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1   Introduction
In RAN2#100, a decision was taken on the handling of measurement gaps in the NSA case.  The basic approach is as follows (from the chair notes):

Agreements:

1
For case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration.

2
For the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2:


a/
NR RRC configures a measurement gap configuration for FR2. 


b/ 
LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies

Agreements:

1
In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration.

2
For Dec 17, adopt a solution where:


a/ For case of a single gap case the network always configures per UE gaps if the UE is configured to measure any inter-freq or inter-RAT carrier or intra-freq cases where gaps are required.


b/ For the independent gap case the network always configures for the LTE/FR1 gaps if the UE is configured to measure any carrier within the FR1 range, and network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range.

3
For the independent gap case once EN-DC is setup:


a/
the MN should inform the measurement gap pattern configuration on FR1 to the SN


b/ 
the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided 


c/ 
the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided

FFS What assistance information is required

4
For the per UE gap case once EN-DC is setup:


a/
the MN should inform the measurement gap pattern configuration to the SN


b/ 
 the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided

5
Capability is added to indicate support for independent gap configuration for FR1 and FR2

This set of decisions has some consequences that are specific to EN-DC, and a measurement gap solution for the SA case is still needed.  In addition, signalling details of the measurement gap configuration were not captured and are still needed in the ASN.1 (for both 36.331 and 38.331).
With respect to the measurement gap pattern itself, RAN4 gave the following information:

· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 

· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR

· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.

· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.
· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap. 

At RAN4#85, RAN4 sent further information in [2], clarifying the applicability of the specific measurement gaps to different scenarios and defining the gap lengths and repetition periods for the gap patterns.

In this document, we would like to discuss the specification impact of measurement gap coordination, particularly for the standalone case. 
2   Discussion
2.1   Signalling for the SA and NSA cases

In the standalone case, NR may be operating in either the FR1 or the FR2 range or both, and need to configure inter-frequency measurements.  It follows that the intra-NR measurement signalling needs to be able to configure gaps for either FR1 or FR2, or both (in contrast to the NSA case where gaps are only needed for FR2 since the LTE side signals the gaps for FR1).  It is clear that both gap patterns need to be signalled somewhere in the measurement configuration.
Proposal 1: The measurement configuration in NR can contain two MeasGapConfig IEs.
In the independent gap case, the UE needs to know which gap to apply for which measurements.  It would be possible to hardcode the usage of the correct gap pattern in the specification (“If the frequency is above 24 GHz, the UE shall apply gap pattern 2”).  However, we generally avoid explicit frequency dependencies in RAN2 specifications, and it seems more in line with normal practice and also more future-proof to indicate the used measurement gap pattern with an index in the MeasObject IE.

Proposal 2: An index for the MeasGapConfig is added into the MeasObject IE in NR RRC specification. 
Clearly for non-standalone cases, there is no situation where LTE needs to signal a measurement gap for use with FR2.  Furthermore, in case LTE (not in EN-DC) configures measurements towards NR, it should always be possible to measure FR2 without gaps.  Thus there is no need for LTE by itself to be able to configure independent gaps even in case the UE supports them, provided RAN2 are content with the restrictions imposed by the current EN-DC scheme (e.g. FR2 measurements must always be configured through NR RRC).  The only impact on LTE signalling is to provide the new measurement gap configurations for use towards LTE and FR1.  Considering the relative complexity of the NR measurement gap configuration, it may be most expedient to signal it as a new IE (MeasGapConfigNR in the TP below).  Taking into account the RAN4 guidance in [2], it seems that the LTE ASN.1 only needs to be able to signal gap patterns 0 through 11, since the rest are applicable to FR2 only.
Proposal 3: Capture the NR measurement gap configurations 0 through 11 as a new IE in the LTE ASN.1.
Per the guidance of RAN4, the measurement gap offset should be in units of the maximum​-length slot with which the UE is configured.  For gaps configured by the LTE side this would always mean units of 1 ms, but for standalone NR the maximum-length slot could be shorter; in the case of a UE operating only on FR2, it could be as short as the NR minimum slot length (32 slots per subframe, per Table 4.3.2-1 of TS 38.211).  Thus the gap patterns should be signalled with offsets in units of ms*32. The network can align the signalled value to the granularity of the maximum slot length configured for the particular UE.  The measurement gap lengths, which define the range of the measurement gap offsets, are provided in [2].
Proposal 4: Describe the measurement gap offsets in units of ms for LTE, and units of ms*32 for NR.

