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Background
The new WID of NR Timing Resiliency and URLLC enhancements was approved in RAN#99 [1]. In which, the following objective is included:
	[bookmark: OLE_LINK7]...
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]


[bookmark: OLE_LINK15]Based on the discussion in RAN2#123 meeting, following agreements have been achieved:
	· 1. Confirm in RAN2 that no AS capability is needed for the UE to support clock quality information mechanisms.
· 2. Confirm the gNB is always broadcasting Event ID in SIB9 if it supports the feature.  Send LS to SA2 to information.   
· 3. DLInformationTransfer message is extended to include clock quality information reporting towards the UE (i.e., clock quality metrics or clock quality indication).  FFS if event ID is included to be discussed in email discussion for 331
· R2-2309264 LS on Event ID broadcast in SIB9 is approved
· As a baseline no change to SDT will be support


In RAN2#123bis meeting, based on the contributions, the following agreements have been achieved:
	· 1. event ID is included in the DLInformationTransfer message. The UE maintains an updated variable of the eventID coupled with the associated Clock Quality Information in DLInformationTransfer.
· 2. Differentiation of access attempt cause is not needed for the purpose of obtaining Clock Quality Information.
· 3. gNB ID as derived from Global Cell ID and gNB ID length in SIB1 will be referred to in the procedure.  gBN ID length is mandatory if the gNB uses this feature.    No new signaling will be introduced.   
· 4. Explicitly capture the NAS and AS interactions for storing the event ID and the clock information and triggering of the reconnection based on the NAS configuration of whether the feature is enable and whether reconnection is needed
· 5. Event ID with a range of 64 values is sufficient to notify change of clock quality information status updates.  [put it in bracket]
· 6. Change the IE name “AcceptanceCriteria” to “ClockQualityAcceptanceStatus” discuss in email discussion for 38.331 


In this contribution, we will discuss some remaining issues of the 5G clock quality information acquisition and give our proposals.

Discussion
Clock quality information change notification
In the last RAN2 meeting, RAN2 has agreed that event ID is included in the DLInformationTransfer message. The UE maintains an updated variable of the eventID coupled with the associated Clock Quality Information in DLInformationTransfer. We think there is still a remaining issue about whether it is necessary to also include reference time information along with Clock Quality Information in DLInformationTransfer message. Per our understanding, the reference time information may not be necessary in all cases when eventID changes, e.g. when the reference time source has not changed but just the clock accuracy degrades, the reference time information is not necessary; when the reference time source has changed, the reference time information is necessary. Therefore, whether it is necessary to include reference time information in DLInformationTransfer message can be left to NW implementation.
Observation 1: The reference time information may not be necessary in all the cases when event ID changes.
Proposal 1: Whether to include reference time information along with Clock Quality Information in DLInformationTransfer message when eventID changes can be left to NW implementation.

Another remaining issue is whether eventID is always included or optionally given independently of clockQualityDetails. Since the intention of introducing eventID in DLInformationTransfer is to correlate a certain clockQualityDetails with the certain eventID so that when UE moves from the connected state to the idle state, UE would not misjudge the change in eventID, thus avoiding unnecessary (re)acquisition of clockQualityDetails, it’s better to provide these two parameters together in DLInformationTransfer.
However, if UE is updated the clock quality information for several times during connected mode, only the last received event ID is important and needs to be stored. It’s easy to see all the previously received event ID are mantled and useless. So from this perspective, only the last DLInformationTransfer message sent to UE before it moves to idle mode needs to include this eventID. However, as the NW cannot know whether a DLInformationTransfer message would be the last one before the UE is released, the simple way may be to always provide eventID along with provision of clockQualityDetails. In the running RRC CR, such restriction can be mentioned in the field description of eventID.
Proposal 2: eventID is always given along with provision of clockQualityDetails in DLInformationTransfer.

The third remaining issue is that, after supporting the check of gNB ID, whether the UE should firstly determine whether the node is changed when receiving event ID. According to the RAN3 agreement, the event ID is valid only within gNB scope. When UE moves from one gNB to another, even the event ID has not changed, the reference time information and/or clockQualityDetails may change. Based on the above information, we think the basic logic should be that, UE needs to check both of these two parameters. But no matter which value, gNB ID or event ID, has changed, UE can determine Clock Quality Information has changed. With this consideration, we think it’s no need to place checking of gNB ID over the checking of event ID and UE doesn’t need to firstly determine whether the node is changed.
Proposal 3: UE can determine whether Clock Quality Information has changed according to the change of either gNB ID or event ID. In other word, UE doesn’t need to firstly determine whether the node is changed.

5G Clock quality information delivery to UE in RRC_CONNECTED state
For UE in RRC_CONNECTED, the detailed 5G Clock quality information can be directly delivered to UE via dedicated signaling. RAN3 discusses 5GS network timing synchronization status and reporting, and sends out the LS [2]. In the LS, the following information are mentioned:
	RAN3 has reached agreement regarding encoding details of the RAN timing synchronization status attributes reported from the NG-RAN to the AMF as shown below.
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	Synchronisation State
	O
	ENUMERATED (locked, holdover, freeRun, …)
	

	Traceable to UTC
	O
	ENUMERATED (true, false, …)
	

	Traceable to GNSS
	O
	ENUMERATED (true, false, …)
	

	Clock Frequency Stability
	O
	BIT STRING (SIZE (16))
	Indicates the offsetScaledLogVariance as specified in TS 23.501 [9].

	Clock Accuracy
	O
	see below
	

	Parent Time Source
	O
	[bookmark: _Hlk146406699]ENUMERATED (syncE, pTP, gNSS, atomicClock, terrestrialRadio, serialTimeCode, nTP, handSet, other, …)
	



	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	CHOICE Clock Accuracy
	M
	
	

	>value
	
	
	

	>>Clock Accuracy Value
	M
	INTEGER (1..40000000, …)
	Indicates the absolute clock accuracy value. Unit in 25ns [FFS].

