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1
Introduction

In RAN #83 meeting, the new WID support of NR industrial Internet of Things was agreed [1]. One of objectives for NR TSC-related enhancement is as following:

---------------------------------------------------excerpted from RP-190728----------------------------------------------------

Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104 [RAN2]. 
---------------------------------------------------------------------------------------------------------------------------------------------

In this paper, we provided views and corresponding CR attached regarding on the accurate reference timing delivery from gNB to UE. 

2
Discussion
In the last RAN2#105bis meeting, we reached agreements that unicast RRC signalling should also be used to distribute timing information. Also, the signalling granularity of reference time is at most 50ns while the exact value is still under FFS. In [2], The overall synchronization accuracy analysis is conducted that error between a clock source and UE would be equal to 665ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 25ns(granularity/2)).  Further refining the granularity may bring more bits to SIB9 which will influence the total size of system information message. However, the gain is expected to be marginal compared to the total synchronization error. For example, by further refining the granularity from 50ns to 20ns or even 10ns, the total E2E synchronization error is just improved from 665ns to 650ns or 645ns. Considering the bit size as well as Tc value  (0.509ns), we suggest the granularity could be 32.576ns.
Observation1: Compared with overall synchronization error, the gain by further refining the granularity to smaller value than 50ns is marginal. Granularity of 32.576ns is reasonable.
For accurate time delivery from gNB to UE, the EUTRA Rel-15 signalling solution is agreed to be the baseline. Another issue that needs to be resolved in NR industrial IoT is how to handle synchronization between 5GS and multiple TSN clock domains, which is one of the synchronization requirements defined in [3]. 
If soluiton#28A is adopted (as shown in Figure1 which takes a U-plane solution),TSN time information would be embedded in the u-plane data and invisible from 5G system. As long as UE is well synchronized with gNB based on 5G GM, delivery of multiple TSN time domains is not going to impact RAN interface. We provided an exemplified CR for this solution as attached in the ANNEX A.
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Figure1 (solution 28A): 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization
Observation2: If the new defined solution28A is adopted, delivery of multiple TSN time domains is not going to impact RAN interface (i.e. single time domain delivery is enough). 
However, if solution #11 option 2 defined in [4] is adopted (i.e. 5GS act as boundary clock that conveys TSN time info to the UE as shown in Figure 2), it is necessary to introduce multiple TSN time information in SIB9 for broadcasting approach. For further studying how to support multiple TSN time information by solution#11 option2, the following combinations can be considered.
· Opt.1: Broadcast signalling only, i.e., introduce multiple TSN time information in SIB9 

· Opt.2: Unicast signalling only, i.e., introduce multiple TSN time by delivering time info to each UE by each RRC message
· Opt.3: Both Broadcast signalling and unicast signalling.
A comparison between unicast and broadcast signalling for multiple TSN time information delivery is summarized in Table1, we are open to discuss on which option is efficient and how the signalling structure should be designed for supporting multiple TSN time domains. We also provided an exemplified CR as attached in the ANNEX B.
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Figure 2 (solution 11.2): Overview for time synchronization with external clock mode approach 
                                 Table1: Comparison between unicast and broadcast signalling
	
	Pros
	Cons

	Broadcast signalling
	Small overhead and resource usage efficiency from system perspective
	1.    Inflexible, need to take into account the all UEs 

2.    large overhead to accommodate all multi domain of TSN time
3.    security, reliability and coverage issue due to large overhead

4.    Non-forward compatible

	Unicast signalling
	1.    Flexible/ Customized based on UE’s requirements 

2.    Forward compatible (easy to extend to any number of TSN time information)

3.    Small overhead and resource usage efficiency from a UE perspective
	Potential large overhead from system perspective to support multiple UEs requiring multi-domain TSN time info.


Observation3: If solution 11.2 is adopted, signalling solution which handles synchronization between 5GS and multiple TSN clock domains need to be considered. 

Proposal1: RAN2 discuss on the exemplified broadcast/unicast RRC signalling CR attached in the ANNEX A and B.
Proposal2: If solution 11.2 is adopted, RAN2 down-select the following options to support synchronization between 5GS and multiple TSN clock domains.