Note that Proposal 4 is not perfectly optimal, in the sense that it would be possible to use coarser units in the NR signalling for the measurement gap patterns that are applicable to LTE/FR1 (patterns 0-11), and save a few bits of signalling.  However, we consider that the advantage in clarity of having consistent units for the MeasGapConfig IE outweighs the potential gain in efficiency, thus we propose to use units of ms*32 consistently in the NR signalling.
2.2   UE capability for independent gaps

RAN4 indicated and RAN2 agreed that a UE capability should be established for the use of independent measurement gap patterns.  This was captured as a flag in the MR-DC capability, but it seems also necessary to have the indication for the intra-NR case.  We see two alternatives: Either it is always assumed that the MR-DC flag represents the intra-NR capability, or an additional flag is introduced in UE-NR-Capability.
If the MR-DC capability is used, it forces the network to request the MR-DC capability even in standalone NR cases where the network has no intention of using MR-DC.  (It also creates problems in case there would eventually be NR UEs without MR-DC support.)  Thus we consider it somewhat better to have independent signalling for the intra-NR case.
Proposal 5: Add signalling to the NR UE capability for indicating the support of independent measurement gaps in the intra-NR case.
2.3   Intra-frequency measurements

In addition to inter-frequency/inter-RAT measurement, measurement gap could also be needed for intra-frequency measurement as noted in [1], including the case that the target SS block is outside the UE’s active bandwidth part, and potentially the case that UE’s Rx beams for the serving cell and for the intra-frequency neighbor cell could be different and the UE may need to switch its Rx beam to the neighbor cell. Thus for an intra-frequency measurement object, a gap may be configured for an individual cell if needed. 
Proposal 6: For the intra-frequency measurement, a measurement gap could be configured for one or several individual cells of one measurement object if needed.  This is realised by optionally signalling an index for the MeasGapConfig as part of the intra-frequency measurement object, associated with a list of the PCIs for which the gap applies.
According to [1], there are expected to be 24 measurement gap patterns in NR.  We expect that a similar structure to the MeasGapConfig in LTE can be introduced, with a CHOICE of all the possible patterns and a value range giving the gap offset for each choice corresponding to the length of the MGRP.  The text proposal in section 3 reflects this.
2.4   Gap deactivation considering BWP

Considering the BWP activation/deactivation is performed by L1 dynamically, if the UE is configured with multiple BWPs, the GAP configuration is always needs for the UE to perform measurement on cell defining SSB. However, if the active BWP of the UE includes the cell defining SSB, the GAP is not needed even if it is configured at least for sub 6GHz. In that case the network and the UE could autonomously deactivate the GAP if the cell defining SSB is included in the active BWP to reduce the interruption time due to GAP. 

Proposal 7: the network and the UE could autonomously deactivate the GAP if the cell defining SSB is included active BWP to reduce the interruption time due to GAP.
3   NR Text Proposal
The ASN.1 structure to capture the proposals above in TS 38.331 could be as follows:

–
MeasConfig

The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.

MeasConfig information element

-- ASN1START

-- TAG-MEAS-CONFIG-START

MeasConfig ::=






SEQUENCE {


-- Measurement objects


measObjectToRemoveList




MeasObjectToRemoveList










OPTIONAL,


measObjectToAddModList




MeasObjectToAddModList










OPTIONAL,


-- Reporting configurations


reportConfigToRemoveList



ReportConfigToRemoveList









OPTIONAL,


reportConfigToAddModList



ReportConfigToAddModList









OPTIONAL,


-- Measurement identities


measIdToRemoveList





MeasIdToRemoveList











OPTIONAL,


measIdToAddModList





MeasIdToAddModList











OPTIONAL,


-- Other parameters


-- s-Measure config


s-MeasureConfig






CHOICE {



ssb-rsrp







RSRP-Range,









csi-rsrp







RSRP-Range








} 

























OPTIONAL,



measGapConfig1






MeasGapConfig












OPTIONAL,


measGapConfig2






MeasGapConfig












OPTIONAL
}

MeasObjectToRemoveList ::=



SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=




SEQUENCE (SIZE (1..maxMeasId)) OF MeasId

ReportConfigToRemoveList ::=


SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- TAG-MEAS-CONFIG-STOP

-- ASN1STOP

Editor’s Note: FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15.

Editor’s Note: FFS Whether measScaleFactor (or equivalent) is supported in Rel-15.

Editor’s Note: FFS How to support allowInterruptions in NR (RAN4 input needed) in Rel-15.

Editor’s Note: FFS Whether quantityConfig is configured per MeasConfig or MeasObject.

Editor’s Note: FFS where to add RLM related parameters: rlm-ResourceConfigCSI-RS, rlm-ResourceConfigSS

	MeasConfig field descriptions

	measGapConfig1
Primary measurement gap configuration for intra-NR measurements.

	measGapConfig2

Secondary measurement gap configuration for intra-NR measurements.

	measIdToAddModList

List of measurement identities

	measIdToRemoveList

List of measurement identities to remove

	measObjectToAddModList

List of measurement objects to add and/or modify

	measObjectToRemoveList

List of measurement objects to remove.

	reportConfigToRemoveList 

List of measurement reporting configurations to remove.

	s-MeasureConfig

Threshold for PCell or PSCell (when UE is in EN-DC) RSRP measurement controlling when the UE is required to perform measurements associated to neighbouring cells. Choice of ssb-rsrp corresponds to cell RSRP based on SS/PBCH block and choice of csi-rsrp corresponds to cell RSRP of CSI-RS.