	>index
	
	
	

	>>Clock Accuracy Index 
	M
	INTEGER (32..47, …)
	Indicates the clockAccuracy enumeration value specified in Table 5 of clause 7.6.2.6 of IEEE Std 1588



NOTE:	The RAN TSS attributes included in the report is up to gNB implementation.
In addition, RAN3 has reached agreement regarding encoding details of the clock quality acceptance criteria from the AMF towards the NG-RAN as shown below:
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	Synchronisation State
	O
	BIT STRING {
locked (0),
holdover (1),
freeRun (2) }
(SIZE (8, …))
	Each position in the bitmap represents a synchronisation state.
If a bit is set to “1”, the respective synchronisation state is acceptable. If a bit is set to “0”, the respective synchronisation state is not acceptable. 
Bits 3-7 reserved for future use.

	Traceable to UTC
	O
	ENUMERATED (true, …)
	

	Traceable to GNSS
	O
	ENUMERATED (true, …)
	

	Clock Frequency Stability
	O
	BIT STRING (SIZE (16))
	Indicates the offsetScaledLogVariance as specified in TS 23.501 [9].

	Clock Accuracy
	O
	INTEGER (1..40000000, …)
	Clock accuracy expressed in units of 25 ns [FFS].

	Parent Time Source
	O
	BIT STRING {
syncE (0),
pTP (1),
gNSS (2),
atomicClock (3),
terrestrialRadio (4),
serialTimeCode (5),
nTP (6),
handset (7),
other (8) }
(SIZE (16, …))
	Each position in the bitmap represents a parent time source.
If a bit is set to “1”, the respective parent time source is acceptable. If a bit is set to “0”, the respective parent time source is not acceptable. 
Bits 9-15 reserved for future use.


….


In the current running RRC CR, the ClockQualityMetrics definition is as below:
	–	ClockQualityMetrics
The IE ClockQualityMetrics is used to configure RAN timing synchronisation status information as specified in 38.473[X]
ClockQualityMetrics information element

-- ASN1START
-- TAG-CLOCKQUALITYMETRICS-START

ClockQualityMetrics-r18 ::= SEQUENCE {
    syncState-r18            ENUMERATED {locked, holdover, freerun, spare1}   OPTIONAL,   -- Need N
    tracebilityUTC-r18       ENUMERATED {true, false}                         OPTIONAL,   -- Need N
    tracebilityGNSS-r18      ENUMERATED {true, false}                         OPTIONAL,   -- Need N
    clockFrequencyStability-r18       BIT STRING {SIZE(16)}                   OPTIONAL,   -- Need N
    clockAccuracy-r18                       ::= CHOICE {
            value INTEGER (1..40000000),
            index INTEGER (32..47)
    }                                                                          OPTIONAL,   -- Need N
    parentTimeSource-r18      ENUMERATED {syncE, pTP, atomicClock, terrestialRadio,
                                  serialTimeCode,nTP, handset, other, spare1}  OPTIONAL,   -- Need N
    ...
}

-- TAG-CLOCKQUALITYMETRICS-STOP
-- ASN1STOP
EN: The field values and types to be confirmed with RAN3 pending progress.	
	ClockQualityMetrics field descriptions

	clockFrequencyStability
Clock Frequency Stability as specified in 38.473[x].


…


Compared with the above RAN2 IE definition with RAN3 latest progress, we give the following suggestions to RAN2 IE definition:
· The current syncState-r18 only have 1 spare bit. It’s better to allow more spare bits for syncState-r18 to align with the definition in RAN3 and for the possible extension in future.
· According to the RAN3 agreement, one value “gNSS” is missed from the value list of parentTimeSource-r18. Furthermore, as there are already 9 values, we suggest to also add more spare bits to make parentTimeSource-r18 is byte alignment and also easy to be extended. 
Proposal 4: Compared with the latest RAN3 agreement, the following IEs’ definition needs to be updated:
· To allow more spare bits for syncState-r18 to align with the definition in RAN3: syncState-r18  ENUMERATED {locked, holdover, freerun, spare5, spare4, spare3, spare2, spare1} 
· To add the following field description for parentTimeSource-r18: parentTimeSource-r18   ENUMERATED {syncE, pTP, gNSS, atomicClock, terrestialRadio, serialTimeCode, nTP, handset, other, spare7, spare6, spare5, spare4, spare3, spare2, spare1}

[bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we make the following observations and proposals:
Observation 1: The reference time information may not be necessary in all the cases when event ID changes.

Proposal 1: Whether to include reference time information along with Clock Quality Information in DLInformationTransfer message when eventID changes can be left to NW implementation.
Proposal 2: eventID is always given along with provision of clockQualityDetails in DLInformationTransfer.
[bookmark: _GoBack]Proposal 3: UE can determine whether Clock Quality Information has changed according to the change of either gNB ID or event ID. In other word, UE doesn’t need to firstly determine whether the node is changed.
Proposal 4: Compared with the latest RAN3 agreement, the following IEs’ definition needs to be updated:
· To allow more spare bits for syncState-r18 to align with the definition in RAN3: syncState-r18  ENUMERATED {locked, holdover, freerun, spare5, spare4, spare3, spare2, spare1} 
· To add the following field description for parentTimeSource-r18: parentTimeSource-r18   ENUMERATED {syncE, pTP, gNSS, atomicClock, terrestialRadio, serialTimeCode, nTP, handset, other, spare7, spare6, spare5, spare4, spare3, spare2, spare1}
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