· Opt.1: Only use broadcast signalling

· Opt.2: Only use Unicast signalling
· Opt.3: Use both Broadcast signalling and unicast signalling
3. Conclusion

Based on the discussion in the previous sections, we made the following observations and proposals: 
Observation1: Compared with overall synchronization error, the gain by further refining the granularity to smaller value than 50ns is marginal. Granularity of 32.576ns is reasonable.
Observation2: If the new defined solution28A is adopted, delivery of multiple TSN time domains is not going to impact RAN interface (i.e. single time domain delivery is enough). 
Observation3: If solution 11.2 is adopted, signalling solution which handles synchronization between 5GS and multiple TSN clock domains need to be considered. 
Proposal1: RAN2 discuss on the exemplified broadcast/unicast RRC signalling CR attached in the ANNEX A and B.
Proposal2: If solution 11.2 is adopted, RAN2 down-select the following options to support synchronization between 5GS and multiple TSN clock domains.
· Opt.1: Only use broadcast signalling

· Opt.2: Only use unicast signalling
· Opt.3: Use both broadcast signalling and unicast signalling
4. References
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[2] R2-1902777_TR 38.825 Study on NR Industrial Internet of Things (IoT)
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5. ANNEX A 
Start of  changes ①
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 OR


]]
}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time.

	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 estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of SIBValueTag 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).
End of  changes

Start of  changes ②
 TimeReferenceInfo

TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo-r16 ::=

SEQUENCE {


time-r16






ReferenceTime-r16,


uncertainty-r16





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r16




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


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),


refNanoSeconds-r16     


INTEGER (0..32000)

}

-- 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. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
If the time field is included in SystemInformationBlockType16 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 SystemInformationBlockType16 is transmitted.

	time, timeInfoType
This field indicates time reference with 32.576ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 32.576ns unit from the origin is refDays*86400*1000*32000 + refSeconds*1000*32000 + refMilliSeconds*32000 + refNanoSeconds. 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 systemInfoValueTag in SIB1.

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


	Conditional presence
	Explanation

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


End of  changes

Start of  changes ③
5.2.2.4.10
Actions upon reception of SIB9

Upon receiving SIB9 with timeReferenceInfoList, the UE shall:
1>
if timeReferenceInfoList is included:

2> if the timeIdentifier is notified by upper layers:


3> select the timeReferenceInfo associated with the timeIdentifier:
4>
calculate the time reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo;

4> calculate the inaccuracy of the time reference based on the uncertainty and other implementation-related inaccuracies, if uncertainty is included in timeReferenceInfo;

4>
inform upper layers of the time reference and, if uncertainty is included in timeReferenceInfo, of the inaccuracy of the time reference.
End of  changes

Start of  changes ④
DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information or time reference information.
NOTE:
The UE may use the time reference information provided in the timeReferenceInfo IE for numerous purposes, possibly involving upper layers e.g. to synchronise the UE clock.
Signalling radio bearer: SRB2 or SRB1 (only if SRB2 not established yet. 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                SEQUENCE {} OPTIONAL
}
DLInformationTransfer-r16-IEs ::=   SEQUENCE {

    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    timeReferenceInfo-r16               TimeReferenceInfo-r16               OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                SEQUENCE {} OPTIONAL
}
-- TAG-DLINFORMATIONTRANSFER-STOP

-- ASN1STOP

End of  changes

Start of  changes ⑤
5.7.1
DL information transfer

5.7.1.1
General
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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.

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.

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.

End of  changes

ANNEX B

Start of  changes ①
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



TimeReferenceInfoList-r16
OPTIONAL
-- Need OR


]]
}

-- TAG-SIB9-STOP

-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time.

	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 estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of SIBValueTag 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).

End of  changes

Start of  changes ②
TimeReferenceInfoList
TimeReferenceInfoList  information elements
-- ASN1START

TimeReferenceInfoList-r16 ::=
SEQUENCE(SIZE (1..maxNrofMultiClocks)) OF TimeReferenceInfo-r16  
TimeReferenceInfo-r16 ::=

SEQUENCE {


time-r16






ReferenceTime-r16,          OPTIONAL,
-- Need OR
    timeOffset-r16                      ReferenceTime-r16,          OPTIONAL,
-- Need OR
    timeIdentifier-r16




INTEGER (0..32)             OPTIONAL,
-- Need OR

uncertainty-r16





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r16




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


referenceSFN-r16




INTEGER (0..1023)


