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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2 meeting, RAN2 made some agreements on concurrent MG. In this contribution, we would like to continue discussing remaining open issues on concurrent MG.
Discussion
2.1. Concurrent MG in SA
1）Multiple gap configuration
According to the offline discussion [1], there are some possible options on how to configure the multiple gaps.
· Alt 1 - Introducing multiple gap configuration in IE MeasConfig  by duplicating MeasGapConfig
· Alt 2 - Introducing multiple gap configuration in IE MeasGapConfig by duplicating GapConfig, in this case gap id is extended within GapConfig.
· Alt 3 - Introducing multiple gap configuration in IE MeasGapConfig by duplicating a new IE which contains GapConfig and gap id.
Sample  ASN.1 code for Alt 1 
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
    ]],
	[[
	measGapConfigList-r17				SetupRelease { measGapConfigList-r17 }    OPTIONAL    -- Need M
	]]
}

MeasGapConfigList-r17 ::=        SEQUENCE {
    measGapToRemoveList-r17          MeasGapToRemoveList-r17                OPTIONAL,   -- Need N
    measGapToAddModList-r17          MeasGapToAddModList-r17                OPTIONAL    -- Need N
}

MeasGapToRemoveList-r17 ::=      SEQUENCE (SIZE (1..2)) OF MeasGapId-r17

MeasGapToAddModList-r17 ::=      SEQUENCE (SIZE (1..2)) OF MeasGapToAddMod-r17

MeasGapToAddMod-r17 ::=          SEQUENCE {
    measGapId-r17                     MeasGapId-r17,
    measGapConfig-r17                 MeasGapConfig,
    associatedPRS-r17                 BOOLEAN
}

Sample  ASN.1 code for Alt 2
MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }        OPTIONAL    -- Need M
    ]],
    [[
    gapUEToAddModList-r17         SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapUEToReleaseList-r17        SEQUENCE (SIZE (1..TBD)) OF GapId-r17	OPTIONAL,   -- Need N        
    gapFR1ToAddModList-r17        SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapFR1ToReleaseList-r17       SEQUENCE (SIZE (1..TBD)) OF GapId-r17	OPTIONAL,   -- Need N        
    gapFR2ToAddModList-r17        SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N        
    gapFR2ToReleaseList-r17       SEQUENCE (SIZE (1..TBD)) OF GapId-r17	 OPTIONAL    -- Need N        
	]]
}

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},
    ...,
    [[
[bookmark: _Hlk92311600]    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]],
[[
gapId-r17                           GapId-r17          OPTIONAL
}

Sample ASN.1 code for Alt 3

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }        OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }        OPTIONAL    -- Need M
    ]],
    [[
gapUE-ToAddModList-r17         SEQUENCE (SIZE (1..2)) OF GapConfigToAddMod-r17		OPTIONAL,   -- Need N        
    gapUE-ToReleaseList-r17        SEQUENCE (SIZE (1..2)) OF GapId-r17	OPTIONAL,   -- Need N        
    gapFR1ToAddModList-r17        SEQUENCE (SIZE (1..2)) OF GapConfigToAddMod-r17		OPTIONAL,   -- Need N        
    gapFR1ToReleaseList-r17       SEQUENCE (SIZE (1..2)) OF GapId-r17	OPTIONAL,   -- Need N        
    gapFR2ToAddModList-r17        SEQUENCE (SIZE (1..2)) OF GapConfigToAddMod-r17		OPTIONAL,   -- Need N        
[bookmark: _Hlk92314816]    gapFR2ToReleaseList-r17       SEQUENCE (SIZE (1..2)) OF GapId-r17	OPTIONAL    -- Need N        
	]]
}
[bookmark: _Hlk92314271]MeasGapToAddMod-r17 ::=          SEQUENCE {
    gapId-r17                     GapId-r17,
    gapConfig-r17                 SetupRelease { GapConfig }        OPTIONAL,    -- Need M
…
}

Concurrent MGs are still measurement gaps. It is straightforward to introduce concurrent MGs in IE MeasGapConfig.
In the LS [2], RAN4 mentioned joint working among pre-configured gap, concurrent gap and NCSG.
	By the end of RAN4#101-e meeting, RAN4 has been focusing on the individual requirements for the three objectives in the NR_MG_enh WI. There is no consensus in RAN4 whether requirements for joint working among pre-configured gap, concurrent gap and NCSG will be defined in Rel-17, mainly due to time limitation. 
It is RAN4 understanding that RAN2 will take joint working among Pre-MG, NCSG and concurrent gaps into account in RRC signalling design for forward compatibility, if it is considered as feasible by RAN2.


