the clock accuracy is worse than the pre-configured threshold but does not know how much worse. The gNB-DU will not generate any additional RAN TSS reports until the pre-configured threshold is met again.
For the gNB-CU to know the current RAN TSS status of the gNB-DU, gNB-CU needs the non-UE associated RAN TSS reports from the gNB-DU. Non-UE associated signaling is preferred between the gNB-CU and gNB-DU because the status information at the gNB-DU applies to all the UEs served by it. Then, the gNB-CU correlates the current RAN TSS (non-UE associated) and UE’s clock quality acceptance criteria (UE associated) to determine the “acceptable/not acceptable” result for a specific UE. Based on the result, a dedicated RRC message is generated at the gNB-CU and sent to the UE. 
The goal is to keep the gNB-CU updated with the current status of the synchronization plane of the gNB-DU to evaluate the service status (acceptable/not acceptable) provided to each UE. The example in Figure 1 illustrates the desirability for the gNB-DU to trigger a RAN TSS report not only when the pre-configured threshold is crossed, but also when other thresholds are crossed that correspond to the acceptance criteria of UE1 and UE2. 
[image: ]
[bookmark: _Ref142303944]Figure 1: Example of RAN TSS reporting towards UE1 and UE2 based on UE-specific clock accuracy acceptance criteria
To our understanding, following NOTE 2 in TS 23.501 clause 5.27.1.12, the pre-configured thresholds configured at the gNB will be the strictest ones sufficient to meet all UE’s time synchronization criteria. However, for more relaxed acceptance criteria configured for specific UEs, the pre-configured thresholds would not be enough to ensure the gNB-CU gets enough updates to evaluate the acceptance criteria. 
Observation-2:	RAN TSS reporting triggered only by pre-configured thresholds is insufficient to support clock quality detail level “acceptable / not acceptable”. 
Proposal 2:	Clarify in TS 38.401 (steps 7 & 8 of Figure 8.x.1-1) that RAN TSS reports may be triggered while the clock quality status is degraded due to a primary source event other than exceeding (or meeting again) a pre-configured threshold.
Proposal 3:	Discuss additional triggers for gNB-DU to report RAN TSS while the clock quality is in degraded state, to enable the gNB-CU to evaluate clock quality acceptance criteria.
To ensure the acceptance criteria can be evaluated at the gNB-CU, there are several solution options as shown in Table 2. The clock quality is considered to be in “degraded state” when the pre-configured threshold is no longer met.
	Option
	F1AP impact
	gNB-DU behavior

	A)
	gNB-CU signals a list of clock accuracy thresholds in the TSS REQUEST message, corresponding to the acceptance criteria of UEs served by the gNB-CU. See TP in Annex B.
	While clock quality is in “degraded state”, gNB-DU triggers a RAN TSS report whenever any of the signalled thresholds are crossed.

	B)
	gNB-CU signals a relative threshold (an integer in units of 25ns) in the TSS REQUEST message. See TP in Annex C.
	While clock quality is in “degraded state”, gNB-DU triggers a RAN TSS report whenever the clock accuracy value changes by the relative threshold.

	C)
	gNB-CU signals a reporting periodicity in the TSS REQUEST message
	While clock quality is in “degraded state”, gNB-DU triggers a RAN TSS report at periodic intervals.


Table 2: Solution options for RAN TSS reporting over F1AP while clock is in “degraded state”