OPTIONAL

}

ReferenceTime-r16 ::=


SEQUENCE {

refDays-r16






INTEGER (0..72999),


refSeconds-r16





INTEGER (0..86399),


refMilliSeconds-r16




INTEGER (0..999),


refNanoSeconds-r16


INTEGER (0..32000)

}

-- 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. The UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received.
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  50ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 50ns unit from the origin is refDays*86400*1000*32000 + refSeconds*1000*32000 + refMilliSeconds*32000 + refNanoSeconds. 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 using Short Message transmitted with P-RNTI over DCI

	timeIdentifier
This field indicates the identifiers for multiple TSN clock time. The indicated identifier is associated with time. If the field is set as 0, it indicates the association with 5G GM clock time.

	timeOffset

This field indicates the time offset value. This value can be used to represent multiple TSN time domains.

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


End of  changes

Start of  changes ③
-- ASN1START

-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START

maxBandComb                             INTEGER ::= 65536   -- Maximum number of DL band combinations

maxCellBlack                            INTEGER ::= 16      -- Maximum number of NR blacklisted cell ranges in SIB3, SIB4

maxCellInter                            INTEGER ::= 16      -- Maximum number of inter-Freq cells listed in SIB4

maxCellIntra                            INTEGER ::= 16      -- Maximum number of intra-Freq cells listed in SIB3

maxCellMeasEUTRA                        INTEGER ::= 32      -- Maximum number of cells in E-UTRAN

maxEARFCN                               INTEGER ::= 262143  -- Maximum value of E-UTRA carrier frequency

maxEUTRA-CellBlack                      INTEGER ::= 16      -- Maximum number of E-UTRA-blacklisted physical cell identity ranges in SIB5

maxEUTRA-NS-Pmax                        INTEGER ::= 8       -- Maximum number of NS and P-Max values per band

maxMultiBands                           INTEGER ::= 8       -- Maximum number of additional frequency bands that a cell belongs to

maxNARFCN                               INTEGER ::= 3279165 -- Maximum value of NR carrier frequency

maxNR-NS-Pmax                           INTEGER ::= 8       -- Maximum number of NS and P-Max values per band

maxNrofServingCells                     INTEGER ::= 32      -- Max number of serving cells (SpCells + SCells)

maxNrofServingCells-1                   INTEGER ::= 31      -- Max number of serving cells (SpCell + SCells) per cell group

maxNrofAggregatedCellsPerCellGroup      INTEGER ::= 16

maxNrofSCells                           INTEGER ::= 31      -- Max number of secondary serving cells per cell group

maxNrofCellMeas                         INTEGER ::= 32      -- Maximum number of entries in each of the cell lists in a measurement object

maxNrofSS-BlocksToAverage               INTEGER ::= 16      -- Max number for the (max) number of SS blocks to average to determine cell

                                                            -- measurement

maxNrofCSI-RS-ResourcesToAverage        INTEGER ::= 16      -- Max number for the (max) number of CSI-RS to average to determine cell

                                                            -- measurement

maxNrofDL-Allocations                   INTEGER ::= 16      -- Maximum number of PDSCH time domain resource allocations

maxNrofSR-ConfigPerCellGroup            INTEGER ::= 8       -- Maximum number of SR configurations per cell group

maxLCG-ID                               INTEGER ::= 7       -- Maximum value of LCG ID

maxLC-ID                                INTEGER ::= 32      -- Maximum value of Logical Channel ID

maxNrofTAGs                             INTEGER ::= 4       -- Maximum number of Timing Advance Groups

maxNrofTAGs-1                           INTEGER ::= 3       -- Maximum number of Timing Advance Groups minus 1

maxNrofBWPs                             INTEGER ::= 4       -- Maximum number of BWPs per serving cell

maxNrofCombIDC                          INTEGER ::= 128     -- Maximum number of reported MR-DC combinations for IDC

maxNrofSymbols-1                        INTEGER ::= 13      -- Maximum index identifying a symbol within a slot (14 symbols, indexed from 0..13)

maxNrofSlots                            INTEGER ::= 320     -- Maximum number of slots in a 10 ms period

maxNrofSlots-1                          INTEGER ::= 319     -- Maximum number of slots in a 10 ms period minus 1

