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1. Introduction
At RAN 90 meeting one WI related to Rel-17 RRM gap enhancement was agreed at [1], three topics were provided. The objective of multiple concurrent and independent MG patterns is copied here for information:
	Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG patterns [RAN4] 

· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time

· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 

· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Define the corresponding measurement requirements

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 

· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 

· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input


In the RAN4 LS[2], RAN4 kindly asks RAN2 to take the agreement[Annex C] into account and implement the configuration of concurrent MG patterns and the association between multiple measurement gaps and frequency layers/dedicated use cases to be measured. 
In this contribution, we provide our considerations on RRC signaling configuration regarding concurrent gaps based on RAN4 input.
2. Discussion
2.1 Configuration of concurrent MG
To define the RRC parameters for concurrent gap configuration, we firstly discuss the requirement of concurrent MG before discussing the detailed RRC IE.

Setup/update multiple concurrent MG by same or separate RRC messages
As per the concurrent MG definition [2], multiple measurement gaps are configured by either same or separate RRC messages. The configuration mechanism shall allow NW to either configure additional concurrent MGP or update the configured MGP.
In the configuration mechanism of legacy measurement gaps, measurement gap configuration is optional and maintained, i.e. UE supports the setup, maintain and release of the gaps. Therefore, there should be no problem configuring multiple measurement gaps by either same or separate RRC messages.

Observation 1: Concurrent MG are maintained, supporting setup and release.
Regarding the number of concurrent MG, it’s obvious to support at least 2 concurrent gaps for measurements on the serving cell. Furthermore, RAN2 has agreed to introduce two periodic per-UE gaps for MUSIM purpose, which means more measurement gaps are expected to support.
Observation 2: At least 2 concurrent gaps are supported.
Therefore, a future-proof configuration mechanism for concurrent MG should support a list of measurement gap configuration. To facilitate the maintaining of concurrent MG, measurement gap identity should be introduced to identify each separated gap.
Proposal 1: Introduce measurement gap identity to identify the gaps in concurrent gap configuration
Association between concurrent MGs and frequency layers
In LS[2], the association between concurrent MGs and frequency layers is required. “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.”
In the legacy measurement gap configuration mechanism, we can observe that the measurement gap is configured as per FR1, per FR2 or per UE, but not associated with frequency layers. Then additional solution is needed to support the Association between concurrent MGs and frequency layers.
Proposal 2: Concurrent MG are associated with frequency layers (dedicated use cases)
In LS[2], the detailed association requirement is raised. 
The measurement gap can be associated to one or multiple use cases, including:
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO

· PRS

One of the concurrent MG can be 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.
Regarding NR and EUTRA measurements, measurement object(MO) can differentiate RATs(NR or LTE frequency layers), and SSB and/or CSI-RS in NR MO. Therefore, a simple solution to associate the concurrent MGs and frequency layers is to add the associated Measurement objects in measurement gap configuration. for example, a list of MeasObjectId is added to identify one or multiple measurement objects which associate with the concurrent MG. This parameter is optional and need code is Maintain.
Proposal 3: Introduce a list of MeasObjectId in the concurrent gap configuration to identify one or multiple measurement objects which associate with the concurrent MG
Regarding positioning measurement, the existing Rel-15 measurement gap patterns can be used for positioning measurements. In addition to Rel-15 measurement gap patterns, Rel-16 new measurement gap patterns #24 and #25 are applicable for UEs configured with positioning measurements. In TS38.133[3], measurement gap patterns #24 and #25 can be requested by the UE only when the UE is configured at least with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period, which means measurement gap patterns #24 and #25 are associated with positioning measurement by default. However, regarding Rel-15 measurement gap patterns used for PRS, the association is still needed. Therefore, we propose to introduce a PRS association indicator in the measurement gap configuration of concurrent MG.  This parameter is optional and need code is Maintain.
Proposal 4: Introduce a PRS association indicator in the concurrent gap configuration
RRC IE for concurrent MG
In RAN4 LS[2], RAN4 raises the question “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. ” 
According to the aforementioned RRC parameter requirements, such as gap index, the list of MOs associated with measurement gap, the PRS association indicator, etc, we don’t think the existing IE for measurement gap configuration is feasible for concurrent MG.  We propose to introduce a new IE for concurrent gap configuration. As discussed, additional parameters should be introduced to the measurement gap configuration for concurrent MG, including measurement gap id, an optional list of MOs, PRS association indicator.
Proposal 5: Introduce new RRC IE for concurrent gap configuration
2.2 UE Capability
Multiple concurrent and independent gap pattern is a new feature to UE. The measurement gap configuration is applicable only when the UE supports it. Hence, the UE capability on the support of this feature should be considered. We think this UE capability is defined per UE.
Proposal 6: Introduce a UE capability on the support of multiple concurrent and independent gap patterns, the UE capability is defined per UE. 
2.3 TP for concurrent MG
The corresponding TPs on TS 38.331 and TS 38.306 for the concurrent MG considering the above proposals are provided in Annex A and Annex B, respectively. 
Proposal 7: RAN2 to consider the corresponding TPs on TS 38.331 and TS 38.306 for concurrent MG.  

