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1 Introduction
In Rel-17, there are several enhancements on (measurement) gap operation. In RAN2#116bis, RAN2 has discussed the gap coordination for several gap features and make the following agreements. 

· 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)

This paper continues to discuss the gap coordination for R17 gap features.

2 Discussion
2.1 Simultaneous configuration
RAN2 discussed the following gap features in RAN2#
· Feature 1 – Pre-Configured gap 
· Feature 2 – Concurrent Gap
· Feature 3 – Network control small gap (NCSG)
· Feature 4 – ePOS gap (Pre-configured MG for PRS)
· Feature 5 – NTN Gap
· Feature 6 – MUSIM gap
· Feature 7 – UL FR2 gap

RAN2 has assumed that UL FR2 gap could operated independently from other gap features. And so far, there is no agreement to change measurement gap from NTN WI. So, we only discussed the MGE gap (Feature 1 to 3), ePOS gap, and MUSIM gap in this section. In addition, pre-configured gap and NCSG is just a specifical type of measurement gap, so we can actually combine the first 3 feature as MGE gap. There will be no conflict within the first 3 features introduced in MGE WI.

Observation 1: There is no conflict for simultaneous configuration for the gap features introduced in MGE WI. 

First, on the relation between MUSIM gap and other gap for measurement (MGE or ePOS gap), we think there is no conflict at least in RAN2 procedure part. A UE may request gap for the activities on the other SIM (MUSIM gap) and at the same time performs measurement according to measurement gap. There could be time domain overlapping for joint configuration of MUSIM gap and measurement gap. In that case, we think that whether to perform measurement or MUSIM activities could be up to UE implementation (unless there is special requirement from RAN4).

Proposal 1: RAN2 confirms that MUSIM gap can be configured simultaneously with MGE or ePOS gaps. There is no conflict in RAN2 procedure. Whether to have specific UE behavior while there is time domain overlapping between MUSIM gap and other gaps is up to RAN4.

On the other hand, we think that ePOS gap feature is highly overlapping with legacy MG or the new gap feature in MGE WI. They are all used for measurement purpose. We think that there is some conflict on controlling mechanism as ePOS uses MAC CE to activate or deactivate the gap and the activation of MGE gap may be based on BWP switching or always activated. 

We think the ePOS gap could be configured together with legacy or MGE gap only if the UE support concurrent gap operation. ePOS gap is like an additional per UE gap and the maximum number of activated ePOS plus MGE gaps should not exceed the concurrent gap limitation defined by RAN4. In addition, if ePOS gap is configured, there is no need to use legacy or MGE gap to measurement PRS. Therefore, we have the following proposal.

Proposal 2: RAN2 assumes that ePOS gap can be configured simultaneously with MGE or legacy gaps with the following understanding. 
· Simultaneous configuration is only allowed for UE supports concurrent gap and ePOS gaps is counted as one per UE gap in concurrent gap operation (i.e. subject to maximum number of concurrent measurement gaps defined by RAN4)
· While ePOS gap is configured, MGE gap or legacy gap is NOT used for PRS measurement. The network should NOT associate any concurrent gap to PRS measurement.

Proposal 3: LS to RAN4 to check whether the understanding in P2 is correct.

2.2 Common or separate RRC configuration
In MGE WI, it has been agreed that RRC signaling will support joint configuration of all 3 feature introduced in this WI. So, in this section, we think only the following two question should be discussed
· Whether to have common ASN.1 configuration for MUSIM and MGE gaps
· Whether to have common ASN.1 configuration for ePOS and MGE gaps

For MUSIM gap, as mentioned in section 2.1, we consider it somehow independent form the measurement gaps. Although there are some similarities on the gap pattern configuration, we don’t see strong motivation to combine the configuration in ASN.1. Separate configuration is easier to be progressed in RAN2.

Proposal 4: Use separate RRC configuration for MUSIM gap and MGE gaps. There is no need to define MUSIM gap as one of concurrent gap (with purpose MUSIM) in ASN.1 structure.

For ePOS gap, there is some functional conflict with MGE gap as discussed in section 2.1. We understand that ePOS gap could not be merged with concurrent gap ASN.1 structure as they have different activation mechanism. If a gap is configured by concurrent gap and associated with PRS, it is always activated. On the other hand, if a gap is configured by ePOS, it is activated/deactivated by MAC CE. So, we believe that separate configuration is more suitable.

Proposal 5: Use separate RRC configuration for ePOS gap and MGE gaps.

In the Annex, we provide the ASN.1 sample definition for MUSIM gap, ePOS gap, and MGE gaps.
2.3 Maximum number of activated gaps
On maximum number of activated/configured gaps, we think that RAN4 could define the maximum number for all gaps that are used for measurement.

Proposal 6: For gap used for measurement, the maximum number of activated gaps is limited by limitation of concurrent gap defined by RAN4. 

On MUSIM gap, so far RAN2 agreed to have one aperiodic and two periodic gaps. RAN2 also RAN4 to discuss whether one more periodical gap is needed in LS R2-2201717. Therefore, we think that RAN4 could also discuss the limitation on maximum number of configured MUSIM and measurement gaps. We assume that the individual limitation on MUSIM and measurement gap is enough but better to check with RAN4.