If new gap configurations or types other than GapConfig are introduced, with alt2, concurrent MGs cannot be worked with them directly, but with alt3, concurrent MGs can be worked with them via extending these new parameters in MeasGapToAddMod-r17. Hence, alt3 is more flexible and compatible for joint work among concurrent gap with other gaps. Thus, we propose:
Proposal 1: Introduce multiple gap configurations in IE MeasGapConfig by duplicating a new IE which contains GapConfig and gap id.

2）Associate purpose and MG
On how to associate purpose with MG, there are some possible options [1]:
· Alt-1: Indicate the associated gaps (via “gap ID”) in MO; (for PRS measurement, indicating in the association in MG configuration).
· Alt-2: Indicate list of MeasObjectID or use cases in the associated concurrent MG configuration
· [bookmark: _Hlk92317925]Alt-3: Define a new IE to configure the association between concurrent MG id and list of MeasObjectID or use cases in IE MeasConfig.
ASN.1 example of alt-1:
MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR         OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing     OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC               OPTIONAL,   -- Cond SSBorAssociatedSSB
<Skip…>
    ...,
    [[
    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            GapId-r17           OPTIONAL,   -- Need R
    associatedMeasGapCSIRS-r17          GapId-r17           OPTIONAL    -- Need R
    ]]
}

//skip irrelevant part
MeasGapToAddMod-r17 ::=          SEQUENCE {
    gapId-r17                     GapId-r17,
gapConfig-r17                 SetupRelease { GapConfig }        OPTIONAL,    -- Need M
associatedPRS-r17                 BOOLEAN,
…
}


ASN.1 example of alt-2:

MeasGapToAddMod-r17 ::=          SEQUENCE {
    measGapId-r17                     MeasGapId-r17,
measGapConfig-r17                 MeasGapConfig         Optional,
measObject-SSB-IdToAddList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-SSB-IdToReleaseList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-CSIRS-IdToAddList        SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-CSIRS-IdToReleaseList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
[bookmark: _Hlk92314379]associatedPRS-r17                 BOOLEAN,
    …,
}

ASN.1 example of alt-3:
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
]],
[[
associatedinfo-r17                 Associatedinfo-r17       optional    --Need M
]]
}


Associatedinfo-r17::=          SEQUENCE {
measGapId-r17                     MeasGapId-r17,
measObject-SSB-IdToAddList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-SSB-IdToReleaseList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-CSIRS-IdToAddList        SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
measObject-CSIRS-IdToReleaseList          SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId   OPTIONAL, -- Need N
associatedPRS-r17                 BOOLEAN,
…,
}


With alt1, if the association between concurrent MG and frequency layer changes, the network needs to update measurement object configuration which will lead the UE to remove the measurement reporting entry for the measid associated with this measurement object. For example, due to the addition of some new MOs, concurrent MGs are added. Then the configurations of existing MOs need to be updated with adding the association. The measurement reporting entries of existing MOs are removed.
With alt2, the measGapConfig is absent if the NW only wants to change the association between frequency layer and concurrent MGs. Hence, alt2 is similar as alt3. But with alt3, the NW needs to include Gap Id twice if both parameters of concurrent MG and the association need to be configured simultaneously.
In MR-DC case, the association between concurrent MGs and frequency layer configured by SN can be sent from MN or SN directly with both alt2 and alt3. If it is sent from SN directly while concurrent MGs is not configured by SN, alt 2 needs more optional bits than alt3. But it is not a big deal.
Hence, both alt2 and alt3 are acceptable.
Proposal 2: RAN2 to discuss which option is adopted for the association between concurrent MG and frequency layer with the following options:
· Alt-2: Indicate list of MeasObjectID or use cases in the associated concurrent MG configuration
· Alt-3: Define a new IE to configure the association between concurrent MG id and list of MeasObjectID or use cases in IE MeasConfig.
2.2. Concurrent MG in MR-DC
According to the following note in [3], the scenarios of eMG also include MR-DC scenarios.
	Notes:
· The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
· The work on all objectives should consider UEs in RRC CONNECTED mode only. 
· The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.


