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1. Introduction
For gap coordination, the following agreements were made in RAN2#116bis_e meeting [1]:

Continue to discuss each gap feature in individual WI with the following understandings.
- Whether to support MAC CE activation/deactivation of the gap is discussed independently in each WI. There is no need to have common MAC CE framework.
- RRC configuration for gap feature could be progressed separately in each WI. However, RAN2 may use common RRC configuration structures for different gaps once the relation between each gap feature is clear.
On gap coordination, RAN2 to attempt conclusion from R2 point of view on the following aspects (no limitation is intended). 
- Could gap features be configured together? Is there any collision on procedure part when more than one is configured? (to identify the possible gap combinations)
- How many gaps could be configured / activated at the same time? IS there any R2 related limitation or does RAN2 have to consult RAN4 for this number? 
- Expect to send LS to R4 after initial R2 conclusions (next meeting)
R2 assumes that UL FR2 gap is independent from other gap features. (i.e. separate configuration for UL FR2 gap and enabling the UL FR2 gap or not does not conflict with other gap features from RAN2 perspective).
RAN2 assumes that the detailed UE behaviour while gaps are overlapped in time domain is R4 knowledge, e.g. which use case has priority (if such is needed)

In this contribution, we will continue the discussion based on above and try to give the way forward.
1. Discussion 
Apart from UL FR2 gap, gap enhancement is involved in several WIs in R17, including NR_MG_enh-Core, NR_NTN_solutions-Core, NR_pos_enh-Core, and LTE_NR_MUSIM-Core. We will first give the background briefly and then analyze how to do the gap coordination.
2.1 Background of gap enhancement in R17
· NR_MG_enh-Core
In RAN2#116bis meeting, RAN2 agreed to configure pre-configured gap and concurrent gap jointly [1]:
From RRC signaling design, RAN2 aim to support joint working among Pre-MG, concurrent gaps, and NCSG
Add 1 bit indication in gapConfig to indicate pre-configured measurement gap.
In case of simultaneous support of legacy gap and pre-configured gap, it is agreed to support option 2: combine concurrent gap to indicate pre-configured gap if both are enabled.

The baseline ASN.1 structure is given below [2]:

[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
    ]],    
[[
    gapTwoFR2-r17                       SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapTwoFR1-r17                       SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapTwoUE-r17                        SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]
}

Editor Note: It is FFS whether to use ToAddMod and ToRelase to add the additional GapConfig for per UE, FR1 gap, and FR2 gap 
Editor Note: It is FFS on how to configure the NCSG gap and whether the NCSG could be per FR gap


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
[bookmark: _Hlk92017012]    ]],
    [[
    measGapId-r17                       MeasGapId-r17                                                       OPTIONAL,   -- Cond ConcurrentGap
    preConfigInd-r17                    ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    gapAssociation-r17                  MeasGapAssociation-r17                                              OPTIONAL    -- Need R
    ]]
}

MeasGapAssociation-r17 ::=              SEQUENCE {
    prsMeas-r17                             ENUMERATED {true}                                               OPTIONAL    -- Need R
}

Editor Note: It is FFS whether to support use case association that associated a gap to SSB measurement, CSI-RS measurement, or E-UTRAN measurement

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP
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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,
    ...,
    [[
    associatedMeasGap-r17                       MeasGapId-r17                                               OPTIONAL     -- Need R
    ]]
}

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
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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
    ]],
    [[
    associatedMeasGapSSB-r17            MeasGapId-r17                                                   OPTIONAL,   -- Need R
    associatedMeasGapCSIRS-r17          MeasGapId-r17                                                   OPTIONAL    -- Need R
    ]]
}

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
    ]]
}

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

Observation 1: The legacy IE MeasGapConfig can be easily extended to support pre-configured gap and concurrent gap.

· NR_pos_enh-Core
RAN1 intends to have multiple pre-configured measurement gaps (MG) for PRS measurement. RRC to provide the pre-configuration. If you carefully view the above baseline ASN.1 structure defined for NR_MG_enh-Core WI, positioning gap requirement is already covered, i.e. each pre-configured gap used for positioning measurement is associated with a PRS indicator.

MeasGapAssociation-r17 ::=              SEQUENCE {
    prsMeas-r17                             ENUMERATED {true}                                               OPTIONAL    -- Need R

Observation 2: The ASN.1 structure combination between NR_MG_enh-Core WI and NR_pos_enh-Core WI is already possible if the baseline ASN.1 structure defined for NR_MG_enh-Core WI is adopted.

· LTE_NR_MUSIM-Core
For MUSIM gap, the following agreement was confirmed in RAN2#116bis meeting:
3: keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. Ask to RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance (exact LS wording for the question can be discussed offline). 

More addition, MUSIM gap is not only used for measurements. The periodic gaps are mainly for periodic switching, including SSB detection/paging reception, serving cell measurement, neighboring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement, while the intent of aperiodic gap is used for one shot procedure, like SI acquisition, on-demand SI request.

Observation 3: MUSIM gap is not only used for measurements and both periodic gaps and aperiodic gap are involved.