maxNrofPhysicalResourceBlocks           INTEGER ::= 275     -- Maximum number of PRBs

maxNrofPhysicalResourceBlocks-1         INTEGER ::= 274     -- Maximum number of PRBs minus 1

maxNrofPhysicalResourceBlocksPlus1      INTEGER ::= 276     -- Maximum number of PRBs plus 1

maxNrofControlResourceSets-1            INTEGER ::= 11      -- Max number of CoReSets configurable on a serving cell minus 1

maxCoReSetDuration                      INTEGER ::= 3       -- Max number of OFDM symbols in a control resource set

maxNrofSearchSpaces-1                   INTEGER ::= 39      -- Max number of Search Spaces minus 1

maxSFI-DCI-PayloadSize                  INTEGER ::= 128     -- Max number payload of a DCI scrambled with SFI-RNTI

maxSFI-DCI-PayloadSize-1                INTEGER ::= 127     -- Max number payload of a DCI scrambled with SFI-RNTI minus 1

maxINT-DCI-PayloadSize                  INTEGER ::= 126     -- Max number payload of a DCI scrambled with INT-RNTI

maxINT-DCI-PayloadSize-1                INTEGER ::= 125     -- Max number payload of a DCI scrambled with INT-RNTI minus 1

maxNrofRateMatchPatterns                INTEGER ::= 4       -- Max number of rate matching patterns that may be configured

maxNrofRateMatchPatterns-1              INTEGER ::= 3       -- Max number of rate matching patterns that may be configured minus 1

maxNrofRateMatchPatternsPerGroup        INTEGER ::= 8       -- Max number of rate matching patterns that may be configured in one group

maxNrofCSI-ReportConfigurations         INTEGER ::= 48      -- Maximum number of report configurations

maxNrofCSI-ReportConfigurations-1       INTEGER ::= 47      -- Maximum number of report configurations minus 1

maxNrofCSI-ResourceConfigurations       INTEGER ::= 112     -- Maximum number of resource configurations

maxNrofCSI-ResourceConfigurations-1     INTEGER ::= 111     -- Maximum number of resource configurations minus 1

maxNrofAP-CSI-RS-ResourcesPerSet        INTEGER ::= 16

maxNrOfCSI-AperiodicTriggers            INTEGER ::= 128     -- Maximum number of triggers for aperiodic CSI reporting

maxNrofReportConfigPerAperiodicTrigger  INTEGER ::= 16      -- Maximum number of report configurations per trigger state for aperiodic reporting

maxNrofNZP-CSI-RS-Resources             INTEGER ::= 192     -- Maximum number of Non-Zero-Power (NZP) CSI-RS resources

maxNrofNZP-CSI-RS-Resources-1           INTEGER ::= 191     -- Maximum number of Non-Zero-Power (NZP) CSI-RS resources minus 1

maxNrofNZP-CSI-RS-ResourcesPerSet       INTEGER ::= 64      -- Maximum number of NZP CSI-RS resources per resource set

maxNrofNZP-CSI-RS-ResourceSets          INTEGER ::= 64      -- Maximum number of NZP CSI-RS resources per cell

maxNrofNZP-CSI-RS-ResourceSets-1        INTEGER ::= 63      -- Maximum number of NZP CSI-RS resources per cell minus 1

maxNrofNZP-CSI-RS-ResourceSetsPerConfig INTEGER ::= 16      -- Maximum number of resource sets per resource configuration

maxNrofNZP-CSI-RS-ResourcesPerConfig    INTEGER ::= 128     -- Maximum number of resources per resource configuration

maxNrofZP-CSI-RS-Resources              INTEGER ::= 32      -- Maximum number of Zero-Power (NZP) CSI-RS resources

maxNrofZP-CSI-RS-Resources-1            INTEGER ::= 31      -- Maximum number of Zero-Power (NZP) CSI-RS resources minus 1

maxNrofZP-CSI-RS-ResourceSets-1         INTEGER ::= 15

maxNrofZP-CSI-RS-ResourcesPerSet        INTEGER ::= 16

maxNrofZP-CSI-RS-ResourceSets           INTEGER ::= 16

maxNrofCSI-IM-Resources                 INTEGER ::= 32      -- Maximum number of CSI-IM resources. See CSI-IM-ResourceMax in 38.214.