[…]

–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration for SS/PBCH block(s) intra/inter-frequency measurements or CSI-RS intra/inter-frequency measurements.

MeasGapConfig information element

-- ASN1START

-- TAG-MEAS-GAP-CONFIG-START

MeasGapConfig ::=





CHOICE {

release








NULL,


setup








SEQUENCE {



gapOffset







CHOICE {




gp0









INTEGER (0..ms40InSlots-1),




gp1









INTEGER (0..ms80InSlots-1),




gp2









INTEGER (0..ms40InSlots-1),




gp3









INTEGER (0..ms80InSlots-1),



gp4









INTEGER (0..ms20InSlots-1),




gp5









INTEGER (0..ms160InSlots-1),




gp6









INTEGER (0..ms20InSlots-1),




gp7









INTEGER (0..ms40InSlots-1),




gp8









INTEGER (0..ms80InSlots-1),




gp9









INTEGER (0..ms160InSlots-1),




gp10








INTEGER (0..ms20InSlots-1),




gp11








INTEGER (0..ms160InSlots-1),




gp12








INTEGER (0..ms20InSlots-1),




gp13








INTEGER (0..ms40InSlots-1),




gp14








INTEGER (0..ms80InSlots-1),




gp15








INTEGER (0..ms160InSlots-1),




gp16








INTEGER (0..ms20InSlots-1),




gp17








INTEGER (0..ms40InSlots-1),




gp18








INTEGER (0..ms80InSlots-1),




gp19








INTEGER (0..ms160InSlots-1),




gp20








INTEGER (0..ms20InSlots-1),




gp21








INTEGER (0..ms40InSlots-1),




gp22








INTEGER (0..ms80InSlots-1),




gp23








INTEGER (0..ms160InSlots-1),




...



}


}

}
-- TAG-MEAS-GAP-CONFIG-STOP

-- ASN1STOP
[…]

–
MeasObjectNR

The IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurements or CSI-RS intra/inter-frequency measurements.

MeasObjectNR information element

-- ASN1START

-- TAG-MEAS-OBJECT-NR-START

MeasObjectNR ::=






SEQUENCE {


carrierFreq








ARFCN-ValueNR,


--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)


referenceSignalConfig





ReferenceSignalConfig













OPTIONAL,


--Consolidation of L1 measurements per RS index


absoluteThresholdCellQuality


SEQUENCE {



absThreshSS-BlocksConsolidation


ThresholdNR
















OPTIONAL,



absThreshCSI-RS-Consolidation


ThresholdNR
















OPTIONAL

}





























OPTIONAL,


--Config for cell measurement derivation


maxBeamsCellQuality





SEQUENCE {



nroSS-BlocksToAverage




INTEGER (1..maxNroSS-BlocksToAverage)









OPTIONAL,



nroCSI-RS-ResourcesToAverage


INTEGER (1..maxNroCSI-RS-ResourcesToAverage)







OPTIONAL

}





























OPTIONAL,

-- Measurement gap configuration for this object


measGapConfigIndex






INTEGER (1..2)















OPTIONAL,

pci-ListForMeasGap






SEQUENCE (SIZE (1..FFS)) OF PhysicalCellId








OPTIONAL,
-- Cond IntraFreq

--Frequency-specific offsets (only for events A3, A6)


offsetFreq








Q-OffsetRangeList,


-- Cell list


cellsToRemoveList






CellIndexList















OPTIONAL,


cellsToAddModList






CellsToAddModList














OPTIONAL,


-- Black list


blackCellsToRemoveList





CellIndexList















OPTIONAL,


blackCellsToAddModList





BlackCellsToAddModList













OPTIONAL,


-- White list


whiteCellsToRemoveList





CellIndexList















OPTIONAL,


whiteCellsToAddModList





WhiteCellsToAddModList













OPTIONAL
}

-- FFS / TODO: To be updated based on email discussion[99#31][NR] Additional information for SSB and CSI-RS config (Ericsson) 

ReferenceSignalConfig::=     


 SEQUENCE {


ssb-MeasurementTimingConfiguration

SSB-MeasurementTimingConfiguration









OPTIONAL,


ssbPresence







CHOICE {



present








SEQUENCE {




frequencyOffset






TYPE_FFS!




subcarrierSpacing                     
SubcarrierSpacing,



},



notPresent







SEQUENCE {




-- FFS: How to inform the UE where else to find the SSB. FFS whether to indicate here a carrier or a cell ID or multiple cell IDs



},


}


-- CSI-RS resources to be used for for CSI-RS based RRM measurements


csi-rs-ResourceConfig-Mobility


CSI-RS-ResourceConfig-Mobility
OPTIONAL -- Need N




-- Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell:


useServingCellTimingForSync



BOOLEAN
}

-- A measurement timing configuration

SSB-MeasurementTimingConfiguration ::= 
SEQUENCE {


-- Primary measurement timing configuration. Applicable for intra- and inter-frequency measurements. 


smtc1








SEQUENCE {



-- Periodicity and offset of the measurement window in which to receive SS/PBCH blocks. 



