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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In last RAN2 meeting, some agreements for TSN have been achieved as below [1]:
SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided by broadcast signalling (as in LTE)
The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future, in case the time reference information is provided by unicast signalling 
Signalling to support 10ns granularity. 
R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 
“00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used (as in LTE).
The field used for reference time information delivery is excluded from estimation of changes in system information.
Specify uncertainty parameter in the reference time information in NR, encoding FFS
We will have the clock type field, similar to LTE. R2 considers that this have no relation to ongoing discussions in SA2 on TSC 
Send an LS to RAN1 acc to P9
There are still two open issues about timing reference, and we’d like to have a quick discussion on them.
Discussion
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Encoding of Uncertainty
There are two solutions of how to identify the uncertainty in LTE [2]:
· One is to that the time reference value is expressed in units of 250 ns and uncertainty indication of K*250 ns, where K is sent in the message;
· Another is to use “K” to indicate how many bits within time are accurate, so that the accuracy of time can be (in us) {0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.
Since the first solution needs a large number of K, the second solution is at last used in LTE.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The uncertainty field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.
From the field description of uncertainty in LTE, the max value of uncertainty in unit us = 12 bits from the LSBs of refQuarterMicroSeconds, which is 1024us = about 1ms. 
Observation: In LTE, the max value is the bit number used in refQuarterMicroSeconds-r15.
The range of uncertainty in LTE is INTEGER (0..12), since the range of refQuarterMicroSeconds field is INTEGER (0..3999) which needs 12bits. So for NR with extended minimum granularity of 10ns, the range of the [refTenNanoSeconds] should be INTEGER (0..99999), therefore the uncertainty should also be extended to INTEGER (0..17) to meeting the inaccuracy requirement same as in LTE.
Proposal 1: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..17) which use the similar definition as in LTE. 
0. Capability of supporting timeReferenceProvision
The capability bit of timeReferenceProvision is introduced to LTE for a finer granularity. In NR, the enhanced timing reference delivery solution is almost the same as in LTE does, which supports a finer granularity of 10ns. Therefore the capability bit could be reused to indicate whether the UE support such provision of time reference [3].
Proposal 2: Add a bit of UE capability to indicate whether the UE support timeReferenceProvision.
Conclusion
According to the analysis in Section 2, we have the observation as below:
Observation: In LTE, the max value is the bit number used in refQuarterMicroSeconds-r15.
And we propose for NR:
Proposal 1: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..17) which use the similar definition as in LTE. 
Proposal 2: Add a bit of UE capability to indicate whether the UE support timeReferenceProvision.
The TP for timing reference provision in TS38.331 and TS38.306 are provided below.
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TP for Timing Reference Provision
For 38.331:
This TP is based on TS38.331 f60.
[bookmark: _Toc12718435]6.3.3	UE capability information elements
[bookmark: _Toc12718488][bookmark: _Hlk726563]–	UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [26].
UE-NR-Capability information element
-- ASN1START
-- TAG-UE-NR-CAPABILITY-START

UE-NR-Capability ::=            SEQUENCE {
    accessStratumRelease            AccessStratumRelease,
    pdcp-Parameters                 PDCP-Parameters,
    rlc-Parameters                  RLC-Parameters                      OPTIONAL,
    mac-Parameters                  MAC-Parameters                      OPTIONAL,
    phy-Parameters                  Phy-Parameters,
[bookmark: _Hlk515667603]    rf-Parameters                   RF-Parameters,
    measAndMobParameters            MeasAndMobParameters                OPTIONAL,
    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,
    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,
    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,
    fr2-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,
    featureSets                     FeatureSets                         OPTIONAL,
    featureSetCombinations          SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    lateNonCriticalExtension        OCTET STRING                        OPTIONAL,
    nonCriticalExtension            UE-NR-Capability-v1530              OPTIONAL
}

UE-NR-Capability-v1530 ::=               SEQUENCE {
    fdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530      OPTIONAL,
    tdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530      OPTIONAL,
    dummy                                    ENUMERATED {supported}                 OPTIONAL,
    interRAT-Parameters                      InterRAT-Parameters                    OPTIONAL,
    inactiveState                            ENUMERATED {supported}                 OPTIONAL,
    delayBudgetReporting                     ENUMERATED {supported}                 OPTIONAL,
    nonCriticalExtension                     UE-NR-Capability-v1540                 OPTIONAL
}

