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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2#104 meeting, some agreements for TSN have been achieved as below:
We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 
0.25us granularity can be starting point, FFS finer granularity than 0.25us
In RAN2#105 meeting, use of unicast approach has been confirmed.
Unicast RRC signaling is also used to distribute timing information.
And the granularity of reference time information is extended: 
signalling granularity of reference time information is =<50ns
In this contribution, we discuss how to introduce the reference time information into TS38.331.
Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Contribution [1] agreed in RAN2#103 lists all the changes made in LTE RRC (TS36.331) for time reference provision introduction, which include:
· Actions upon reception of SystemInformationBlockType16;
· Procedure and UE action of receiving time reference information;
· Extension of DLInformationTransfer message to include TimeReferenceInfo-r15 to deliver the time reference;
· Extension of time reference in R16;
· The structure of TimeReferenceInfo IE;
· UE capability of whether support timeReferenceProvision.
In NR, similar content should be introduced in TS38.331.
In NR, SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time. It is suitable for SIB9 to be extended to include the time reference information.
Proposal 1: SIB9 is used to transfer the time reference information by broadcast.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE, whether to introduce a new message to transfer the time reference information in unicast approach has been discussed. And the DLInformationTransfer message is determined to carry such information. In NR, DLInformationTransfer message could also be reused.
Proposal 2: DLInformationTransfer message is used to transfer the time reference information by unicast.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK67][bookmark: OLE_LINK68]Corresponding to the description in TS36.331, the effective reference time will be tied to a specific SFN boundary for both solutions of dedicated signaling and system information, the specific SFN is either at a SI-window end boundary or indicated by the field referenceSFN. The IE of ReferenceTime-r15 is used in both solutions of dedicated signaling and system information, which has the same minimum unit of 0.25 us. In NR, the mechanism could be reused, and improving the accuracy makes no difference between signaling based and system information based reference time delivery solutions [2].
Proposal 3: TimeReferenceInfo-r16 IE is defined in both SIB9 and DLInformationTransfer.
The granularity of time reference information in LTE is 0.25us. But in the discussion on the granularity enhancement in NR, it was agreed by RAN2 that the granularity of timing information provided via RRC signalling (e.g. SIB or unicast RRC message) is at most 50 ns [3].
Proposal 4: The granularity in TimeReferenceInfo-r16 IE is 50 NanoSeconds.
The RRC format of this IE taking into account the above accuracy can be as follows (as captured in the TP provided at the end of this document):
TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo-r16 ::=		SEQUENCE {
	time-r16							ReferenceTime-r16,
	uncertainty-r16						INTEGER (0..12)				OPTIONAL,	-- Need R
	timeInfoType-r16					ENUMERATED {localClock}		OPTIONAL,	-- Need R
	referenceSFN-r16					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	refMilliSeconds-r16					INTEGER (0..999),
	refMicroSeconds-r16					INTEGER (0..999),
	refFiftyNanoSeconds-r16				INTEGER (0..19)
}

-- ASN1STOP

Proposal 5: Adopt the above Information Element format for TimeReferenceInfo-r16 IE.
The capability bit of timeReferenceProvision is introduced to LTE for a finer granularity. In NR, the granularity is smaller than in LTE, the capability bit could be reused to indicate whether the UE support such provision of time reference.
Proposal 6: Add a bit of UE capability to indicate whether to support timeReferenceProvision.
Conclusion
According to the analysis in Section 2, we propose:
Proposal 1: SIB9 is used to transfer the time reference information by broadcast.
Proposal 2: DLInformationTransfer message is used to transfer the time reference information by unicast.
Proposal 3: TimeReferenceInfo-r16 IE is defined in both SIB9 and DLInformationTransfer.
Proposal 4: The granularity in TimeReferenceInfo-r16 IE is 50 NanoSeconds.
Proposal 5: Adopt the above Information Element format for TimeReferenceInfo-r16 IE.
Proposal 6: Add a bit of UE capability to indicate whether to support timeReferenceProvision.
[bookmark: OLE_LINK581]A TP is attached in Annex based on Draft_38331-f50.
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Annex
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]The draft TP is based on Draft_38331-f50.
<<<<<<<<<<<<<<<<<<<<Start of change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc535261158]5.2.2.4.10	Actions upon reception of SIB9
No UE requirements related to the contents of this SIB9 apply other than those specified elsewhere e.g. within procedures using the concerned system information, and/ or within the corresponding field descriptions.Upon receiving SIB9 with timeReferenceInfo, the UE may perform the related actions as specified in subclause 5.7.1.3.