-- Periodicity and offset are given in number of subframes.



-- FFS_FIXME: This does not match the L1 parameter table!



-- (see 38.213, section REF):



periodicityAndOffset




CHOICE {




sf5









INTEGER (0..4),




sf10








INTEGER (0..9),




sf20








INTEGER (0..19),




sf40








INTEGER (0..39),




sf80








INTEGER (0..79),




sf160








INTEGER (0..159)



},



-- Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes 



-- (see 38.213, section 4.1)



-- FFS: RAN1 discusses additional allowed durations:



duration







ENUMERATED { sf1, sf5 },



-- The set of SS blocks to be measured within the SMTC measurement duration. 



-- Corresponds to L1 parameter 'SSB-measured' (see FFS_Spec, section FFS_Section)



-- When the field is absent the UE measures on all SS-blocks 



-- FFS_CHECK: Is this IE placed correctly. 



ssb-ToMeasure






SetupRelease { 




CHOICE {





-- bitmap for sub 3 GHz





shortBitmap






BIT STRING (SIZE (4)),





-- bitmap for 3-6 GHz





mediumBitmap





BIT STRING (SIZE (8)),





-- bitmap for above 6 GHz





longBitmap






BIT STRING (SIZE (64))




}



}
























OPTIONAL,
-- Need M



},


-- Secondary measurement timing confguration for explicitly signalled PCIs. It uses the offset and duration from smtc1.


-- It is supported only for intra-frequency measurements in RRC CONNECTED. 


smtc2 








SEQUENCE {



-- PCIs that are known to follow this SMTC.



pci-List







SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysicalCellId

OPTIONAL


-- Periodicity for the given PCIs. Timing offset and Duration as provided in smtc1.



periodicty







TYPE_FFS!


}

























OPTIONAL -- Cond IntraFreqConnected

}

CSI-RS-ResourceConfig-Mobility ::= 

SEQUENCE {


-- MO specific values

csi-rs-MeasurementBW




SEQUENCE {



csi-rs-measurementBW-size


ENUMERATED { size24, size48, size96, size192, size268},



csi-rs-measurement-BW-start


ENUMERATED {ffsTypeAndValue},


associated-SSB





ENUMERATED {ffsTypeAndValue},



qcled-SSB






BOOLEAN,



isServingCellMO





BOOLEAN
}


-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB


subcarrierSpacing





SubcarrierSpacing,

    -- List of resources


csi-rs-ResourceList-Mobility 
SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))
OF CSI-RS-Resource-Mobility

}

CSI-RS-Resource-Mobility




SEQUENCE {


csi-rs-ResourceId-RRM




CSI-RS-ResourceId-RRM,


cellId








PhysicalCellId,

}


-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref


-- FFS: Whether ms80 and ms160 are supported


slotConfig







CHOICE {



ms5









INTEGER (0..4),



ms10








INTEGER (0..9),



ms20








INTEGER (0..19),



ms40








INTEGER (0..39),



ms80








INTEGER (0..79),



ms160








INTEGER (0..159)


},


-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref


resourceElementMappingPattern


TYPE_FFS!,


-- FFS / TODO: ADD DESCRIPTION (see 38.211, section x.x.x.x) FFS_Ref


sequenceGenerationConfig



TYPE_FFS!

}

CSI-RS-ResourceId-RRM ::= 



INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

Q-OffsetRangeList ::=




SEQUENCE {


rsrpOffsetSSB






Q-OffsetRange



DEFAULT dB0,


rsrqOffsetSSB






Q-OffsetRange



DEFAULT dB0,


sinrOffsetSSB






Q-OffsetRange



DEFAULT dB0,


rsrpOffsetCSI-RS





Q-OffsetRange



DEFAULT dB0,


rsrqOffsetCSI-RS





Q-OffsetRange



DEFAULT dB0,


sinrOffsetCSI-RS





Q-OffsetRange



DEFAULT dB0

}

ThresholdNR ::=






SEQUENCE{


threshold-RSRP






RSRP-Range




OPTIONAL,


threshold-RSRQ






RSRQ-Range




OPTIONAL,


threshold-SINR






SINR-Range




OPTIONAL
}
CellsToAddModList ::=




SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=





SEQUENCE {


cellIndex







INTEGER (1..maxNrofCellMeas),


physCellId







PhysCellId,


cellIndividualOffset




Q-OffsetRangeList

}

BlackCellsToAddModList ::=



SEQUENCE (SIZE (1..maxNrofCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=




SEQUENCE {


cellIndex







INTEGER (1..maxNrofCellMeas),


physCellIdRange






PhysCellIdRange

}

WhiteCellsToAddModList ::=



SEQUENCE (SIZE (1..maxNrofCellMeas)) OF WhiteCellsToAddMod

WhiteCellsToAddMod ::=




SEQUENCE {


cellIndex







INTEGER (1..maxNrofCellMeas),


physCellIdRange






PhysCellIdRange

}

-- TAG-MEAS-OBJECT-NR-STOP

-- ASN1STOP

 […]