maxNrofCSI-IM-Resources-1               INTEGER ::= 31      -- Maximum number of CSI-IM resources minus 1. See CSI-IM-ResourceMax in 38.214.

maxNrofCSI-IM-ResourcesPerSet           INTEGER ::= 8       -- Maximum number of CSI-IM resources per set. See CSI-IM-ResourcePerSetMax in 38.214

maxNrofCSI-IM-ResourceSets              INTEGER ::= 64      -- Maximum number of NZP CSI-IM resources per cell

maxNrofCSI-IM-ResourceSets-1            INTEGER ::= 63      -- Maximum number of NZP CSI-IM resources per cell minus 1

maxNrofCSI-IM-ResourceSetsPerConfig     INTEGER ::= 16      -- Maximum number of CSI IM resource sets per resource configuration

maxNrofCSI-SSB-ResourcePerSet           INTEGER ::= 64      -- Maximum number of SSB resources in a resource set

maxNrofCSI-SSB-ResourceSets             INTEGER ::= 64      -- Maximum number of CSI SSB resource sets per cell

maxNrofCSI-SSB-ResourceSets-1           INTEGER ::= 63      -- Maximum number of CSI SSB resource sets per cell minus 1

maxNrofCSI-SSB-ResourceSetsPerConfig    INTEGER ::= 1       -- Maximum number of CSI SSB resource sets per resource configuration

maxNrofFailureDetectionResources        INTEGER ::= 10      -- Maximum number of failure detection resources

maxNrofFailureDetectionResources-1      INTEGER ::= 9       -- Maximum number of failure detection resources minus 1

maxNrofObjectId                         INTEGER ::= 64      -- Maximum number of measurement objects

maxNrofPageRec                          INTEGER ::= 32      -- Maximum number of page records

maxNrofPCI-Ranges                       INTEGER ::= 8       -- Maximum number of PCI ranges

maxPLMN                                 INTEGER ::= 12      -- Maximum number of PLMNs broadcast and reported by UE at establisghment

maxNrofCSI-RS-ResourcesRRM              INTEGER ::= 96      -- Maximum number of CSI-RS resources for an RRM measurement object

maxNrofCSI-RS-ResourcesRRM-1            INTEGER ::= 95      -- Maximum number of CSI-RS resources for an RRM measurement object minus 1

maxNrofMeasId                           INTEGER ::= 64      -- Maximum number of configured measurements

maxNrofQuantityConfig                   INTEGER ::= 2       -- Maximum number of quantity configurations

maxNrofCSI-RS-CellsRRM                  INTEGER ::= 96      -- Maximum number of FFS

maxNrofSRS-ResourceSets                 INTEGER ::= 16      -- Maximum number of SRS resource sets in a BWP.

maxNrofSRS-ResourceSets-1               INTEGER ::= 15      -- Maximum number of SRS resource sets in a BWP minus 1.

maxNrofSRS-Resources                    INTEGER ::= 64      -- Maximum number of SRS resources.

maxNrofSRS-Resources-1                  INTEGER ::= 63      -- Maximum number of SRS resources in an SRS resource set minus 1.

maxNrofSRS-ResourcesPerSet              INTEGER ::= 16      -- Maximum number of SRS resources in an SRS resource set

maxNrofSRS-TriggerStates-1              INTEGER ::= 3       -- Maximum number of SRS trigger states minus 1, i.e., the largest code point.

maxNrofSRS-TriggerStates-2              INTEGER ::= 2       -- Maximum number of SRS trigger states minus 2.

maxRAT-CapabilityContainers             INTEGER ::= 8       -- Maximum number of interworking RAT containers (incl NR and MRDC)

maxSimultaneousBands                    INTEGER ::= 32      -- Maximum number of simultaneously aggregated bands

maxNrofSlotFormatCombinationsPerSet     INTEGER ::= 512     -- Maximum number of Slot Format Combinations in a SF-Set.

maxNrofSlotFormatCombinationsPerSet-1   INTEGER ::= 511     -- Maximum number of Slot Format Combinations in a SF-Set minus 1.

maxNrofPUCCH-Resources                  INTEGER ::= 128

maxNrofPUCCH-Resources-1                INTEGER ::= 127

maxNrofPUCCH-ResourceSets               INTEGER ::= 4       -- Maximum number of PUCCH Resource Sets

maxNrofPUCCH-ResourceSets-1             INTEGER ::= 3       -- Maximum number of PUCCH Resource Sets minus 1.