Taking the example in Figure 1 to illustrate each option:
-	Option A: The gNB-CU signals clock accuracy thresholds of 400ns, 500ns, and 550ns to the gNB-DU. Then, while the clock quality is in “degraded state”, the gNB-DU triggers a RAN TSS report whenever any of the signalled thresholds are crossed. Therefore, additional RAN TSS reports may be triggered at 500ns and 550ns.
-	Option B: The gNB-CU signals a relative threshold value of 2 to the gNB-DU. Then, while the clock quality is in “degraded state”, the gNB-DU triggers a RAN TSS report whenever the clock accuracy value changes by 50ns. Therefore, additional RAN TSS reports may be triggered at 450ns, 500ns, etc.
-	Option C: While the clock quality is in “degraded state”, the gNB-DU triggers a RAN TSS report at periodic time intervals. An update may contain the same or different values than the previous report, and the update may be delayed by up to the reporting interval.
Option C does not seem to be a good solution since it introduces potential delay between the time the gNB-DU detects clock quality degradation and when it is reported, and the only way to minimize this delay is to configure a very short reporting interval.
The other two options seem feasible. Option A appears to be aligned with SA2’s intention and matches the behavior of pre-configured thresholds, i.e., a RAN TSS report is triggered when a threshold is no longer met or is met again. Therefore, we have a slight preference for Option A over Option B.
Proposal 4:	Add an optional Clock Accuracy Threshold List IE to the F1AP: TIMING SYNCHRONISATION STATUS REQUEST message, that includes a list of clock accuracy thresholds corresponding to the acceptance criteria of UEs served by the gNB-CU.
3	Conclusions
In this paper, we evaluated open issues for timing resiliency and made the following observations and proposals:
Observation-1:	There is only a single pre-configured threshold for each RAN TSS attribute, and it is assumed to meet the time sync performance requirement of all UEs. 
Proposal 1:	Clarify in TS 38.401 (step 0 of Figure 8.x.1-1) that the gNB-DU does not report RAN TSS attribute values better than the pre-configured thresholds.
Observation-2:	RAN TSS reporting triggered only by pre-configured thresholds is insufficient to support clock quality detail level “acceptable / not acceptable”. 
Proposal 2:	Clarify in TS 38.401 (steps 7 & 8 of Figure 8.x.1-1) that RAN TSS reports may be triggered while the clock quality status is degraded due to a primary source event other than exceeding (or meeting again) a pre-configured threshold.
Proposal 3:	Discuss additional triggers for gNB-DU to report RAN TSS while the clock quality is in degraded state, to enable the gNB-CU to evaluate clock quality acceptance criteria.
Proposal 4:	Add an optional Clock Accuracy Threshold List IE to the F1AP: TIMING SYNCHRONISATION STATUS REQUEST message, that includes a list of clock accuracy thresholds corresponding to the acceptance criteria of UEs served by the gNB-CU.
TPs for the above proposals are in the Annexes.
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Annex	A: Text Proposal for TS 38.401
Start of modifications
8.x.1	RAN TSS reporting towards the CN
The signaling flow for RAN TSS reporting towards the CN is shown in Figure 8.x.1-1. This procedure is used when the TSCTSF subscribes to RAN TSS reporting at the AMF as described in TS 23.502 [x].

 
Figure 8.x.1-1:	RAN TSS reporting towards the CN 
0.	The gNB-DU is pre-configured with a threshold for each RAN TSS attribute it supports. The gNB-DU does not report RAN TSS attribute values better than the pre-configured thresholds, i.e. if a RAN TSS attribute has a value better than the pre-configured threshold, the gNB-DU reports the threshold value to the gNB-CU instead.
NOTE 1: 	It is assumed the pre-configured thresholds in the gNB-DU are sufficient to meet UE time sync performance requirement which are configured by the operator.
1.	The AMF requests RAN TSS reporting by sending the TIMING SYNCHRONISATION STATUS REQUEST message to the gNB-CU. 
2.	The gNB-CU requests RAN TSS reporting from at least one gNB-DU by sending the TIMING SYNCHRONISATION STATUS REQUEST message to the gNB-DU.
NOTE 2:	It is up to gNB-CU implementation whether to send the request to all its gNB-DUs or to a particular subset of its gNB-DUs, depending on e.g. network topology.
3.	The gNB-DU replies to the gNB-CU by sending the TIMING SYNCHRONISATION STATUS RESPONSE message. 
4.	The gNB-CU replies to the AMF by sending the TIMING SYNCHRONISATION STATUS RESPONSE message. If the gNB-CU does not receive a successful response from at least one gNB-DU, the gNB-CU replies to the AMF by sending the TIMING SYNCHRONISATION STATUS FAILURE message and the flow stops at this step.
5. 	Upon sending the response to the gNB-CU, the gNB-DU provides a first RAN TSS report to the gNB-CU by sending the TIMING SYNCHRONISATION STATUS REPORT message.
NOTE 3:	The RAN TSS attributes included in the report is up to gNB-DU implementation.
6.	The gNB-CU sends the TIMING SYNCHRONISATION STATUS REPORT message to the AMF. The message contains the RAN TSS attributes received from the gNB-DU and the RAN TSS Scope IE to indicate whether the scope of the RAN TSS report is “RAN node level” or “cell list level”.
7.	Later, the gNB-DU detects a primary source event: 
a)	a RAN TSS attribute exceeds a pre-configured threshold (i.e. status is degraded);
b)	while the status is degraded, a RAN TSS attribute value changes; or 
c)	a RAN TSS attribute meets the pre-configured threshold again (i.e. status is no longer degraded).
8.	Upon detecting the primary source event, the gNB-DU provides an updated RAN TSS report to the gNB-CU by sending a TIMING SYNCHRONISATION STATUS REPORT message.
9. 	Same as step 6.
8.x.2	RAN TSS reporting towards the UE
The signaling flow for RAN TSS reporting towards the UE in RRC_CONNECTED state is shown in Figure 8.x.2-1.  