–
UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [yy].
UE-NR-Capability information element

-- ASN1START

UE-NR-Capability ::= SEQUENCE {


pdcp-Parameters




PDCP-Parameters,


rlc-Parameters




RLC-Parameters,

mac-Parameters




MAC-Parameters,


phyLayerParameters



PhyLayerParameters,

rf-Parameters




RF-Parameters,

measParameters




MeasParameters,

nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

PhyLayerParameters ::=
SEQUENCE {


supportedBasebandProcessingCombination

SupportedBasebandProcessingCombination,


-- FFS on other parameters

}

RF-Parameters ::= SEQUENCE {


supportedBandListNR




SupportedBandListNR,


supportedBandCombination


BandCombinationList
}
MeasParameters ::= SEQUENCE {


independentGapConfig



ENUMERATED {supported}


OPTIONAL
}
SupportedBandListNR ::=
SEQUENCE (SIZE (1..maxBands)) OF BandNR

SupportedBandCombination ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

SupportedBasebandProcessingCombination ::= SEQUENCE (SIZE (1..maxBasebandProcComb)) OF BasebandProcessingCombination

BasebandProcessingCombination ::= SEQUENCE {


basebandParametersPerBand

SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BasebandParametersPerBand


-- FFS on other parameters

}

BasebandParametersPerBand ::= SEQUENCE {


ca-BandwidthClassDL


CA-BandwidthClass,


ca-BandwidthClassUL


CA-BandwidthClass,


basebandParametersPerCC

SEQUENCE (SIZE (1..maxServCell)) OF BasebandParametersPerCC,


supportedBWPerCC



BWPerCC,

-- FFS on the need (e.g. if ca-BandwidthClass is sufficient to cover BWPerCC)


-- FFS on other parameters
}

BasebandParametersPerCC ::= SEQUENCE {


supportedMIMO-CapabilityDL

MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL

MIMO-Capability





OPTIONAL,


modulationOrder




ModulationOrder,


subCarrierSpacing



SubCarrierSpacing, 


-- FFS if modulationOrder and subCarrierSpacing are included per Band or per CC 

-- FFS on other parameters 

}

BandNR ::=
SEQUENCE {


bandNR






FreqBandIndicatorNR,


supportedMIMO-CapabilityDL

MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL

MIMO-Capability





OPTIONAL,


-- FFS on other parameters 

}

CA-BandwidthClass ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-Capability ::= SEQUENCE {


-- FFS on the parameters

}
ModulationOrder ::= SEQUENCE {


-- FFS on the parameters

}
SubCarrierSpacing ::= SEQUENCE {


-- FFS on the parameters

}
PDCP-Parameters ::= SEQUENCE {


dataRateDRB-IP

ENUMERATED {64kbps, spare6, spare5, spare4, spare3, spare2, spare1, spare0}

OPTIONAL, 


supportedROHC-Profiles
SEQUENCE {



profile0x0000

BOOLEAN, 



profile0x0001

BOOLEAN, 



profile0x0002

BOOLEAN,



profile0x0003

BOOLEAN, 



profile0x0004

BOOLEAN, 



profile0x0006

BOOLEAN, 



profile0x0101

BOOLEAN, 



profile0x0102

BOOLEAN, 



profile0x0103

BOOLEAN, 



profile0x0104

BOOLEAN


}, 


maxNumberROHC-ContextSessions
ENUMERATED {cs2, cs4, cs8, cs12, cs16, cs24, cs32, cs48, cs64, cs128, cs256, cs512, cs1024, cs16384, spare2, spare1},



uplinkOnlyROHC-Profiles


ENUMERATED {supported}
OPTIONAL, 


continueROHC-Context


ENUMERATED {supported}
OPTIONAL,


outOfOrderDelivery



ENUMERATED {supported}
OPTIONAL, 


shortSN






ENUMERATED {supported} 
OPTIONAL,


volteOverNR-PDCP



ENUMERATED {supported}
OPTIONAL


}

RLC-Parameters ::= SEQUENCE {


amWithShortSN




ENUMERATED {supported}
OPTIONAL,


umWithShortSN




ENUMERATED {supported}
OPTIONAL, 


umWIthLongSN




ENUMERATED {supported}
OPTIONAL

}

MAC-Parameters ::= SEQUENCE {


lcp-Restriction




ENUMERATED {supported}
OPTIONAL,


skipUplinkTxDynamic



ENUMERATED {supported}
OPTIONAL,


logicalChannelSR-DelayTimer

ENUMERATED {supported}
OPTIONAL, 


longDRX-Cycle




ENUMERATED {supported}
OPTIONAL, 


shortDRX-Cycle




ENUMERATED {supported}
OPTIONAL, 


numberOfSR-Configurations

ENUMERATED {n2, n3, n4,…}
OPTIONAL, -- FFS value range


numberOfConfiguredGrantConfigurations
ENUMERATED {n2, n3, n4,…}
OPTIONAL -- FFS value range

}

-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP
[…]

