[bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG2 #111-e                                                                                       R2-2008064
eMeeting, 17th – 28th, August, 2020

Agenda Item:	    6.1.2
Source: 	    MediaTek Inc.
[bookmark: OLE_LINK7]Title:		    Discussion on early measurement capabilities
Document for:	    Discussion and decision
1 Introduction
In Rel-16 eDCCA WI, the NR early measurement reporting feature is introduced. The corresponding capabilities are agreed/endorsed in the CRs [1][2][3][4]. However, RAN4 send a LS [5] to RAN2 and indicated that capability of beam level reporting for early measurement may be needed. The beam level Early Measurement Reporting is also listed in index 6-4 of RAN4 feature table [6].
 
The paper discuss the change of RRC Signaling for this beam level reporting capability. We also discuss the FR1/FR2 separation aspect for both new and original capabilities.
2 Discussion
According to the feature 6-4 from RAN4 feature table [6], a new Per-UE capability is introduced for beam level reporting as the following table. We understand this is for SSB based NR early measurement as there is no beam level reporting for LTE CRS measurement. 

Table 1 – RAN4 Feature 6-4
	Index
	Feature group
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Mandatory/Optional

	[6-4]
	Support of beam level Early Measurement Reporting
	TBD
	Yes
	Per UE
	No
	No
	[Optional with capability signalling]




The RAN4 feature 6-4 is not finalized yet as the index is marked with brackets. Nevertheless, we notice that FR1/FR2 differentiation is set to “No” in this version, which is a little bit strange because RAN2 already decided that the basic NR early measurement capability (i.e. idleInactiveNR-MeasReport-r16) is FR1/FR2 separated. RAN2 has this decision based on the reason that FR2 measurement is quite different from FR1 (more changeling design and has higher power consumption). We think that it makes sense that the beam level report follow the same logic and RAN2 could also have opinion on this measurement capability design. Thus we propose to introduce the capability with FRX differentiation.

Proposal 1: For NR early measurement, introduce per-UE beam level reporting capability with FRX differentiation in both LTE and NR. (This could be revised if RAN4 concluded in different way)

Another aspect on the FRX separation is that whether the separation is based the serving cell or the target cell. In our understanding, most RRM measurement capability with FRX separation are based on the target cell. Also in LTE, it is clear the intention of FRX differentiation is based on target cell because the LTE serving cell could only be FR1. Thus we propose that RAN2 should clarify the FRX separation of early measurement (including the beam level reporting) is based in the FR mode of targets.

Proposal 2: RAN2 to clarify that the FRX separation for NR early measurement capability is based on the FR mode of target cell.

The follow table summarized our view of early measurement capabilities. The highlighted part is newly added ones.

Table 2 – Proposed early measurement capabilities
	Capability Container
	ASN.1
	Description
	FRX Diff

	LTE
	ca-IdleModeMeasurements-r15
	LTE CRS based measurement in LTE IDLE (R15)
	No

	LTE
	endc-IdleInactiveMeasFR1-r16 
and 
endc-IdleInactiveMeasFR2-r16
	NR SSB based measurement in LTE IDLE, INACTIVE, and RRC connection suspension
	 
Yes

	LTE
	endc-IdleInactiveBeamMeasFR1-r16 and 
endc-IdleInactiveBeamMeasFR2-r16
	Beam level reporting for NR early measurement in LTE IDLE/INACTIVE.
 
A UE supports this shall also supports endc-IdleInactiveMeasFR1-r16 or endc-IdleInactiveMeasFR2-r16.
	Yes

	NR
	idleInactiveEUTRA-MeasReport-r16
	LTE CRS based measurement in NR IDLE/INACTIVE
	No

	NR
	idleInactiveNR-MeasReport-r16
	NR SSB based measurement in NR IDLE/INACTIVE
	Yes

	NR
	idleInactiveNR-MeasBeamReport-r16
	Beam level reporting for NR early measurement in NR IDLE/INACTIVE.
 
A UE supports this shall also supports idleInactiveNR-MeasReport-r16.
	Yes



We provide the TP for LTE and NR in the Annex based on above proposals. We believe that RAN2 could take the TP as baseline for further discussion. 