3. Conclusion

In this contribution, we discuss RRC signaling for concurrent MG. Based on the discussion, we have the following observations and proposals:

Observation 1:
Concurrent MG are maintained, supporting setup and release.
Observation 2:
At least 2 concurrent gaps are supported.
Proposal 1:
Introduce measurement gap identity to identify the gaps in concurrent gap configuration
Proposal 2:
Concurrent MG are associated with frequency layers (dedicated use cases)
Proposal 3:
Introduce a list of MeasObjectId in the concurrent gap configuration to identify one or multiple measurement objects which associate with the concurrent MG
Proposal 4:
Introduce a PRS association indicator in the concurrent gap configuration
Proposal 5:
Introduce new RRC IE for concurrent gap configuration
Proposal 6:
Introduce a UE capability on the support of Multiple concurrent and independent gap patterns, the UE capability is defined per UE.
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6.3.2
Radio resource control information elements
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Start of change

–
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                   SetupRelease { ConcurrentGapConfigList }                                OPTIONAL    -- Need M
]]
}

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

    ]]

}

-- TAG-MEASGAPCONFIG-STOP

-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1

Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2

Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE

Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapOffset

Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl

Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 is present, UE shall ignore the mgl (without suffix).

	mgrp

Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta

Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refFR2ServCellAsyncCA

Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator

Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.


	Conditional Presence
	Explanation

	AsyncCA
	This field is mandatory present when configuring FR2 gap pattern to UE in:

- (NG)EN-DC or NR SA with asynchronous CA involving FR2 carrier(s);
- NE-DC or NR-DC with asynchronous CA involving FR2 carrier(s), if the field refServCellIndicator is set to mcg-FR2.
In case the gap pattern to UE in NE-DC and NR-DC is already configured and the serving cell used for the gap calculation corresponds to a serving cell on FR2 frequency in MCG, then the field is optionally present, need M. Otherwise, it is absent, Need R.

	NEDCorNRDC
	This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.

	PRS
	This field is optionally present, Need R, when configuring gap pattern to UE for measurements of DL-PRS configured via LPP (TS 37.355 [49]). Otherwise, it is absent.


–
ConcurrentGapConfigList
The IE ConcurrentGapConfigList concerns a list of concurrent gaps to add or modify or release.

ConcurrentGapConfigList information element

-- ASN1START

-- TAG-CONCURRENTGAPCONFIGLIST-START

ConcurrentGapConfigList ::=                 SEQUENCE (SIZE (1..maxNrofGapId)) OF ConcurrentGapConfig-r17
ConcurrentGapConfig-r17 ::=                 SEQUENCE {

measGapId                                   MeasGapId                                                   OPTIONAL,
gapConfig                                   GapConfig                                                   OPTIONAL,
measObjectIdList                            SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId        OPTIONAL,

    prs-Associated                              ENUMERATED {true}                                           OPTIONAL,
    ...
}

MeasGapId ::=                    INTEGER (1..maxNrofGapId)

-- TAG-CONCURRENTGAPCONFIGLIST-STOP

-- ASN1STOP

	ConcurrentGapConfigList field descriptions

	measGapId
Value measGapId is used to identify a measurement gap.

	measObjectIdList
Indicates measurement object(s) which associate with the concurrent measurement gap.

	prs-Associated
Indicates whether the concurrent MG is associated with positioning measurements.

	


Next change

6.3.3
UE capability information elements

–
MeasAndMobParameters
The IE MeasAndMobParameters is used to convey UE capabilities related to measurements for radio resource management (RRM), radio link monitoring (RLM) and mobility (e.g. handover).