[bookmark: _Hlk95747124]Proposal 7: LS to RAN4 to check whether the understanding in P6 is correct. In addition, ask RAN4 whether there is limitation on maximum number of configured MUSIM and measurement gaps.

3 Conclusions	
Base on the discussion in section 2, we have the following observations and proposals: 

Observation 1: There is no conflict for simultaneous configuration for the gap features introduced in MGE WI. 

Proposal 1: RAN2 confirms that MUSIM gap can be configured simultaneously with MGE or ePOS gaps. There is no conflict in RAN2 procedure. Whether to have specific UE behavior while there is time domain overlapping between MUSIM gap and other gaps is up to RAN4.

Proposal 2: RAN2 assumes that ePOS gap can be configured simultaneously with MGE or legacy gaps with the following understanding. 
· Simultaneous configuration is only allowed for UE supports concurrent gap and ePOS gaps is counted as one per UE gap in concurrent gap operation (i.e. subject to maximum number of concurrent measurement gaps defined by RAN4)
· While ePOS gap is configured, MGE gap or legacy gap is NOT used for PRS measurement. The network should NOT associate any concurrent gap to PRS measurement.

Proposal 3: LS to RAN4 to check whether the understanding in P2 is correct.

Proposal 4: Use separate RRC configuration for MUSIM gap and MGE gaps. There is no need to define MUSIM gap as one of concurrent gap (with purpose MUSIM) in ASN.1 structure.

Proposal 5: Use separate RRC configuration for ePOS gap and MGE gaps.

Proposal 6: For gap used for measurement, the maximum number of activated gaps is limited by limitation of concurrent gap defined by RAN4. 

Proposal 7: LS to RAN4 to check whether the understanding in P6 is correct. In addition, ask RAN4 whether there is limitation on maximum number of configured MUSIM and measurement gaps.
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Annex: Sample ASN.1 code for MGE, MUSIM, and ePOS

// For MUSIM gap

RRCReconfiguration-v1610-IEs ::=        SEQUENCE {
    otherConfig-v1610                       OtherConfig-v1610                                                    OPTIONAL, -- Need M
    bap-Config-r16                          SetupRelease { BAP-Config-r16 }                                      OPTIONAL, -- Need M
    iab-IP-AddressConfigurationList-r16     IAB-IP-AddressConfigurationList-r16                                  OPTIONAL, -- Need M
    conditionalReconfiguration-r16          ConditionalReconfiguration-r16                                       OPTIONAL, -- Need M
    daps-SourceRelease-r16                  ENUMERATED{true}                                                     OPTIONAL, -- Need N
    t316-r16                                SetupRelease {T316-r16}                                              OPTIONAL, -- Need M
    needForGapsConfigNR-r16                 SetupRelease {NeedForGapsConfigNR-r16}                               OPTIONAL, -- Need M
    onDemandSIB-Request-r16                 SetupRelease { OnDemandSIB-Request-r16 }                             OPTIONAL, -- Need M
    dedicatedPosSysInfoDelivery-r16         OCTET STRING (CONTAINING PosSystemInformation-r16-IEs)               OPTIONAL, -- Need N
    sl-ConfigDedicatedNR-r16                SetupRelease {SL-ConfigDedicatedNR-r16}                              OPTIONAL, -- Need M
    sl-ConfigDedicatedEUTRA-Info-r16        SetupRelease {SL-ConfigDedicatedEUTRA-Info-r16}                      OPTIONAL, -- Need M
    targetCellSMTC-SCG-r16                  SSB-MTC                                                              OPTIONAL, -- Need S
    nonCriticalExtension                    RRCReconfiguration-v17xy-IEsSEQUENCE {}                                         OPTIONAL
}


RRCReconfiguration-v17xy-IEs ::=         SEQUENCE {
    musim-GapConfig-r17                      MUSIM-GapConfig-r17                                                 OPTIONAL, -- Need M
    nonCriticalExtension                     SEQUENCE {}                                                         OPTIONAL
}

MUSIM-GapConfig-r17 ::=        SEQUENCE {
	musim-GapToReleaseList-r17       SEQUENCE (SIZE (1..FFS)) OF MUSIM-GapId-r17         OPTIONAL,
	musim-GapToAddModList-r17        SEQUENCE (SIZE (1..FFS)) OF MUSIM-GapInfo-r17       OPTIONAL,
   ...
}

MUSIM-GapId-r17 ::=      SEQUENCE {
      // To be discussed in MUSIM WI
}

MUSIM-GapInfo-r17 ::=          SEQUENCE {
      // To be discussed in MUSIM WI
}




// For positioning gap

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]],
    [[
    posMeasGapConfig-r17                PosMeasGapConfig-r17                                                OPTIONAL    -- Need M
    ]]
}

PosMeasGapConfig-r17 ::=        SEQUENCE {
	posGapToReleaseList-r17       SEQUENCE (SIZE (1..FFS)) OF posMeasGapId-r17         OPTIONAL,
	posGapToAddModList-r17        SEQUENCE (SIZE (1..FFS)) OF posMeasGapId-r17       OPTIONAL,
   ...
}

posMeasGapId-r17 ::=      SEQUENCE {
      // To be discussed in MUSIM WI
}

posMeasGapId-r17 ::=      SEQUENCE {
      // To be discussed in MUSIM WI
}




// For MGE

[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
}