Figure 8.x.2-1:	RAN TSS reporting towards the UE in RRC_CONNECTED state
NOTE 1:	In this signalling flow, it is assumed that RAN TSS reporting is already enabled at the gNB-DU.
1.	The AMF sends the INITIAL CONTEXT SETUP REQUEST message to the gNB-CU, containing the Clock Quality Reporting Control Information IE within the Time Synchronization Assistance Information IE. The clock quality reporting control information indicates the clock quality detail level to provide to the UE, i.e. “metrics” or “acceptable/not acceptable indication”. If clock quality detail level equals “acceptable/not acceptable indication”, the clock quality reporting control information also contains the clock quality acceptance criteria.
NOTE 2:	The clock quality reporting control information can also be provided in the UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST, or PATH SWITCH REQUEST ACKNOWLEDGE messages.
2.	The gNB-CU replies to the AMF by sending the INITIAL CONTEXT SETUP RESPONSE message.
3.	The gNB-CU sends the latest clock quality information to the UE by sending the DLInformationTransfer message. The clock quality information provided to the UE depends on the clock quality detail level received in step 1 (i.e., “metrics” or “acceptable/not acceptable indication”).
4.	Later, the gNB-DU detects a primary source event: 
a)	a RAN TSS attribute exceeds a pre-configured threshold (i.e. status is degraded) 
b)	while the status is degraded, a RAN TSS attribute value changes; or 
c)	a RAN TSS attribute meets the threshold again (i.e. status is no longer degraded).
5.	Upon detecting the primary source event, the gNB-DU provides an updated RAN TSS report to the gNB-CU by sending a TIMING SYNCHRONISATION STATUS REPORT message. 
6.	Same as step 3.

End of modifications

Annex	B: Text Proposal for TS 38.473 (Option A)
Start of modifications
8.xx.1.2	Successful Operation
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Figure 8.XX.1.2-1: Timing synchronisation status procedure: successful operation
The gNB-CU initiates the procedure by sending a TIMING SYNCHRONISATION STATUS REQUEST message to the gNB-DU. 
If the RAN TSS Request Type IE included in the TIMING SYNCHRONISATION STATUS REQUEST message is set to “start”, the gNB-DU shall start the report and reply with the TIMING SYNCHRONISATION STATUS RESPONSE message. If the RAN TSS Request Type IE is set to “stop”, the gNB-DU shall stop the report and reply with the TIMING SYNCHRONISATION STATUS RESPONSE message.
If the Clock Accuracy Threshold List IE is included in the TIMING SYNCHRONISATION STATUS REQUEST message, the gNB-DU shall initiate the Timing Synchronisation Status Report procedure if the clock quality is degraded and a clock accuracy threshold value included in the Clock Accuracy Threshold List is either exceeded or met again.
next modification
9.2.yy.1	TIMING SYNCHRONISATION STATUS REQUEST
This message is sent by the gNB-CU to request the gNB-DU to start or stop reporting of RAN timing synchronization status information.
Direction: gNB-CU  gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	RAN TSS Request Type
	M
	
	ENUMERATED
(start, stop, …)
	
	YES
	reject

	Clock Accuracy Threshold List
	O
	
	9.3.1.y1
	
	YES
	ignore



next modification
9.3.1.y1	Clock Accuracy Threshold List
This IE indicates the list of clock accuracy thresholds relevant while the clock quality is degraded. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Clock Accuracy Threshold Item
	
	1..<maxnoofClockAccuracyThreshold>
	
	

	>Clock Accuracy Threshold
	M
	
	INTEGER (1..400000000, …)
	Clock accuracy threshold expressed in units of 25 ns.



	Range bound
	Explanation

	maxnoofClockAccuracyThreshold
	Maximum no. of clock accuracy thresholds. Value is 8.



End of modifications

Annex	C: Text Proposal for TS 38.473 (Option B)
Start of modifications
8.xx.1.2	Successful Operation
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Figure 8.XX.1.2-1: Timing synchronisation status procedure: successful operation
The gNB-CU initiates the procedure by sending a TIMING SYNCHRONISATION STATUS REQUEST message to the gNB-DU. 
If the RAN TSS Request Type IE included in the TIMING SYNCHRONISATION STATUS REQUEST message is set to “start”, the gNB-DU shall start the report and reply with the TIMING SYNCHRONISATION STATUS RESPONSE message. If the RAN TSS Request Type IE is set to “stop”, the gNB-DU shall stop the report and reply with the TIMING SYNCHRONISATION STATUS RESPONSE message.
If the Clock Accuracy Relative Threshold IE is included in the TIMING SYNCHRONISATION STATUS REQUEST message, the gNB-DU shall initiate the Timing Synchronisation Status Report procedure if the clock quality is degraded and there is a change in the clock accuracy of more than the relative threshold.
Next modification
9.2.yy.1	TIMING SYNCHRONISATION STATUS REQUEST
This message is sent by the gNB-CU to request the gNB-DU to start or stop reporting of RAN timing synchronization status information.
Direction: gNB-CU  gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	RAN TSS Request Type
	M
	
	ENUMERATED
(start, stop, …)
	
	YES
	reject

	Clock Accuracy Relative Threshold
	O
	
	INTEGER (1..400000000, …)
	Unit: 25ns
	YES
	ignore



End of modifications
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