MeasAndMobParameters information element

-- ASN1START

-- TAG-MEASANDMOBPARAMETERS-START

MeasAndMobParameters ::=                    SEQUENCE {

    measAndMobParametersCommon              MeasAndMobParametersCommon              OPTIONAL,

    measAndMobParametersXDD-Diff                MeasAndMobParametersXDD-Diff        OPTIONAL,

    measAndMobParametersFRX-Diff                MeasAndMobParametersFRX-Diff        OPTIONAL
}

MeasAndMobParametersCommon ::=          SEQUENCE {

    supportedGapPattern                     BIT STRING (SIZE (22))                  OPTIONAL,

    ssb-RLM                                 ENUMERATED {supported}                  OPTIONAL,

    ssb-AndCSI-RS-RLM                       ENUMERATED {supported}                  OPTIONAL,

    ...,

    [[

    eventB-MeasAndReport                    ENUMERATED {supported}                  OPTIONAL,

    handoverFDD-TDD                         ENUMERATED {supported}                  OPTIONAL,

    eutra-CGI-Reporting                     ENUMERATED {supported}                  OPTIONAL,

    nr-CGI-Reporting                        ENUMERATED {supported}                  OPTIONAL
    ]],

    [[

    independentGapConfig                    ENUMERATED {supported}                  OPTIONAL,

    periodicEUTRA-MeasAndReport             ENUMERATED {supported}                  OPTIONAL,

    handoverFR1-FR2                         ENUMERATED {supported}                  OPTIONAL,

    maxNumberCSI-RS-RRM-RS-SINR             ENUMERATED {n4, n8, n16, n32, n64, n96} OPTIONAL
    ]],

    [[

    nr-CGI-Reporting-ENDC                   ENUMERATED {supported}                  OPTIONAL
    ]],

    [[

    eutra-CGI-Reporting-NEDC                ENUMERATED {supported}                  OPTIONAL,

    eutra-CGI-Reporting-NRDC                ENUMERATED {supported}                  OPTIONAL,

    nr-CGI-Reporting-NEDC                   ENUMERATED {supported}                  OPTIONAL,

    nr-CGI-Reporting-NRDC                   ENUMERATED {supported}                  OPTIONAL
    ]],

    [[

    reportAddNeighMeasForPeriodic-r16       ENUMERATED {supported}                  OPTIONAL,

    condHandoverParametersCommon-r16        SEQUENCE {

       condHandoverFDD-TDD-r16                  ENUMERATED {supported}              OPTIONAL,

       condHandoverFR1-FR2-r16                  ENUMERATED {supported}              OPTIONAL
    }                                                                               OPTIONAL,

    nr-NeedForGap-Reporting-r16             ENUMERATED {supported}                  OPTIONAL,

    supportedGapPattern-NRonly-r16          BIT STRING (SIZE (10))                  OPTIONAL,

    supportedGapPattern-NRonly-NEDC-r16     ENUMERATED {supported}                  OPTIONAL,

    maxNumberCLI-RSSI-r16                   ENUMERATED {n8, n16, n32, n64}          OPTIONAL,

    maxNumberCLI-SRS-RSRP-r16               ENUMERATED {n4, n8, n16, n32}           OPTIONAL,

    maxNumberPerSlotCLI-SRS-RSRP-r16        ENUMERATED {n2, n4, n8}                 OPTIONAL,

    mfbi-IAB-r16                            ENUMERATED {supported}                  OPTIONAL,

    dummy                                   ENUMERATED {supported}                  OPTIONAL,

    nr-CGI-Reporting-NPN-r16                ENUMERATED {supported}                  OPTIONAL,

    idleInactiveEUTRA-MeasReport-r16        ENUMERATED {supported}                  OPTIONAL,

    idleInactive-ValidityArea-r16           ENUMERATED {supported}                  OPTIONAL,

    eutra-AutonomousGaps-r16                ENUMERATED {supported}                  OPTIONAL,

    eutra-AutonomousGaps-NEDC-r16           ENUMERATED {supported}                  OPTIONAL,

    eutra-AutonomousGaps-NRDC-r16           ENUMERATED {supported}                  OPTIONAL,

    pcellT312-r16                           ENUMERATED {supported}                  OPTIONAL,

    supportedGapPattern-r16                 BIT STRING (SIZE (2))                   OPTIONAL
    ]],

[[

concurrentMG-r17

                    ENUMERATED {supported}                  OPTIONAL,
]]