<<<<<<<<<<<<<<<<<<<<Start of next change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc535261317]5.7.1	DL information transfer
[bookmark: _Toc535261318]5.7.1.1	General


Figure 5.7.1.1-1: DL information transfer
The purpose of this procedure is to transfer NAS dedicated information or time reference information from NG-RAN to a UE in RRC_CONNECTED.
[bookmark: _Toc535261319]5.7.1.2	Initiation
The network initiates the DL information transfer procedure whenever there is a need to transfer NAS dedicated information or time reference information. The network initiates the DL information transfer procedure by sending the DLInformationTransfer message.
[bookmark: _Toc535261320]5.7.1.3	Reception of the DLInformationTransfer by the UE
Upon receiving DLInformationTransfer message, the UE shall:
1>	if dedicatedNAS-Message is included:
2>	forward dedicatedNAS-Message to upper layers.
1>	if timeReferenceInfo is included:
2>	calculate the time reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo;
2>	calculate the inaccuracy of the time reference based on the uncertainty and other implementation-related inaccuracies, if uncertainty is included in timeReferenceInfo;
2>	inform upper layers of the time reference and, if uncertainty is included in timeReferenceInfo, of the inaccuracy of the time reference.

[bookmark: _Toc535261357]<<<<<<<<<<<<<<<<<<<<Start of next change >>>>>>>>>>>>>>>>>>>>
–	DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information or time reference information.
Signalling radio bearer: SRB2 or SRB1. If only timeReferenceInfo is included in the message, SRB1 is used. Otherwise, SRB1 is used ( only if SRB2 not established yet. If , and if SRB2 is suspended, the network does not send this message until SRB2 is resumed.)
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
DLInformationTransfer message
-- ASN1START
-- TAG-DLINFORMATIONTRANSFER-START

DLInformationTransfer ::=           SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        dlInformationTransfer           DLInformationTransfer-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

DLInformationTransfer-IEs ::=   SEQUENCE {
    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,
    nonCriticalExtension                DLInformationTransfer-v16xy-IEsSEQUENCE {} OPTIONAL
}

DLInformationTransfer-v16xy-IEs ::= SEQUENCE {
	timeReferenceInfo-r16				TimeReferenceInfo-r16				OPTIONAL,   -- Need N
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

-- TAG-DLINFORMATIONTRANSFER-STOP
-- ASN1STOP

<<<<<<<<<<<<<<<<<<<<Start of next change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc535261399]–	SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START
-- TAG-SIB9-START

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,
    ...,
	[[	timeReferenceInfo-r16				TimeReferenceInfo-r16					OPTIONAL	-- Need R
	]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.



NOTE 1:	The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

<<<<<<<<<<<<<<<<<<<<Start of next change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc510531555]–	TimeReferenceInfo
TimeReferenceInfo information elements
-- ASN1STA

TimeReferenceInfo-r16 ::=		SEQUENCE {
	time-r16							ReferenceTime-r16,
	uncertainty-r16						INTEGER (0..12)				OPTIONAL,	-- Need R
	timeInfoType-r16					ENUMERATED {localClock}		OPTIONAL,	-- Need R
	referenceSFN-r16					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	refMilliSeconds-r16					INTEGER (0..999),
	refMicroSeconds-r16					INTEGER (0..999),
	refFiftyNanoSeconds-r16				INTEGER (0..19)
}

-- ASN1STOP

	TimeReferenceInfo field descriptions

	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN.
If the time field is included in SIB9 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.

	time, timeInfoType
This field indicates time reference with 50 ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 50 ns unit from the origin is refDays*86400*1000*1000*20 + refSeconds*1000*1000*20 + refMilliSeconds*1000*20 +refMicroSeconds*20 + refFiftyNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.

If time field is included in SIB9, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of ValueTag in SIB1.

	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refTenNanoSeconds field. If uncertainty is absent, the uncertainty of refTenNanoSeconds is not specified.



	Conditional presence
	Explanation

	TimeRef
	The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.




<<<<<<<<<<<<<<<<<<<<Start of next change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc535261656][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-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
}

UE-NR-Capability-v1550 ::=               SEQUENCE {
    reducedCP-Latency                        ENUMERATED {supported}                 OPTIONAL,
    nonCriticalExtension                     UE-NR-Capability-v16xySEQUENCE {}                            OPTIONAL
}

UE-NR-Capability-v16xy ::=               SEQUENCE {
    timeReferenceProvision-r16				ENUMERATED {supported}					OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}	                            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.

	timeReferenceProvision
Indicates whether the UE supports provision of time reference in DLInformationTransfer message.



<<<<<<<<<<<<<<<<<<<<End of change >>>>>>>>>>>>>>>>>>>>
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