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Introduction
Before the last meeting, an LS was received from RAN4 on concurrent MG in the MG enhancement WI [1], in which RAN2 is asked to design the signalling for concurrent MG based on RAN4 agreements. The corresponding RAN4 agreements are as follows:
	· Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MGP or update the configured MGP.
· When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
· If it is not feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided, then additional solution can be discussed on how to handle this use case.
· The measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS
· It is feasible that one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs, e.g.,
· One gap is associated with only LTE measurement 
· One gap is associated with other measurements including NR.


And a latest LS form RAN4 about concurrent MG propose some further agreement [2], as following:
	· PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps. It is up to network whether to associate a gap only to PRS measurement.
· RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective.
· Measurements for different frequency layers but with the same reference signal can be associated to different concurrent MGs.
· 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.


In this contribution, we analyse the potential RAN2 impact taking the above information into account.
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· Signaling on supporting gap association to 2G/3G
According to LS from RAN4, RAN2 is requested to decide whether to support gap association to 2G/3G from signaling perspective. 
In NR single carrier, NR CA, and NR-DC scenarios, there are only measurements on NR, E-UTRA and UTRA FDD (for SRVCC), no GSM measurements. For dual connection scenario, measurements can be configured independently by the MN and by the SN (intra-RAT measurements on serving and non-serving frequencies). For NR-DC case, SN can configure the NR measurements only. For NE-DC case, MN can configure NR measurements, E-UTRA measurements and UTRA measurements for SRVCC, SN can configure E-UTRA measurements. For (NG)EN-DC case, SN can configure NR measurements only, but MN can configure all kinds of measurements, i.e., NR measurements, E-UTRA measurements, UTRA measurements for SRVCC and GSM measurements.
Even though 2G/3G measurements can be configured in MR-DC scenarios, we think it is sufficient to group them together with E-UTRA measurements into “inter-RAT” measurements. From signalling perspective, if the gNB indicates the MG is associated to ‘inter-RAT’ use case, the MG can be used to perform 2G/3G/LTE measurements.
Proposal 1: From signalling perspective, to support 2G/3G/LTE measurement, the purpose of MG can be indicated as ‘inter-RAT’.
· Configuring the association between measurement gap and frequency layers/dedicated use cases
Based on the agreements of RAN4, multiple measurement gaps can be configured to associate with frequency layers or dedicated use cases to be measured, which lead to two kinds of signalling configuration from RAN2 perspective:
· Option 1: MG is configured to associate with the use case(s)
The use cases for MO could be measurement of SSBs, measurement of CSI-RSs, measurement of LTE or measurement of PRS. In this solution, one MG can be configured to relate to SSBs use case, CRS-RS use case and so on. The signaling under this method will be simpler and cleaner. However, it may introduce some restriction on the time alignment of RSs in different frequency layers for one use case. For example, if a MG is configured to measure CSI-RSs, the CSI-RSs to be measured in different frequencies have to be aligned in time domain. 
· Option 2: MG is configured to associate with the frequency layer(s)
In this option, the MG can be configured to associate with some specific frequency layers, where each frequency layer can represent a SSB or a CSI-RS in the associated NR MO, or PRS. This option is more flexible and allows configuring a subset of CSI-RSs to one gap and configuring another subset of CSI-RSs to another gap. However, in this way, the signalling is more complex than the signalling of option 1. Especially if all the SSBs or CSI-RS of MOs are associated to one MG, the configuration message will consist a list of all frequency layers of SSB or CSI-RSs.
A more efficient way would be to allow configuring both option1 and option2, i.e., the network can choose to configure a gap to associate with some particular use cases and/or frequency layer to be measured based on the time alignment characters of RSs to be measured. One configuration example is shown as below:
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
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    [[
    gapAssociation-r17					GapAssoication				OPTIONAL    -- Need R
    ]]
}

GapAssoication ::=                 SEQUENCE {
    gapPurpose                          GapPurpose                  OPTIONAL,    -- Need R
    frequencyLayers                      FrequencyLayersList	        OPTIONAL     -- Need R
}

GapPurpose ::=                     SEQUENCE {
    rsType                              SEQUENCE {
		ssb		                      	BOOLEAN,
		csi-rs		                      	BOOLEAN,
		prs		                      	BOOLEAN
	},
rat                              	ENUMERATED {nr,inter-RAT}   OPTIONAL    -- Need R
}

FrequencyLayersList :: =   	SEQUENCE (SIZE (1..maxlayers)) OF FrequencyLayers

FrequencyLayers ::=                 CHOICE {
	prs									ARFCN-ValueNR,
	non-prs								SEQUENCE {
		rsType 								CHOICE {
			ssb		                      		BOOLEAN,
			csi-rs		                      	BOOLEAN
		},
		mo-Index                            MeasObjectId
	}
}

If GapAssociation is not included, the MG will be treated as the legacy MG. 
Proposal 2: RAN2 discusses how to configure the association between measurement gap and frequency layers/dedicated use cases.
· Configuring multiple measurement gaps
In the LS form RAN4 [2], the maximum number of concurrent MGs is given as following:
	For UE not capable of per-FR MG, at maximum 2 per-UE MGs can be configured.
For UE capable of per-FR MG, the following configurations are supported:
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported





According to this, the numbers of per-UE MG, per FR1 MG, and per FR2 MG will not exceed 2 separately, although type 3-6 is not conclusive. Therefore, for simplicity, we can add a set of extension gap configurations in MeasGapConfig at the same level as gapUE, gapFR1 and gapFR2 IE, as below:
MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }       OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }       OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }       OPTIONAL    -- Need M
]],
[[
gap2FR1                             SetupRelease { GapConfig }       OPTIONAL,   -- Need M
gap2FR2                             SetupRelease { GapConfig }       OPTIONAL,   -- Need M
gap2UE                              SetupRelease { GapConfig }       OPTIONAL    -- Need M
]]
}


Proposal 3: Add a set of extended gap configurations in MeasGapConfig to configure multiple measurement gaps.
Conclusion
In this contribution, we discussed potential impacts on RAN2 of concurrent MG and the following proposals are provided:
Proposal 1: From signalling perspective, to support 2G/3G/LTE measurement, the purpose of MG can be indicated as ‘inter-RAT’.
Proposal 2: RAN2 discusses how to configure the association between measurement gap and frequency layers/dedicated use cases.
Proposal 3: Add a set of extended gap configurations in MeasGapConfig to configure multiple measurement gaps.
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