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

-- ASN1START

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

maxBandComb







INTEGER ::=
FFS

-- Maximum number of DL band combinations
maxBasebandProcComb





INTEGER ::=
FFS

-- Maximum number of base band processing combinations
maxNrofSCells






INTEGER ::=
15

-- Max number of secondary serving cells per cell group

maxNrofCellMeas






INTEGER ::=
FFS

-- Maximum number of entries in each of the cell lists in a measurement object

maxNroSS-BlocksToAverage



INTEGER ::= FFS

-- Max number for the (max) number of SS blocks to average to determine cell measurement

maxNroCSI-RS-ResourcesToAverage


INTEGER ::= FFS

-- Max number for the (max) number of CSI-RS to average to determine cell measurement
maxNrofSR-CongigPerCellGroup


INTEGER ::= 8

-- Maximum number of SR configurations per cell group

maxLCG-ID







INTEGER ::= 7

-- Maximum value of LCG ID

macLC-ID







INTEGER ::= FFS

-- 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

maxNrofBandwidthParts




INTEGER ::= 4

-- Maximum number of BWPs per serving cell

maxNrofBandwidthParts-1




INTEGER ::= 3

-- Maximum number of BWPs per serving cell minus 1

maxSymbolIndex






INTEGER ::= 13

-- Maximum index identifying a symbol within a slot (14 symbols, indexed from 0..13)

maxNrofPhysicalResourceBlocks


INTEGER ::= 275

-- Maximum number of PRBs

maxNrofPhysicalResourceBlocks-1


INTEGER ::= 274

-- Maximum number of PRBs

maxNrofPhysicalResourceBlocksTimes4

INTEGER ::= FFS:1100
-- Maximum number of PRBs (used to reference PRBs in another subcarrier spacing)

maxNrofControlResourceSets 



INTEGER ::= FFS 
-- Max number of CoReSets configurable on a serving cell

maxNrofControlResourceSets-1


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

maxCoReSetStartSymbol




INTEGER ::= FFS

-- Highest possible start symbol for a control resource set

maxCoReSetDuration





INTEGER ::= 3

-- Max number of OFDM symbols in a control resource set

maxNrofSearchSpacesPerCoReSet


INTEGER ::= FFS

-- Max number of search spaces configurable per Control Resource Set

maxNrofRateMatchPatterns



INTEGER ::= FFS

-- Max number of rate matching patterns that may be configured

maxNrofRateMatchPatterns-1



INTEGER ::= FFS

-- Max number of rate matching patterns that may be configured minus 1

maxNrofCSI-Reports





INTEGER ::= FFS 
-- Maximum number of report configurations

maxNrofCSI-Reports-1
 



INTEGER ::= FFS 
-- Maximum number of report configurations minus 1

maxNrofCSI-ResourceConfigurations

INTEGER ::= FFS

-- Maximum number of resource configurations

maxNrofCSI-ResourceConfigurations-1

INTEGER ::= FFS

-- Maximum number of resource configurations minus 1

maxNrofCSI-ResourceSets




INTEGER ::= FFS

-- Maximum number of resource sets per resource configuration

maxNrofCSI-ResourceSets-1



INTEGER ::= FFS

-- Maximum number of resource sets per resource configuration minus 1

maxNrofNZP-CSI-RS-Resources



INTEGER ::= FFS

-- Maximum number of Non-Zero-Power (NZP) CSI-RS resources

maxNrofNZP-CSI-RS-Resources-1


INTEGER ::= FFS

-- Maximum number of Non-Zero-Power (NZP) CSI-RS resources minus 1

maxNrofZP-CSI-RS-Resources



INTEGER ::= FFS

-- Maximum number of Zero-Power (NZP) CSI-RS resources

maxNrofZP-CSI-RS-Resources-1


INTEGER ::= FFS

-- Maximum number of Zero-Power (NZP) CSI-RS resources minus 1

maxNrofCSI-IM-Resources




INTEGER ::= FFS

-- Maximum number of CSI-IM resources. See CSI-IM-ResourceMax in 38.214.

maxNrofCSI-IM-Resources-1



INTEGER ::= FFS

-- Maximum number of CSI-IM resources minus 1. See CSI-IM-ResourceMax in 38.214.

maxNrofSSB-Resources




INTEGER ::= 64

-- Maximum number of SSB resources in a resource set

maxNrofSSB-Resources-1




INTEGER ::= 63

-- Maximum number of SSB resources in a resource set minus 1

maxNrofCSI-RS-ResourcesPerSet


INTEGER ::= 8

-- Maximum number of CSI-RS resources per resource set

maxNrofCSI-MeasId





INTEGER ::= FFS

-- Maximum number of link configurations

maxNrofCSI-MeasId-1





INTEGER ::= FFS

-- Maximum number of link configurations minus 1

maxNrofCSI-RS-ResourcesRRM



INTEGER ::= FFS

-- Maximum number of CSI-RS resources for an RRM measurement object

maxNrofCSI-RS-ResourcesRRM-1


INTEGER ::= FFS

-- Maximum number of CSI-RS resources for an RRM measurement object minus 1

maxNrofObjectId






INTEGER ::= FFS

-- Maximum number of configured measurement objects
maxNrOfRA-PreamblesPerSSB



INTEGER ::=
FFS

-- Maximum number of Random Access Preamble value per SSB
maxNrofReportConfigId




INTEGER ::= FFS

-- Maximum number of reporting configurations

maxNrofMeasId






INTEGER ::= FFS

-- Maximum number of configured measurements

maxNroQuantityConfig




INTEGER
::= 2

-- Maximum number of quantity configurations
maxNrofSRS-ResourceSets




INTEGER ::= FFS

-- Maximum number of SRS resource sets.