maxNrofPUCCH-ResourcesPerSet            INTEGER ::= 32      -- Maximum number of PUCCH Resources per PUCCH-Resour©ceSet

maxNrofPUCCH-P0-PerSet                  INTEGER ::= 8       -- Maximum number of P0-pucch present in a p0-pucch set

maxNrofPUCCH-PathlossReferenceRSs       INTEGER ::= 4       -- Maximum number of RSs used as pathloss reference for PUCCH power control.

maxNrofPUCCH-PathlossReferenceRSs-1     INTEGER ::= 3       -- Maximum number of RSs used as pathloss reference for PUCCH power control minus 1.

maxNrofP0-PUSCH-AlphaSets               INTEGER ::= 30      -- Maximum number of P0-pusch-alpha-sets (see 38,213, clause 7.1)

maxNrofP0-PUSCH-AlphaSets-1             INTEGER ::= 29      -- Maximum number of P0-pusch-alpha-sets minus 1 (see 38,213, clause 7.1)

maxNrofPUSCH-PathlossReferenceRSs       INTEGER ::= 4       -- Maximum number of RSs used as pathloss reference for PUSCH power control.

maxNrofPUSCH-PathlossReferenceRSs-1     INTEGER ::= 3       -- Maximum number of RSs used as pathloss reference for PUSCH power control minus 1.

maxNrofNAICS-Entries                    INTEGER ::= 8       -- Maximum number of supported NAICS capability set

maxBands                                INTEGER ::= 1024    -- Maximum number of supported bands in UE capability.

maxBandsMRDC                            INTEGER ::= 1280

maxBandsEUTRA                           INTEGER ::= 256

maxCellReport                           INTEGER ::= 8

maxDRB                                  INTEGER ::= 29      -- Maximum number of DRBs (that can be added in DRB-ToAddModLIst).

maxFreq                                 INTEGER ::= 8       -- Max number of frequencies.

maxFreqIDC-MRDC                         INTEGER ::= 32      -- Maximum number of candidate NR frequencies for MR-DC IDC indication

maxNrofCSI-RS                           INTEGER ::= 64

maxNrofCandidateBeams                   INTEGER ::= 16      -- Max number of PRACH-ResourceDedicatedBFR that in BFR config.

maxNrofPCIsPerSMTC                      INTEGER ::= 64      -- Maximun number of PCIs per SMTC.

maxNrofQFIs                             INTEGER ::= 64

maxNrOfSemiPersistentPUSCH-Triggers     INTEGER ::= 64      -- Maximum number of triggers for semi persistent reporting on PUSCH

maxNrofSR-Resources                     INTEGER ::= 8       -- Maximum number of SR resources per BWP in a cell.

maxNrofSlotFormatsPerCombination        INTEGER ::= 256

maxNrofSpatialRelationInfos             INTEGER ::= 8

maxNrofIndexesToReport                  INTEGER ::= 32

maxNrofIndexesToReport2                 INTEGER ::= 64

maxNrofSSBs                             INTEGER ::= 64      -- Maximum number of SSB resources in a resource set.

maxNrofSSBs-1                           INTEGER ::= 63      -- Maximum number of SSB resources in a resource set minus 1.

maxNrofS-NSSAI                          INTEGER ::= 8       -- Maximum number of S-NSSAI.

maxNrofTCI-StatesPDCCH                  INTEGER ::= 64

maxNrofTCI-States                       INTEGER ::= 128     -- Maximum number of TCI states.

maxNrofTCI-States-1                     INTEGER ::= 127     -- Maximum number of TCI states minus 1.

maxNrofUL-Allocations                   INTEGER ::= 16      -- Maximum number of PUSCH time domain resource allocations.

