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1	Introduction
In this contribution, we address the following open issues are listed for the Timing Resiliency and URLLC WI:
· Whether to include event ID in the dedicated signalling (part of the RRC running CR email discussion)
· Whether new cause value or other indication is needed (part of the RRC running CR email discussion)
· Parameter names and value ranges (pending RAN3 decisions)
The first two were resolved in the RRC running CR email discussion. And the follow new FFS was added as editor’s note, as well as the AS and NAS interactions:
	Upon receiving SIB9 with eventID the UE shall:
1>	if VarEventID has an entry with a storedEventID value:
2>	if the storedEventID value within VarEventID is different from the eventID value received within SIB9;
3>	consider that the content of clockQualityDetailsLevel has changed;
3> notify upper layers that clockQualityDetailsLevel has changed;
3> replace the storedEventID value within VarEventID with the eventID value received within SIB9;
1>	else:
2>	add a new entry of storedEventID within the VarEventID with a value set as the one of eventID value received within SIB9;
Editor’s Note: FFS if and how to use gNB ID as gNB ID is not currently visible to the UE in RRC.



. In this contribution, we will discuss the FFSes, parameter details and the issue of unnecessarily reconnection in case of mobility between different gNBs even though there is no clock quality change.
2	Discussion
2.1	NAS and AS interaction
We believe the NAS and AS interaction should be explicitly captured in RRC since storing the event ID action is only needed when NAS requires AS to do so, i.e. the UE is configured with “Reconnection Requested” in RAN timing synchronization at NAS, and UEs not supporting this feature does not need to perform those actions. Otherwise, it would appears to be mandatory feature for all the UEs.
Proposal 1: 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.
2.2	gNB ID visibility in the RRC specification
As agreed earlier, the event ID does not across different gNBs. In other words, the scope of event ID is local to gNB.  Since the gNB ID can be derived from the cellIdentity based on the gNB-ID-Length field, gNB ID can be introduced in the RRC specification with no changes to messages and referred to in procedural text as necessary. 
Proposal 2: gNB ID should be introduced in the RRC specifications and appropriately referred to in procedural descriptions.
2.3	Signalling details 
FFSes from current running CR (NOTE: not final version yet, comments from companies also shown here):
	DLInformationTransfer-v18xy-IEs ::= SEQUENCE {
    clockQualityDetailsLevel-r18        CHOICE {
	    clockQualityMetrics-r18             ClockQualityMetrics-r18,
	    acceptanceCriteria             acceptanceCriteria-r18
    )                                                                       OPTIONAL,   -- Need N
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

AcceptanceCriteria-r18 ::= SEQUENCE {
    FFS                                 ENUMERATED(FFS)
}

ClockQualityMetrics-r18 ::= SEQUENCE {
    syncState                           ENUMERATED (FFS)                    OPTIONAL,   -- Need N
    tracebilityUTC                      FFS                                 OPTIONAL,   -- Need N
    clockFrequencyStability             ENUMERATED {FFS}                    OPTIONAL,   -- Need N
    clockAccuracy                       ENUMERATED {FFS}                    OPTIONAL,   -- Need N
    parentTimeSource                    FFS                                 OPTIONAL,   -- Need N
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}



SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
     [[
    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R
    ]],
    [[
	eventID-r18							INTEGER(0..FFS)								OPTIONAL -– Need R
    ]]
}




RAN3 is discussing the encoding of the clock quality reporting within the gNB. Table 1 list the attributes to be included in a clock quality report when the metrics are include (extracted from R3-233576 F1AP baseline CR). Note Clock Accuracy is still under discussion in RAN3, therefore is listed as FFS. Table 2 shows the indication of acceptable/not acceptable following SA2 agreements.
Table 1: Clock quality information towards the UE if Clock Quality Detail Level equals "clock quality metrics"
	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
	FFS
	

	Parent Time Source
	O
	ENUMERATED (syncE, pTP, gNSS, atomicClock, terrestrialRadio, serialTimeCode, nTP, handSet, other, …)
	



Table 2: Clock quality information towards the UE if Clock Quality Detail Level equals " acceptable/not acceptable indication "
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	Clock Quality Acceptance Criteria result
	O
	ENUMERATED (acceptable, not acceptable, …)
	


To signal there is a change in the clock quality information, the gNB uses event ID. It is up to gNB implementation the determination of event ID value (e.g., if it maps to one specific clock quality information or not). Correct gNB configuration and implementation for event ID value determination and dissemination shall avoid unnecessary re-connections from UEs in RRC_INACTIVE/IDLE during normal gNB time synchronization operation. To determine the range of values needed for event ID, different scenarios can be taken into consideration:
· In the worst case scenario, event ID maps to one specific clock quality metrics combination. Thus, the range of event ID should be large enough to have one value per each potential permutation of the clock quality information. In this worst case, this would translate to 3 syncStates * 2 traceability UTC * 2 traceability GNSS * 10 clock freq (assuming a log scale, 10 values could be enough) * 17 clock accuracy (e.g., taking the hexadecimal values of PTP specification between 20ns and 1s) * 9 time sources = 18360 values. This will lead with 15bits Integer. 
· Continuing with the 1-to-1 between event ID and clock quality information metrics combination assumption in a more realistic scenario, there are permutations that are not expected to happen. For example, if the clock is in freeRun or holdover, there is no parent time source available, if the time information is traceable to GNSS, it will be traceable to UTC, if the clock has a good accuracy, it is expected to have a good clock frequency stability accordingly. This could reduce the number of potential values to around 500 values (e.g., 2 traceability * 5 clock freq * 5 clock accuracy * 9 time sources + 2 sync status * 5 clock freq * 5 clock accuracy). This will lead with 9bits Integer.
· However, it is up to the gNB implementation to reuse the same event ID values for multiple status or not (i.e., the 1-to-1 mapping is not mandated in current agreements) and degradation/failure time source events are not expected to happen very often in the deployment. Thus, smaller range of event ID will still fulfill the update notification requirement while saving bits. To our understanding, event ID with a range of 64 values (6 bits) would be enough.
Proposal 3: Event ID with a range of 64 values is sufficient to notify change of clock quality information status updates.
The IE name for Clock quality acceptable or not as “AcceptanceCriteria” seems to be misleading as it is not really the criteria itself but an indication whether the acceptance results based on the criteria is acceptable or not. Thus it is better to change the name to “ClockQualityAcceptanceStatus” which has the value of acceptable or notAcceptable.
Proposal 4: Change the IE name “AcceptanceCriteria” to “ClockQualityAcceptanceStatus”. 
Taking a look how RRC signalling may look to provide clock quality information to the UE, as an example, ASN.1extensions for clock quality information reporting to the UE can be defined as follows with changes on top of the running CR:
	