3 Conclusions	
Base on the discussion in section 2, we propose the following: 

Proposal 1: For NR early measurement, introduce per-UE beam level reporting capability with FRX differentiation in both LTE and NR. (This could be revised if RAN4 concluded in different way)

Proposal 2: RAN2 to clarify that the FRX separation for NR early measurement capability is based on the FR mode of target cell.
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Annex A: TP for 36.306

[bookmark: _Toc46493839]4.3.6	Measurement parameters
<Skip unrelated Part>
[bookmark: _Toc46493880]4.3.6.40	ca-IdleInactiveMeasurements-r16
This field defines whether the UE supports:
-	(if the UE also indicates support of inactiveState-r15), performing eNB-configured CRS-based RRM measurements for configured carrier(s) in RRC_INACTIVE, including reporting them when requested by the eNB while resuming from RRC_INACTIVE or in RRC_CONNECTED, as specified in TS 36.331 [5];
-	(if the UE also indicates support of RRC connection suspension), reporting eNB-configured CRS-based RRM measurements for configured carrier(s) in RRC_IDLE while resuming the RRC connection from RRC_IDLE, as specified in TS 36.331 [5];
A UE that indicates support of this feature shall also indicate support of ca-IdleModeMeasurements-r15.
[bookmark: _Toc46493881]4.3.6.41	endc-IdleInactiveMeasFR1-r16
This field defines whether the UE supports performing eNB-configured SSB-based RRM measurements for configured NR FR1 carrier(s) in RRC_IDLE and in RRC_INACTIVE (if the UE also indicates support of inactiveState-r15), including reporting them when requested by the eNB while resuming from RRC_IDLE/RRC_INACTIVE or in RRC_CONNECTED, as specified in TS 36.331 [5].
[bookmark: _Toc46493882]4.3.6.42	endc-IdleInactiveMeasFR2-r16
This field defines whether the UE supports performing eNB-configured SSB-based RRM measurements for configured NR FR2 carrier(s) in RRC_IDLE and in RRC_INACTIVE (if the UE also indicates support of inactiveState-r15), including reporting them when requested by the eNB while resuming from RRC_IDLE/RRC_INACTIVE or in RRC_CONNECTED, as specified in TS 36.331 [5].
[bookmark: _Toc46493883]4.3.6.43	idleInactiveValidityAreaList-r16
This field defines whether the UE supports configuration of validityAreaList-r16 for performing eNB-configured measurements for configured carrier(s) in RRC_IDLE and in RRC_INACTIVE (if the UE supports inactiveState-r15), as specified in TS 36.331 [5].
A UE that indicates support of this feature shall also indicate support of ca-IdleInactiveMeasurements-r16 or endc-IdleInactiveMeasFR1-r16 or endc-IdleInactiveMeasFR2-r16.
[bookmark: _Toc46493884]4.3.6.44	measGapPatterns-NRonly-r16
This field indicates whether the UE supports gap patterns 2, 3 and 11 in LTE standalone when the frequencies to be measured within this measurement gap are all NR frequencies.
[bookmark: _Toc46493885]4.3.6.45	measGapPatterns-NRonly-ENDC-r16
This field indicates whether the UE supports gap patterns 2, 3 and 11 in (NG)EN-DC when the frequencies to be measured within this measurement gap are all NR frequencies.
4.3.6.x	endc-IdleInactiveBeamMeasFR1-r16
This field defines whether the UE supports performing eNB-configured SSB-based RRM measurements for configured NR FR1 carrier(s) in RRC_IDLE and in RRC_INACTIVE (if the UE also indicates support of inactiveState-r15), including reporting the corresponding beam measurement results when requested by the eNB while resuming from RRC_IDLE/RRC_INACTIVE or in RRC_CONNECTED, as specified in TS 36.331 [5].
A UE that indicates support of this feature shall also indicate support of endc-IdleInactiveMeasFR1-r16.
4.3.6.y	endc-IdleInactiveBeamMeasFR2-r16
This field defines whether the UE supports performing eNB-configured SSB-based RRM measurements for configured NR FR2 carrier(s) in RRC_IDLE and in RRC_INACTIVE (if the UE also indicates support of inactiveState-r15), including reporting the corresponding beam measurement results when requested by the eNB while resuming from RRC_IDLE/RRC_INACTIVE or in RRC_CONNECTED, as specified in TS 36.331 [5].
A UE that indicates support of this feature shall also indicate support of endc-IdleInactiveMeasFR2-r16.
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[bookmark: _Toc20487460][bookmark: _Toc29342759][bookmark: _Toc29343898][bookmark: _Toc36567164][bookmark: _Toc36810610][bookmark: _Toc36846974][bookmark: _Toc36939627][bookmark: _Toc37082607][bookmark: _Toc46481248][bookmark: _Toc46482482][bookmark: _Toc46483716]6.3.6	Other information elements
<Skip unrelated part>
[bookmark: _Toc20487489][bookmark: _Toc29342789][bookmark: _Toc29343928][bookmark: _Toc36567194][bookmark: _Toc36810641][bookmark: _Toc36847005][bookmark: _Toc36939658][bookmark: _Toc37082638][bookmark: _Toc46481279][bookmark: _Toc46482513][bookmark: _Toc46483747]–	UE-EUTRA-Capability
<Skip unrelated part>