[bookmark: _Hlk726539]UE-NR-Capability-v1540 ::=              SEQUENCE {
    sdap-Parameters                         SDAP-Parameters                         OPTIONAL,
    overheatingInd                          ENUMERATED {supported}                  OPTIONAL,
    ims-Parameters                          IMS-Parameters                          OPTIONAL,
    fr1-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540       OPTIONAL,
    fr2-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540       OPTIONAL,
    fr1-fr2-Add-UE-NR-Capabilities          UE-NR-CapabilityAddFRX-Mode             OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v1550                  OPTIONAL
}

UE-NR-Capability-v1550 ::=               SEQUENCE {
    reducedCP-Latency                        ENUMERATED {supported}                 OPTIONAL,
    nonCriticalExtension                     UE-NR-Capability-v1560                 OPTIONAL
}

UE-NR-Capability-v1560 ::=               SEQUENCE {
    nrdc-Parameters                         NRDC-Parameters                         OPTIONAL,
    receivedFilters                         OCTET STRING (CONTAINING UECapabilityEnquiry-v1560-IEs)       OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v16xy SEQUENCE {}                             OPTIONAL
}

UE-NR-Capability-v16xy ::=               SEQUENCE {
    timeReferenceProvision                  ENUMERATED {supported}               	OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                             OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode ::=         SEQUENCE {
    phy-ParametersXDD-Diff                  Phy-ParametersXDD-Diff                  OPTIONAL,
    mac-ParametersXDD-Diff                  MAC-ParametersXDD-Diff                  OPTIONAL,
    measAndMobParametersXDD-Diff            MeasAndMobParametersXDD-Diff            OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode-v1530 ::=    SEQUENCE {
    eutra-ParametersXDD-Diff                 EUTRA-ParametersXDD-Diff
}

UE-NR-CapabilityAddFRX-Mode ::= SEQUENCE {
    phy-ParametersFRX-Diff              Phy-ParametersFRX-Diff                      OPTIONAL,
    measAndMobParametersFRX-Diff        MeasAndMobParametersFRX-Diff                OPTIONAL
}

UE-NR-CapabilityAddFRX-Mode-v1540 ::=    SEQUENCE {
    ims-ParametersFRX-Diff                   IMS-ParametersFRX-Diff                 OPTIONAL
}

-- TAG-UE-NR-CAPABILITY-STOP
-- ASN1STOP

	UE-NR-Capability field descriptions

	featureSetCombinations
A list of FeatureSetCombination:s for NR (not for MR-DC). The FeatureSetDownlink:s and FeatureSetUplink:s referred to from these FeatureSetCombination:s are defined in the featureSets list in UE-NR-Capability.



For 38.306:
[bookmark: _Toc12750887]4.2.2	General parameters
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	delayBudgetReporting
Indicates whether the UE supports delay budget reporting as specified in TS 38.331 [9].
	UE
	No
	No
	No

	inactiveState
Indicates whether the UE supports RRC_inactive as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	overheatingInd
Indicates whether the UE supports overheating assistance information.
	UE
	No
	No
	No

	reducedCP-Latency
Indicates whether the UE supports reduced control plane latency as defined in TS 38.331 [9]
	UE
	No
	No
	No

	splitSRB-WithOneUL-Path
Indicates whether the UE supports UL transmission via either MCG path or SCG path for the split SRB as specified in TS 37.340 [7]. The UE shall only set the bit in UE-MRDC-Capability -> generalParametersMRDC. It shall not set the FDD/TDD specific fields.
	UE
	No
	No
	No

	splitDRB-withUL-Both-MCG-SCG
Indicates whether the UE supports UL transmission via both MCG path and SCG path for the split DRB as specified in TS 37.340 [7]. The UE shall only set the bit in UE-MRDC-Capability -> generalParametersMRDC. It shall not set the FDD/TDD specific fields.
	UE
	Yes
	No
	No

	srb3
Indicates whether the UE supports direct SRB between the SN and the UE as specified in TS 37.340 [7]. The UE shall only set the bit in UE-MRDC-Capability -> generalParametersMRDC. It shall not set the FDD/TDD specific fields. This field is not applied to NE-DC.
	UE
	Yes
	No
	No

	v2x-EUTRA
Indicates whether the UE supports EUTRA V2X according to UE-EUTRA-Capability as defined in TS 36.331 [5], independent of the configured EN-DC band combination. This field is only applied to EN-DC. In UE-NR-Capability, this field is not used, and UE does not include the field.
	UE
	No
	Yes
	No

	timeReferenceProvision
Indicates whether the UE supports provision of time reference message [TimeReferenceInformation] as specified in TS 38.331 [9].
	UE
	No
	No
	No
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