}

MeasAndMobParametersXDD-Diff ::=        SEQUENCE {

    intraAndInterF-MeasAndReport            ENUMERATED {supported}                  OPTIONAL,

    eventA-MeasAndReport                    ENUMERATED {supported}                  OPTIONAL,

    ...,

    [[

    handoverInterF                          ENUMERATED {supported}                  OPTIONAL,

    handoverLTE-EPC                         ENUMERATED {supported}                  OPTIONAL,

    handoverLTE-5GC                         ENUMERATED {supported}                  OPTIONAL
    ]],

    [[

    sftd-MeasNR-Neigh                       ENUMERATED {supported}                  OPTIONAL,

    sftd-MeasNR-Neigh-DRX                   ENUMERATED {supported}                  OPTIONAL
    ]],

    [[

    dummy                                   ENUMERATED {supported}                  OPTIONAL
    ]]

}

MeasAndMobParametersFRX-Diff ::=            SEQUENCE {

    ss-SINR-Meas                                ENUMERATED {supported}              OPTIONAL,

    csi-RSRP-AndRSRQ-MeasWithSSB                ENUMERATED {supported}              OPTIONAL,

    csi-RSRP-AndRSRQ-MeasWithoutSSB             ENUMERATED {supported}              OPTIONAL,

    csi-SINR-Meas                               ENUMERATED {supported}              OPTIONAL,

    csi-RS-RLM                                  ENUMERATED {supported}              OPTIONAL,

    ...,

    [[

    handoverInterF                              ENUMERATED {supported}              OPTIONAL,

    handoverLTE-EPC                             ENUMERATED {supported}              OPTIONAL,

    handoverLTE-5GC                             ENUMERATED {supported}              OPTIONAL
    ]],

    [[

    maxNumberResource-CSI-RS-RLM                ENUMERATED {n2, n4, n6, n8}         OPTIONAL
    ]],

    [[

    simultaneousRxDataSSB-DiffNumerology        ENUMERATED {supported}              OPTIONAL
    ]],

    [[

    nr-AutonomousGaps-r16                       ENUMERATED {supported}              OPTIONAL,

    nr-AutonomousGaps-ENDC-r16                  ENUMERATED {supported}              OPTIONAL,

    nr-AutonomousGaps-NEDC-r16                  ENUMERATED {supported}              OPTIONAL,

    nr-AutonomousGaps-NRDC-r16                  ENUMERATED {supported}              OPTIONAL,

    dummy                                       ENUMERATED {supported}              OPTIONAL,

    cli-RSSI-Meas-r16                           ENUMERATED {supported}              OPTIONAL,

    cli-SRS-RSRP-Meas-r16                       ENUMERATED {supported}              OPTIONAL,

    interFrequencyMeas-NoGap-r16                ENUMERATED {supported}              OPTIONAL,

    simultaneousRxDataSSB-DiffNumerology-Inter-r16  ENUMERATED {supported}          OPTIONAL,

    idleInactiveNR-MeasReport-r16               ENUMERATED {supported}              OPTIONAL,

    -- R4 6-2: Support of beam level Early Measurement Reporting
    idleInactiveNR-MeasBeamReport-r16           ENUMERATED {supported}              OPTIONAL
    ]],

    [[

    increasedNumberofCSIRSPerMO-r16             ENUMERATED {supported}              OPTIONAL
    ]]

}

-- TAG-MEASANDMOBPARAMETERS-STOP

-- ASN1STOP
End of change

Annex B TP for TS 38.306
Start of change

4.2.9
MeasAndMobParameters
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	----Omit-----
	
	
	
	

	concurrentMG-r17
Defines whether the UE supports concurrent measurement gaps as specified in TS 38.331 [9]. 
	UE
	No
	No
	No

	----Omit-----
	
	
	
	


End of change

Annex C RAN4 Agreement

In LS[2], RAN4 has reached the following agreements on multiple concurrent MG patterns in R17 NR and MR-DC measurement gap enhancements: 
	For definition of concurrent gaps: 

Agreements: 

· 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.

For applicability and configurations of concurrent gaps: 

Agreements: 

· 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.

Note: 

· It is RAN4 common understanding that frequency layer includes positioning frequency layer. 

· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)

· SSB, CSI-RS and PRS are treated as different frequency layers

· One MG can be associated with multiple frequency layers, while one frequency layers can only be associated to a single MG.
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