UE-EUTRA-Capability-v1610-IEs ::= SEQUENCE {
	highSpeedEnhParameters-v1610			HighSpeedEnhParameters-v1610				OPTIONAL,
	neighCellSI-AcquisitionParameters-v1610	NeighCellSI-AcquisitionParameters-v1610		OPTIONAL,
	mbms-Parameters-v1610					MBMS-Parameters-v1610						OPTIONAL,
	pdcp-Parameters-v1610					PDCP-Parameters-v1610						OPTIONAL,
	mac-Parameters-v1610					MAC-Parameters-v1610						OPTIONAL,
	phyLayerParameters-v1610				PhyLayerParameters-v1610					OPTIONAL,
	measParameters-v1610 					MeasParameters-v1610 						OPTIONAL,
	pur-Parameters-r16						PUR-Parameters-r16							OPTIONAL,
	eutra-5GC-Parameters-v1610				EUTRA-5GC-Parameters-v1610					OPTIONAL,
	otherParameters-v1610					Other-Parameters-v1610						OPTIONAL,
	dl-DedicatedMessageSegmentation-r16		ENUMERATED {supported}						OPTIONAL,
	mmtel-Parameters-v1610					MMTEL-Parameters-v1610,
	irat-ParametersNR-v1610					IRAT-ParametersNR-v1610						OPTIONAL,
	rf-Parameters-v1610						RF-Parameters-v1610							OPTIONAL,
	mobilityParameters-v1610				MobilityParameters-v1610					OPTIONAL,
	ue-BasedNetwPerfMeasParameters-v1610	UE-BasedNetwPerfMeasParameters-v1610,
	sl-ParametersNR-r16					SL-ParametersNR-r16						OPTIONAL,
	sl-ParametersEUTRA-NR-r16				SL-ParametersEUTRA-NR-r16					OPTIONAL,
	fdd-Add-UE-EUTRA-Capabilities-v1610		UE-EUTRA-CapabilityAddXDD-Mode-v1610		OPTIONAL,
	tdd-Add-UE-EUTRA-Capabilities-v1610		UE-EUTRA-CapabilityAddXDD-Mode-v1610		OPTIONAL,
	nonCriticalExtension					UE-EUTRA-Capability-v16xy-IEsSEQUENCE {}									OPTIONAL
}

UE-EUTRA-Capability-v16xy-IEs ::= SEQUENCE {
	measParameters-v16xy 					MeasParameters-v16xy 						OPTIONAL,
	nonCriticalExtension					SEQUENCE {}									OPTIONAL
}

<Skip unrelated part>


MeasParameters-v1610 ::=	SEQUENCE {
	bandInfoNR-v1610					SEQUENCE (SIZE (1..maxBands)) OF MeasGapInfoNR	OPTIONAL,
	altFreqPriority-r16					ENUMERATED {supported}							OPTIONAL,
	ce-DL-ChannelQualityReporting-r16	ENUMERATED {supported}							OPTIONAL,
	ce-MeasRSS-Dedicated-r16			ENUMERATED {supported}							OPTIONAL,
	ca-IdleInactiveMeasurements-r16			ENUMERATED {supported}		OPTIONAL,
	endc-IdleInactiveMeasFR1-r16			ENUMERATED {supported}		OPTIONAL,
	endc-IdleInactiveMeasFR2-r16			ENUMERATED {supported}		OPTIONAL,
	idleInactiveValidityAreaList-r16		ENUMERATED {supported}		OPTIONAL,
	measGapPatterns-NRonly-r16			ENUMERATED {supported}		OPTIONAL,
	measGapPatterns-NRonly-ENDC-r16		ENUMERATED {supported}		OPTIONAL
}

