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1  Introduction 
Concurrent gap is one objective of the measurement gap enhancements as approved in WID [1]. Up to now, RAN4 has sent two LS(s) to RAN2 in [2] and [3].
2   Discussion
The existing MG format can be re-used for concurrent gap configuration. For each concurrent measurement gap, it should only comprise one gap pattern from perUE gap, FR1 gap or FR2 gap. That is to say, for one concurrent measurement gap, there is no need to include both FR1 and FR2 gap. Main reason is the concurrent measurement gap is to measure one particular reference signal in a MO, which obviously would not require both FR1 and FR2 gap. Even if it is for PRS measurement which may cover both FR1 and FR2 frequency layer, it can be easily supported by assigning two concurrent measurement gaps to PRS measurement.
Proposal 1: Introduce the concurrent measurement gap(s) configuration based on the existing measurement gap format.
Proposal 2: Each concurrent measurement gap comprises one single gap configuration from perUE gap, FR1 gap and FR2 gap.
Furthermore, the main takeaway from the LS [2] is each concurrent measurement gap can be associated with one or multiple of the following:
(1) LTE 
(2) NR SSB in a MO
(3) NR CSI-RS in a MO
(4) NR PRS
From signaling perspective, the pointer to concurrent measurement gap should be added into the MO configuration for NR SSB and NR CSI RS respectively. For LTE measurement, the same design for NR can be followed. 
But NR PRS is different from SSB/CSI RS because it is not configured as a MO. Instead, UE reports the frequency layers for the PRS the UE needs to measure, and NW then configures with an appropriate measurement gap to UE. Correspondingly, it is proposed here to introduce a flag in concurrent measurement gap configuration, indicating it is for PRS measurement purpose. If UE performs PRS measurement on multiple frequency layers, multiple concurrent measurement gaps may be required. 
Proposal 3: Add concurrent measurement gap ID into the configurations of LTE MO, NR MO for SSB and CSI-RS respectively.
Proposal 4: Indicate in concurrent MG configuration that it is for PRS measurement.
With regards to 2G/3G measurement, RAN4 agreed the requirement work is deprioritized. In RAN2 perspective, supporting UTRA-FDD does not require many efforts. From our understanding, this is related to the question whether the legacy measurement gap can be configured simultaneously with concurrent gaps. For example, if legacy measurement gap and concurrent gap are exclusive to each other, the UTRA-FDD MO should be also associated with a concurrent gap. Otherwise, UE would have no gap to perform UTRA-FDD measurement. However, if legacy gap can be configured at the same time with concurrent gap, it would be not critical to support UTRA-FDD measurement evem when concurrent gap is configured.
Observation 1: Whether to support UTRA-FDD in concurrent gap is related to the question whether concurrent gap can be configured together with legacy measurement gap.
RAN2 asked the question to RAN4 on simultaneous configuration on concurrent gap and legacy gap. Our view is due to limited number (2 or 3) of concurrent gap, it might be not possible to associate all the MO(s) to a suitable concurrent gap. And it is easier to keep the legacy measurement gap for UE to perform measurement on all the MO(s) which are not associated with any concurrent gap. 
Proposal 5: It is proposed to support simultaneous configuration on concurrent gap and legacy gap. All measurement tasks without associating with concurrent gaps (possibly including UTRA-FDD) are performed within legacy measurement gap.
Last but not least, RAN2 should discuss whether to support MR-DC scenario for concurrent gap.   
In existing measurement design, MN and SN can configure UE with measurement task independently. Network only knows about the frequency list to measure configured by the other node. But the reference signal on each frequency to measure is not exchanged between MN and SN. It would be difficult for NW to make decision on concurrent gap configuration without knowing the reference signal on each frequency to measure configured by the other node. To support the MR-DC scenario, the exchange on reference signal configuration on frequency to measure would be required. 
In addition, when concurrent gap is configured by one node, whether the other node should be informed about the usage of the concurrent gap is also to be discussed. Without knowing the usage of concurrent gap, the other node may blindly link the concurrent gap with its own MO(s) which might be inappropriate. 
The issue becomes even more critical if legacy measurement gap is not allowed together with concurrent gap configuration. In other words, if each MO has to be associated with one concurrent gap, it becomes more difficult to make a proper decision without knowing the intent of concurrent gap from the decisive node.
Observation 2: To support concurrent gap in MR-DC, the exchange between MN and SN may require more information including reference signal on each frequency to measure, association between concurrent gap ID and MO made by the decisive node.
Considering the complexity analyzed above, it is proposed to down prioritize MR-DC scenario for concurrent gap.
Proposal 6: Down prioritize the support on MR-DC scenario for concurrent gap.
3	Conclusions
Based on the discussion above, we have the following observations and proposals.
Observation 1: Whether to support UTRA-FDD in concurrent gap is related to the question whether concurrent gap can be configured together with legacy measurement gap.
Observation 2: To support concurrent gap in MR-DC, the exchange between MN and SN may require more information including reference signal on each frequency to measure, association between concurrent gap ID decided by one node and the MO configured by the other node.
Proposal 1: Introduce the concurrent measurement gap(s) configuration based on the existing measurement gap format.
Proposal 2: Each concurrent measurement gap comprises one single gap configuration from perUE gap, FR1 gap and FR2 gap.
Proposal 3: Add concurrent measurement gap ID into the configurations of LTE MO, NR MO for SSB and CSI-RS respectively.
Proposal 4: Indicate in concurrent MG configuration that it is for PRS measurement.
Proposal 5: It is proposed to support simultaneous configuration on concurrent gap and legacy gap. All measurement tasks without associating with concurrent gaps (possibly including UTRA-FDD) are performed within legacy measurement gap.
Proposal 6: Down prioritize the support on MR-DC scenario for concurrent gap.
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[bookmark: _Toc60777222][bookmark: _Toc83740177]–	CSI-RS-ResourceConfigMobility
The IE CSI-RS-ResourceConfigMobility is used to configure CSI-RS based RRM measurements.
CSI-RS-ResourceConfigMobility information element
-- ASN1START
-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-START