· NR_NTN_solutions-Core
· For Rel-17 NTN, at most four SMTC configurations are associated to one frequency.
· The multiple SMTC configurations per MO are enabled by introducing different new offsets in addition to the legacy SMTC configuration. 
The baseline ASN.1 structure defined for R17 NR_NTN_solutions-Core WI is listed below:
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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
    ]] ,
    [[
    smtc4List-r17                       SSB-MTC4List-r17                                                OPTIONAL    -- Cond SSBorAssociatedSSB              
    ]]   

}

SSB-MTC3List-r16::=                 SEQUENCE (SIZE(1..4)) OF SSB-MTC3-r16
SSB-MTC4List-r17::=                 SEQUENCE (SIZE(1..4)) OF SSB-MTC4-r17
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The IE SSB-MTC is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs.
SSB-MTC information element
-- ASN1START
-- TAG-SSB-MTC-START

SSB-MTC ::=                             SEQUENCE {
    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                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

SSB-MTC2 ::=                        SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M
    periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}

SSB-MTC2-LP-r16 ::=                 SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {sf10, sf20, sf40, sf80, sf160, spare3, spare2, spare1}
}

SSB-MTC3-r16 ::=                    SEQUENCE {
    periodicityAndOffset-r16            CHOICE {
        sf5-r16                                     INTEGER (0..4),
        sf10-r16                                    INTEGER (0..9),
        sf20-r16                                    INTEGER (0..19),
        sf40-r16                                    INTEGER (0..39),
        sf80-r16                                    INTEGER (0..79),
        sf160-r16                                   INTEGER (0..159),
        sf320-r16                                   INTEGER (0..319),
        sf640-r16                                   INTEGER (0..639),
        sf1280-r16                                  INTEGER (0..1279)
    },
    duration-r16                        ENUMERATED {sf1, sf2, sf3, sf4, sf5},
    pci-List-r16                        SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,  -- Need M
    ssb-ToMeasure-r16                   SetupRelease { SSB-ToMeasure }                                          OPTIONAL   -- Need M
}

SSB-MTC4-r17 ::=        SEQUENCE {

    pci-List-r17                       SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need R
    offset-r17                         INTEGER (0..1279)

}
-- TAG-SSB-MTC-STOP
-- ASN1STOP

Observation 4: For R17 NTN, at most four SMTC configurations are associated per MO.

2.2 Gap Coordination
Based on the observation1 and obervation2 in section 2.1, gap design coordination between NR_MG_enh-Core WI and NR_pos_enh-Core WI is easy to achieve. 
Proposal 1: Gap design coordination between NR_MG_enh-Core WI and NR_pos_enh-Core WI can be considered.
As for MUSIM gap, the gap design coordination with other gaps is not beneficial.  The concerns are listed below:
· MUSIM gap is not only used for measurements, putting MUSIM gap IE into the legacy IE MeasGapConfig is a little bit strange.
· Apart from periodic gaps, MUSIM gap also includes aperiodic gap, which is not supported by other type of gaps.
· Putting MUSIM gap IE into the legacy IE MeasGapConfig needs extra differentiation bit, which will make the MeasGapConfig design complex.
Based on the concerns above, we prefer to define a separate IE for MUSIM gap.
Proposal 2: Define a separate IE for MUSIM gap, i.e. Gap design coordination will not consider MUSIM gap.
Regarding to NTN specific gaps, more discussion is still needed, some companies think NTN specific gaps can be categorized into concurrent gap, but based on the RAN4 LS, the maximum number of concurrent gaps is less than 4 [3]:
· For UE not capable of per-FR MG, at maximum 2 per-UE MGs can be configured;
· For UE capable of per-FR MG, at maximum 2 per-UE MGs /2 per FR1 MGs /2 per FR2 MGs can be configured for any gap pattern from RAN2 signaling perspective.

Based on Observation 4, at most four gaps are needed per MO, which can not be supported by current concurrent gap definition [3]. More addition, each MO can be associated to only one concurrent gap based on RAN4 guidance, which also can not meet the requirement for R17 NTN, so if gap design coordination wants to consider R17 NTN gaps, more clarifications from RAN4 are still needed.
Proposal 3: More clarifications from RAN4 are still needed if gap design coordination wants to consider R17 NTN gaps.
1. Conclusion
In conclusion, we propose the following:
Observation 1: The legacy IE MeasGapConfig can be easily extended to support pre-configured gap and concurrent gap.
Observation 2: The ASN.1 structure combination between NR_MG_enh-Core WI and NR_pos_enh-Core WI is already possible if the baseline ASN.1 structure defined for NR_MG_enh-Core WI is adopted.
Observation 3: MUSIM gap is not only used for measurements and both periodic gaps and aperiodic gap are involved.
Observation 4: For R17 NTN, at most four SMTC configurations are associated per MO.
Proposal 1: Gap design coordination between NR_MG_enh-Core WI and NR_pos_enh-Core WI can be considered.
Proposal 2: Define a separate IE for MUSIM gap, i.e. Gap design coordination will not consider MUSIM gap.
[bookmark: _GoBack]Proposal 3: More clarifications from RAN4 are still needed if gap design coordination wants to consider R17 NTN gaps.
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