maxNrofSRS-ResourceSets-1



INTEGER ::= FFS

-- Maximum number of SRS resource sets minus 1.

maxNrofSRS-Resources




INTEGER ::= FFS

-- Maximum number of SRS resources in an SRS resource set.

maxNrofSRS-Resources-1




INTEGER ::= FFS

-- Maximum number of SRS resources in an SRS resource set minus 1.

maxRA-PreambleIndex





INTEGER ::= FFS

-- Maxximum value of Random Access Preamble Index

maxRAT-CapabilityContainers



INTEGER ::= FFS

-- Maximum number of interworking RAT containers (incl NR and MRDC)

maxServCell







INTEGER ::=
FFS

-- Maximum number of serving cells

maxSimultaneousBands




INTEGER ::= FFS

-- Maximum number of simultaneously aggregated bands
ms20InSlots-1






INTEGER ::= 639

-- 20 ms in units of minimum-length slots, minus 1
ms40InSlots-1






INTEGER ::= 1279
-- 40 ms in units of minimum-length slots, minus 1
ms80InSlots-1






INTEGER ::= 2559
-- 80 ms in units of minimum-length slots, minus 1
ms160InSlots-1






INTEGER ::= 5119
-- 160 ms in units of minimum-length slots, minus 1
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP
-- ASN1STOP

4   LTE Text Proposal
The ASN.1 structure to capture the measurement gap configuration in TS 36.331 could be as follows:

–
MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.

MeasConfig information element

-- ASN1START

MeasConfig ::=





SEQUENCE {


-- Measurement objects


measObjectToRemoveList



MeasObjectToRemoveList



OPTIONAL,
-- Need ON


measObjectToAddModList



MeasObjectToAddModList



OPTIONAL,
-- Need ON


-- Reporting configurations


reportConfigToRemoveList


ReportConfigToRemoveList


OPTIONAL,
-- Need ON


reportConfigToAddModList


ReportConfigToAddModList


OPTIONAL,
-- Need ON


-- Measurement identities


measIdToRemoveList




MeasIdToRemoveList




OPTIONAL,
-- Need ON


measIdToAddModList




MeasIdToAddModList




OPTIONAL,
-- Need ON


-- Other parameters


quantityConfig





QuantityConfig





OPTIONAL,
-- Need ON


measGapConfig





MeasGapConfig





OPTIONAL,
-- Need ON


s-Measure






RSRP-Range






OPTIONAL,
-- Need ON


preRegistrationInfoHRPD



PreRegistrationInfoHRPD



OPTIONAL, 
-- Need OP


speedStatePars


CHOICE {



release







NULL,



setup







SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




timeToTrigger-SF




SpeedStateScaleFactors



}


}

















OPTIONAL,
-- Need ON


...,


[[
measObjectToAddModList-v9e0


MeasObjectToAddModList-v9e0

OPTIONAL
-- Need ON


]],


[[
allowInterruptions-r11



BOOLEAN






OPTIONAL
-- Need ON


]],


[[
measScaleFactor-r12


CHOICE {




release





NULL,




setup





MeasScaleFactor-r12



}















OPTIONAL,
-- Need ON



measIdToRemoveListExt-r12


MeasIdToRemoveListExt-r12

OPTIONAL,
-- Need ON



measIdToAddModListExt-r12


MeasIdToAddModListExt-r12

OPTIONAL,
-- Need ON



measRSRQ-OnAllSymbols-r12

BOOLEAN






OPTIONAL
-- Need ON


]],


[[



measObjectToRemoveListExt-r13

MeasObjectToRemoveListExt-r13
OPTIONAL,
-- Need ON



measObjectToAddModListExt-r13

MeasObjectToAddModListExt-r13
OPTIONAL,
-- Need ON



measIdToAddModList-v1310


MeasIdToAddModList-v1310

OPTIONAL,
-- Need ON



measIdToAddModListExt-v1310


MeasIdToAddModListExt-v1310

OPTIONAL
-- Need ON


]],


[[
measGapConfigPerCC-List-r14


MeasGapConfigPerCC-List-r14

OPTIONAL,
-- Need ON



measGapSharingConfig-r14


MeasGapSharingConfig-r14

OPTIONAL
-- Need ON


]],


[[



measGapConfigNR-r15




MeasGapConfigNR-r15



OPTIONAL
-- Need ON


]]
}

MeasIdToRemoveList ::=



SEQUENCE (SIZE (1..maxMeasId)) OF MeasId

MeasIdToRemoveListExt-r12 ::=

SEQUENCE (SIZE (1..maxMeasId)) OF MeasId-v1250

MeasObjectToRemoveList ::=


SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectId

MeasObjectToRemoveListExt-r13 ::=
SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectId-v1310