CSI-RS-ResourceConfigMobility ::=   SEQUENCE {
    subcarrierSpacing                   SubcarrierSpacing,
    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,
    ...,
    [[
    refServCellIndex                    ServCellIndex                                                           OPTIONAL    -- Need S
]],
[[
concurrentGapId-r17                     INTEGER (1..4)
]]


}

CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}

CSI-RS-Resource-Mobility ::=        SEQUENCE {
    csi-RS-Index                        CSI-RS-Index,
    slotConfig                          CHOICE {
        ms4                                 INTEGER (0..31),
        ms5                                 INTEGER (0..39),
        ms10                                INTEGER (0..79),
        ms20                                INTEGER (0..159),
        ms40                                INTEGER (0..319)
    },
    associatedSSB                       SEQUENCE {
        ssb-Index                           SSB-Index,
        isQuasiColocated                    BOOLEAN
    }                                                                                                           OPTIONAL, -- Need R
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12))
    },
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    sequenceGenerationConfig            INTEGER (0..1023),
    ...
}

CSI-RS-Index ::=                    INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-STOP
-- ASN1STOP
<Text omitted>
[bookmark: _Toc60777253][bookmark: _Toc83740208]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
]],
[[
concurrentGapList-r17              SEQUENCE (SIZE (1..4)) OF ConcurrentGap-r17   OPTIONAL
]]


}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}

ConcurrentGap-r17 ::=                   SEQUENCE {
concurrentGapId-r17                             INTEGER (1..4),
forPRS-Meas-r17                                  ENUMERATED {true},
concurrentGapConfig-r17                         CHOICE {
    gapFR2                              GapConfig,
    gapFR1                              GapConfig,
    gapUE                               GapConfig
}
}




-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

<Text omitted>
[bookmark: _Toc60777259][bookmark: _Toc83740214]–	MeasObjectEUTRA
The IE MeasObjectEUTRA specifies information applicable for E‑UTRA cells.
MeasObjectEUTRA information element
-- ASN1START
-- TAG-MEASOBJECTEUTRA-START