maxQFI                                  INTEGER ::= 63

maxRA-CSIRS-Resources                   INTEGER ::= 96

maxRA-OccasionsPerCSIRS                 INTEGER ::= 64      -- Maximum number of RA occasions for one CSI-RS

maxRA-Occasions-1                       INTEGER ::= 511     -- Maximum number of RA occasions in the system

maxRA-SSB-Resources                     INTEGER ::= 64

maxSCSs                                 INTEGER ::= 5

maxSecondaryCellGroups                  INTEGER ::= 3

maxNrofServingCellsEUTRA                INTEGER ::= 32

maxMBSFN-Allocations                    INTEGER ::= 8

maxNrofMultiBands                       INTEGER ::= 8
maxCellSFTD                             INTEGER ::= 3       -- Maximum number of cells for SFTD reporting

maxReportConfigId                       INTEGER ::= 64

maxNrofCodebooks                        INTEGER ::= 16      -- Maximum number of codebooks suppoted by the UE

maxNrofCSI-RS-Resources                 INTEGER ::= 7       -- Maximum number of codebook resources supported by the UE

maxNrofSRI-PUSCH-Mappings               INTEGER ::= 16

maxNrofSRI-PUSCH-Mappings-1             INTEGER ::= 15

maxSIB                                  INTEGER::= 32       -- Maximum number of SIBs

maxSIB-1                                INTEGER::= 31

maxSI-Message                           INTEGER::= 32       -- Maximum number of SI messages

maxPO-perPF                             INTEGER ::= 4       -- Maximum number of paging occasion per paging frame

maxAccessCat-1                          INTEGER ::= 63      -- Maximum number of Acccess Categories minus 1

maxBarringInfoSet                       INTEGER ::= 8       -- Maximum number of Acccess Categories

maxCellEUTRA                            INTEGER ::= 8       -- Maximum number of E-UTRA cells in SIB list

maxEUTRA-Carrier                        INTEGER ::= 8       -- Maximum number of E-UTRA carriers in SIB list

maxPLMNIdentities                       INTEGER ::= 8       -- Maximum number of PLMN identites in RAN area configurations

maxDownlinkFeatureSets                  INTEGER ::= 1024    -- (for NR DL) Total number of FeatureSets (size of the pool)

maxUplinkFeatureSets                    INTEGER ::= 1024    -- (for NR UL) Total number of FeatureSets (size of the pool)

maxEUTRA-DL-FeatureSets                 INTEGER ::= 256     -- (for E-UTRA) Total number of FeatureSets (size of the pool)

maxEUTRA-UL-FeatureSets                 INTEGER ::= 256     -- (for E-UTRA) Total number of FeatureSets (size of the pool)

maxFeatureSetsPerBand                   INTEGER ::= 128     -- (for NR) The number of feature sets associated with one band.

maxPerCC-FeatureSets                    INTEGER ::= 1024    -- (for NR) Total number of CC-specific FeatureSets (size of the pool)

maxFeatureSetCombinations               INTEGER ::= 1024    -- (for MR-DC/NR)Total number of Feature set combinations (size of the pool)

maxInterRAT-RSTD-Freq                   INTEGER ::= 3

maxNrofMultiClocks　　　　　　　　　　　　　INTEGER ::= 32
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP

-- ASN1STOP

End of  changes

Start of  changes ④
5.2.2.4.10
Actions upon reception of SIB9

Upon receiving SIB9 with timeReferenceInfoList, the UE shall:
1>
if timeReferenceInfoList is included:

2> if the timeIdentifier is notified by upper layers:


3> select the timeReferenceInfo associated with the timeIdentifier:
4>
calculate the time reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo;

4> calculate the inaccuracy of the time reference based on the uncertainty and other implementation-related inaccuracies, if uncertainty is included in timeReferenceInfo;

4>
inform upper layers of the time reference and, if uncertainty is included in timeReferenceInfo, of the inaccuracy of the time reference.

End of  changes

Start of  changes ⑤
DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information or time reference information.
NOTE:
The UE may use the time reference information provided in the timeReferenceInfo IE for numerous purposes, possibly involving upper layers e.g. to synchronise the UE clock.
Signalling radio bearer: SRB2 or SRB1 (only if SRB2 not established yet. 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                SEQUENCE {} OPTIONAL
}
DLInformationTransfer-r16-IEs ::=   SEQUENCE {

    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    timeReferenceInfo-r16               TimeReferenceInfoList-r16               OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                SEQUENCE {} OPTIONAL
}
-- TAG-DLINFORMATIONTRANSFER-STOP

-- ASN1STOP

End of  changes

Start of  changes ⑥
5.7.1
DL information transfer

5.7.1.1
General
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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.

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.

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.

End of  changes
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