DLInformationTransfer-v18xy-IEs ::= SEQUENCE {
    clockQualityDetailsLevel-r18        CHOICE {
	    clockQualityMetrics-r18             ClockQualityMetrics-r18, 
[bookmark: _Hlk146787879]	    clockQualityAcceptanceStatus acceptanceCriteria             ENUMERATED {acceptable, notAcceptable}    acceptanceCriteria-r18
    }                                                                      OPTIONAL,   -- Need N
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

AcceptanceCriteria-r18 ::= SEQUENCE {
    FFS                                 ENUMERATED(FFS)
}

ClockQualityMetrics-r18 ::= SEQUENCE {
    syncState                           ENUMERATED {looked, holdover, freerun}ENUMERATED (FFS)                    OPTIONAL,   -- Need N
    tracebilityUTC                      ENUMERATED {true, false}            FFS                                 OPTIONAL,   -- Need N
    tracebilityGNSS                     ENUMERATED {true, false}            OPTIONAL,   -- Need N
clockFrequencyStability             BIT STRING (SIZE (16))              ENUMERATED {FFS}                    OPTIONAL,   -- Need N
    clockAccuracy                       ENUMERATED {FFS}                    OPTIONAL,   -- Need N
    parentTimeSource                    ENUMERATED {pTP, gNSS, atomicClock, terrestrialRadio,               serialTimeCode, nTP, handSet, other, …) FFS                                 OPTIONAL,   -- Need N
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
     [[
    referenceTimeInfo-r16           ReferenceTimeInfo-r16                           OPTIONAL    -- Need R
    ]],
    [[
	eventID-r18                        	INTEGER(0..FFS63)								OPTIONAL -– Need R
    ]]
}




2.4	Stored list of gNB IDs, event IDs and clock quality reports for mobility 
At RAN2#122, RAN2 reached the following agreement regarding signalling of event ID or gNB ID change to NAS.
	2. Confirm the AS layer of the UE determines if there a change of event ID and/or gNB ID. If there is a change, the AS layer notifies the change in the RAN timing synchronization status to NAS layer. For both IDLE and INACTIVE mode, NAS layer may requests the RRC layer to move to RRC_CONNECTED


The UE can be configured at NAS with RAN timing synchronization configuration that defines whether reconnection is requested or not if the UE supports the feature. The functionality has been implemented in NAS specifications as follows
- if the UE is in 5GMM-IDLE, the UE initiates the service request procedure
	q)	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 in 5GMM-IDLE mode receives an indication of a change in the RAN timing synchronization status.


- if the UE is in 5GMM-REGISTERED/ATTEMPTING-REGISTRATION-UPDATE, the UE shall initiate registration update procedure
	m)	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.


- if the UE is in the 5GMM-CONNECTED mode with RRC inactive indication, the UE requests RRC to reconnect.
	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.


 According to the RAN2 agreement and the current version of NAS specification, the UE shall reconnect each time there is a change of gNB ID or event ID. This leads to an issue if UE moves at a boundary of gNB service areas where the UE moves frequently between cells controlled by different gNBs. Each change of gNB, i.e. reselection between cells of different gNBs, causes the RRC layer to signal the change in the RAN timing synchronization status even though there has been no change in clock quality of gNBs. A simple solution to this problem would be to let the RRC layer of the UE to store the clock quality reports with associated gNB ID and event ID for some time which could be reasonably long (e.g. in range of hours). When the UE acquires SIB9 with event ID, it compares the acquired gNB ID and event ID with stores values of gNB ID and event ID including an associated clock quality status. If a match is found then the UE does not need to indicate a change of RAN timing synchronization status to NAS.  
The storing of gNB ID, event ID and corresponding clock quality report can also help in scenarios when the gNB’s clock synchronization status changes. When the gNB’s clock synchronization returns to its previous state then the UE won’t need to reconnect if the previous clock quality report with corresponding gNB ID and event ID is stored.
Proposal 5: The UE shall store a list of clock quality status reports with corresponding gNB IDs and event IDs which allows the UE to use the stored values when moving along a gNB service area and frequently reselecting between cells of different gNBs.
3	Conclusion
Remaining issues on clock quality status reports are discussed in this contribution with the following proposals made:
Proposal 1: 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.
Proposal 2: gNB ID should be introduced in the RRC specifications and appropriately referred to in procedural descriptions.
Proposal 3: Event ID with a range of 64 values is sufficient to notify change of clock quality information status updates.
Proposal 4: Change the IE name “AcceptanceCriteria” to “ClockQualityAcceptanceStatus”. 
Proposal 5: The UE shall store a list of clock quality status reports with corresponding gNB IDs and event IDs which allows the UE to use the stored values when moving along a gNB service area and frequently reselecting between cells of different gNBs.