MeasObjectEUTRA::=                          SEQUENCE {
    carrierFreq                                 ARFCN-ValueEUTRA,
    allowedMeasBandwidth                        EUTRA-AllowedMeasBandwidth,
    cellsToRemoveListEUTRAN                     EUTRA-CellIndexList                                         OPTIONAL,    -- Need N
    cellsToAddModListEUTRAN                     SEQUENCE (SIZE (1..maxCellMeasEUTRA)) OF EUTRA-Cell         OPTIONAL,    -- Need N
    blackCellsToRemoveListEUTRAN                EUTRA-CellIndexList                                         OPTIONAL,    -- Need N
    blackCellsToAddModListEUTRAN                SEQUENCE (SIZE (1..maxCellMeasEUTRA)) OF EUTRA-BlackCell    OPTIONAL,    -- Need N
    eutra-PresenceAntennaPort1                  EUTRA-PresenceAntennaPort1,
    eutra-Q-OffsetRange                         EUTRA-Q-OffsetRange                                         OPTIONAL,    -- Need R
    widebandRSRQ-Meas                           BOOLEAN,
...,
[[
concurrentGapId-r17                     INTEGER (1..4)
]]

}

EUTRA-CellIndexList ::=                     SEQUENCE (SIZE (1..maxCellMeasEUTRA)) OF EUTRA-CellIndex

EUTRA-CellIndex ::=                         INTEGER (1..maxCellMeasEUTRA)


EUTRA-Cell ::=                              SEQUENCE {
    cellIndexEUTRA                              EUTRA-CellIndex,
    physCellId                                  EUTRA-PhysCellId,
    cellIndividualOffset                        EUTRA-Q-OffsetRange
}


EUTRA-BlackCell ::=                         SEQUENCE {
    cellIndexEUTRA                              EUTRA-CellIndex,
    physCellIdRange                             EUTRA-PhysCellIdRange
}

-- TAG-MEASOBJECTEUTRA-STOP
-- ASN1STOP

<Text omitted>

[bookmark: _Toc60777261][bookmark: _Toc83740216]–	MeasObjectNR
The IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurements and/or CSI-RS intra/inter-frequency measurements.
MeasObjectNR information element
-- ASN1START
-- TAG-MEASOBJECTNR-START

MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...,
    [[
    freqBandIndicatorNR                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}

SSB-MTC3List-r16::=                 SEQUENCE (SIZE(1..4)) OF SSB-MTC3-r16

T312-r16 ::=                        ENUMERATED { ms0, ms50, ms100, ms200, ms300, ms400, ms500, ms1000}

ReferenceSignalConfig::=            SEQUENCE {
    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M
    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M
}

SSB-ConfigMobility::=               SEQUENCE {
    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M
    ...,
    [[
    ssb-PositionQCL-Common-r16              SSB-PositionQCL-Relation-r16                                OPTIONAL,   -- Cond SharedSpectrum
    ssb-PositionQCL-CellsToAddModList-r16   SSB-PositionQCL-CellsToAddModList-r16                       OPTIONAL,   -- Need N
    ssb-PositionQCL-CellsToRemoveList-r16   PCI-List                                                    OPTIONAL    -- Need N
]],
[[
concurrentGapId-r17                     INTEGER (1..4)           
]]

}

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{
    thresholdRSRP                       RSRP-Range                                                      OPTIONAL,   -- Need R
    thresholdRSRQ                       RSRQ-Range                                                      OPTIONAL,   -- Need R
    thresholdSINR                       SINR-Range                                                      OPTIONAL    -- Need R
}

CellsToAddModList ::=               SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=                   SEQUENCE {
    physCellId                          PhysCellId,
    cellIndividualOffset                Q-OffsetRangeList
}

RMTC-Config-r16 ::=                 SEQUENCE {
    rmtc-Periodicity-r16                ENUMERATED {ms40, ms80, ms160, ms320, ms640},
    rmtc-SubframeOffset-r16             INTEGER(0..639)                                                 OPTIONAL,   -- Need M
    measDurationSymbols-r16             ENUMERATED {sym1, sym14or12, sym28or24, sym42or36, sym70or60},
    rmtc-Frequency-r16                  ARFCN-ValueNR,
    ref-SCS-CP-r16                      ENUMERATED {kHz15, kHz30, kHz60-NCP, kHz60-ECP},
    ...
}

SSB-PositionQCL-CellsToAddModList-r16 ::= SEQUENCE (SIZE (1..maxNrofCellMeas)) OF SSB-PositionQCL-CellsToAddMod-r16

SSB-PositionQCL-CellsToAddMod-r16 ::= SEQUENCE {
    physCellId-r16                        PhysCellId,
    ssb-PositionQCL-r16                   SSB-PositionQCL-Relation-r16
}

-- TAG-MEASOBJECTNR-STOP
-- ASN1STOP