ReportConfigToRemoveList ::=

SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- ASN1STOP

	MeasConfig field descriptions

	allowInterruptions

Value TRUE indicates that the UE is allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms, as specified in TS 36.133 [16]. E-UTRAN enables this field only when an SCell is configured.

	measGapConfig

Used to setup and release measurement gaps. E-UTRAN includes either measGapConfig or measGapConfigPerCC-List, if any. 

	measGapConfigNR

Used to set up and release measurement gaps for use in measurements of NR.

	measGapConfigPerCC-List

Used to setup and release serving cell sepecific measurement gaps. E-UTRAN includes either measGapConfig or measGapConfigPerCC-List, if any.

	measGapSharingConfig

Used to setup and release measurement gap sharing for intra- and inter-frequency measurement for BL UEs.

	measIdToAddModList

List of measurement identities. Field measIdToAddModListExt includes additional measurement identities i.e. extends the size of the measurement identity list using the general principles specified in 5.1.2. If E-UTRAN includes measIdToAddModList-v1310 it includes the same number of entries, and listed in the same order, as in measIdToAddModList (i.e. without suffix). If E-UTRAN includes measIdToAddModListExt-v1310, it includes the same number of entries, and listed in the same order, as in measIdToAddModListExt-r12.

	measIdToRemoveList

List of measurement identities to remove. Field measIdToRemoveListExt includes additional measurement identities i.e. extends the size of the measurement identity list using the general principles specified in 5.1.2.

	measObjectToAddModList

If E-UTRAN includes measObjectToAddModList-v9e0 it includes the same number of entries, and listed in the same order, as in measObjectToAddModList (i.e. without suffix). Field measObjectToAddModListExt includes additional measurement object identities i.e. extends the size of the measurement object identity list using the general principles specified in 5.1.2.

	measObjectToRemoveList

List of measurement objects to remove. Field measObjectToRemoveListExt includes additional measurement object identities i.e. extends the size of the measurement object identity list using the general principles specified in 5.1.2.

	measRSRQ-OnAllSymbols

Value TRUE indicates that the UE shall, when performing RSRQ measurements, perform RSRQ measurement on all OFDM symbols in accordance with TS 36.214 [48]. If widebandRSRQ-Meas is enabled for the frequency in MeasObjectEUTRA, the UE shall, when performing RSRQ measurements, perform RSRQ measurement on all OFDM symbols with wider bandwidth for concerned frequency in accordance with TS 36.214 [48].

	measScaleFactor

Even if reducedMeasPerformance is not included in any measObjectEUTRA or measObjectUTRA, E-UTRAN may configure this field. The UE behavior is specified in TS 36.133 [16].

	preRegistrationInfoHRPD
The CDMA2000 HRPD Pre-Registration Information tells the UE if it should pre-register with the CDMA2000 HRPD network and identifies the Pre-registration zone to the UE.

	reportConfigToRemoveList

List of measurement reporting configurations to remove.

	s-Measure

PCell quality threshold controlling whether or not the UE is required to perform measurements of intra-frequency, inter-frequency and inter-RAT neighbouring cells. Value “0” indicates to disable s-Measure.

	timeToTrigger-SF

The timeToTrigger in ReportConfigEUTRA and in ReportConfigInterRAT are multiplied with the scaling factor applicable for the UE’s speed state.


[…]

–
MeasGapConfigNR
The IE MeasGapConfigNR specifies the measurement gap configuration and controls setup/ release of measurement gaps for measurements of NR.

MeasGapConfigNR information element

-- ASN1START

MeasGapConfigNR-r15 ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {




gp0









INTEGER (0..39),




gp1









INTEGER (0..79),




gp2









INTEGER (0..39),




gp3









INTEGER (0..79),




gp4









INTEGER (0..19),




gp5









INTEGER (0..159),




gp6









INTEGER (0..19),




gp7









INTEGER (0..39),




gp8









INTEGER (0..79),




gp9









INTEGER (0..159),




gp10








INTEGER (0..19),




gp11








INTEGER (0..159),




...



}


}

}

-- ASN1STOP

	MeasGapConfigNR field descriptions

	gapOffset

The gapOffset values gp0, gp1, gp4, and gp5 correspond to measurement gaps of length 6 ms.  Values gp2, gp3, gp10, and gp11 correspond to measurement gaps of length 3 ms.  Values gp6, gp7, gp8, and gp9 correspond to measurement gaps of length 4 ms.


5   Conclusion
In this document, we discussed the stage 3 impacts of measurement gap configuration. We have the following proposals: 
[To be completed when the proposals are finalised]
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