MeasParameters-v16xy ::=	SEQUENCE {
	endc-IdleInactiveBeamMeasFR1-r16		ENUMERATED {supported}		OPTIONAL,
	endc-IdleInactiveBeamMeasFR2-r16		ENUMERATED {supported}		OPTIONAL
}
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[bookmark: _Toc12750905][bookmark: _Toc29382270][bookmark: _Toc37093387][bookmark: _Toc37238663][bookmark: _Toc37238777][bookmark: _Toc46488674]4.2.9	MeasAndMobParameters
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	<skip unrelated parts>

	idleInactiveNR-MeasReport-r16
Indicates whether the UE supports configuration of NR SSB measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding results upon network request as specified in TS 38.331 [9]. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of measured target cell.
	UE
	No
	No
	Yes

	idleInactiveNR-MeasBeamReport-r16
Indicates whether the UE supports configuration of NR SSB measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding beam measurement results upon network request as specified in TS 38.331 [9]. A UE supports this feature shall also support idleInactiveNR-MeasReport-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of measured target cell.
	UE
	No
	No
	Yes

	idleInactiveEUTRA-MeasReport-r16
Indicates whether the UE supports configuration of E-UTRA measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding results upon network request as specified in TS 38.331 [9].
	UE
	No
	No
	No

	<skip unrelated parts>
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[bookmark: _Toc46439805][bookmark: _Toc46444642][bookmark: _Toc46487403]6.3.3	UE capability information elements
<Skip unrelated parts>
[bookmark: _Toc46439836][bookmark: _Toc46444673][bookmark: _Toc46487434]–	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 {
[bookmark: _Hlk37234802]       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,
    multipleNS-And-Pmax-IAB-r16             ENUMERATED {supported}                  OPTIONAL,
    nr-CGI-Reporting-NPN-r16                ENUMERATED {supported}                  OPTIONAL,
    idleInactiveEUTRA-MeasReport-r16        ENUMERATED {supported}                  OPTIONAL,
    idleInactive-ValidityArea-r16           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
    ]],
    [[
    condHandoverParametersXDD-Diff-r16  SEQUENCE {
        condHandover-r16                    ENUMERATED {supported}                  OPTIONAL,
        condHandoverFailure-r16             ENUMERATED {supported}                  OPTIONAL,
        condHandoverTwoTriggerEvents-r16    ENUMERATED {supported}                  OPTIONAL
    }                                                                               OPTIONAL,
    pcellT312-r16                       ENUMERATED {supported}                      OPTIONAL,
    handoverIntraF-IAB-r16              ENUMERATED {supported}                      OPTIONAL,
    eutra-AutonomousGaps-r16            ENUMERATED {supported}                      OPTIONAL,
    eutra-AutonomousGapsNEDC-r16        ENUMERATED {supported}                      OPTIONAL,
    eutra-AutonomousGapsNRDC-r16        ENUMERATED {supported}                      OPTIONAL,
    nr-AutonomousGaps-r16               ENUMERATED {supported}                      OPTIONAL,
    nr-AutonomousGaps-ENDC-r16          ENUMERATED {supported}                      OPTIONAL,
    nr-AutonomousGapsNEDC-r16           ENUMERATED {supported}                      OPTIONAL,
    nr-AutonomousGapsNRDC-r16           ENUMERATED {supported}                      OPTIONAL,
    handoverUTRA-FDD-r16                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,
    handoverUTRA-FDD-r16                            ENUMERATED {supported}              OPTIONAL,
    cli-RSSI-Meas-r16                               ENUMERATED {supported}              OPTIONAL,
    cli-SRS-RSRP-Meas-r16                           ENUMERATED {supported}              OPTIONAL,
    condHandoverParametersFRX-Diff-r16              SEQUENCE {
        condHandover-r16                                ENUMERATED {supported}          OPTIONAL,
        condHandoverFailure-r16                         ENUMERATED {supported}          OPTIONAL,
        condHandoverTwoTriggerEvents-r16                ENUMERATED {supported}          OPTIONAL
    }                                                                                   OPTIONAL,
    pcellT312-r16                                   ENUMERATED {supported}              OPTIONAL,
    interFrequencyMeas-Nogap-r16                    ENUMERATED {supported}              OPTIONAL,
    simultaneousRxDataSSB-DiffNumerology-Inter-r16  ENUMERATED {supported}              OPTIONAL,
    handoverIntraF-IAB-r16                          ENUMERATED {supported}              OPTIONAL,
    idleInactiveNR-MeasReport-r16                   ENUMERATED {supported}              OPTIONAL,
    idleInactiveNR-MeasBeamReport-r16               ENUMERATED {supported}              OPTIONAL
    ]]
}

-- TAG-MEASANDMOBPARAMETERS-STOP
-- ASN1STOP