Concurrent MGs are multiple measurement gaps configured by RRC message. In MR-DC, it is more possible to have more measurement objects with different requirements which require concurrent MGs to provide flexible and efficient measurement gaps. Hence, we propose:
Proposal 3: Cocurrent MG also applied to MR-DC scenarios.
Which node to decide cocurrent MG configuration:
· Alt1: Follow the same framework for MG configuration in MR-DC scenarios
In NE-DC and NR-DC, MN decides per UE concurrent MG, FR1 concurrent MG and FR2 concurrent MG.
In (NG)EN-DC, MN decides per UE concurrent MG, FR1 concurrent MG while SN decides FR2 concurrent MG.
· Alt2: If one current MG is applicable to only measurement objects in SN, SN decides the concurrent MG. Otherwise, MN decides concurrent MG.
Alt2 introduces additional complexity. For example, we need to discuss how the handle the concurrent MG configurations if both MN and SN decide to configure concurrent MG with the same type simultaneously.
Alt1 is preferred.
Proposal 4: For concurrent MG in MR-DC scenarios, follow the same framework for MG configuration in MR-DC scenarios in Rel-15, i.e.:
· In NE-DC and NR-DC, MN decides per UE concurrent MG, per FR1 concurrent MG and per FR2 concurrent MG.
· In (NG)EN-DC, MN decides per UE concurrent MG, per FR1 concurrent MG while SN decides per FR2 concurrent MG.
How to configure the association between concurrent MG and MOs configured by SN:
If proposal 4 is agreed, in NE-DC and NR-DC, the MN decides concurrent MGs. Currently the MN doesn’t know MO ids configured by SN. There are two possible options to configure the association between concurrent MG and MOs configured by SN.
Option 1: The SN sends MO ids to the MN when the SN indicates a list of frequencies measured by the UE.
With the option, the MN can add MO ids configured by SN to the association between concurrent MG and frequency layers. The MN needs further indicate the MO id is configured by SN. Then the UE can obtain the association between concurrent MG and MOs configured by SN.
Option 2: The MN sends the association between concurrent MG and frequency layer list (not MO id list) to the SN.
With the option, the SN can determine the association between concurrent MG and MO ids configured by SN. Then the SN sends the association to the UE directly.
RAN2 can discuss which option is acceptable. As for the concurrent MG and MOs configured by MN if per FR2 concurrent MG is configured by SN in (NG)EN-DC, the same principle can be applied.
Proposal 5: RAN2 to discuss how to configure the association between concurrent MG and MOs configured by SN if concurrent MG is decided by MN:
· Option 1: The SN sends MO ids to the MN when the SN indicates a list of frequencies measured by the UE. Then the MN can add MO ids configured by SN to the association between concurrent MG and frequency layers.
· Option 2: The MN sends the association between concurrent MG and frequency layer list (not MO id list) to the SN. The SN sends the association between concurrent MG and MO ids configured by SN.
Conclusion
In this contribution, we discuss concurrent MG based on offline discussion in RAN2#116 e-meeting and the latest LS from RAN4. 
For concurrent MG in SA, we propose:
Proposal 1: Introduce multiple gap configurations in IE MeasGapConfig by duplicating a new IE which contains GapConfig and gap id.
Proposal 2: RAN2 to discuss which option is adopted for the association between concurrent MG and frequency layer with the following options:
· Alt-2: Indicate list of MeasObjectID or use cases in the associated concurrent MG configuration
· Alt-3: Define a new IE to configure the association between concurrent MG id and list of MeasObjectID or use cases in IE MeasConfig.
For concurrent MG in MR-DC, we propose:
Proposal 3: Cocurrent MG also applied to MR-DC scenarios.
Proposal 4: For concurrent MG in MR-DC scenarios, follow the same framework for MG configuration in MR-DC scenarios in Rel-15, i.e.:
· In NE-DC and NR-DC, MN decides per UE concurrent MG, per FR1 concurrent MG and per FR2 concurrent MG.
· In (NG)EN-DC, MN decides per UE concurrent MG, per FR1 concurrent MG while SN decides per FR2 concurrent MG.
Proposal 5: RAN2 to discuss how to configure the association between concurrent MG and MOs configured by SN if concurrent MG is decided by MN:
· Option 1: The SN sends MO ids to the MN when the SN indicates a list of frequencies measured by the UE. Then the MN can add MO ids configured by SN to the association between concurrent MG and frequency layers.
· Option 2: The MN sends the association between concurrent MG and frequency layer list (not MO id list) to the SN. The SN sends the association between concurrent MG and MO ids configured by SN.
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