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1. Introduction
In last RAN4 meeting, the draft CR of R4-2006183 has been technically endorsed, but there are still some remaining issues in the UE measurement capability requirement, as duplicated below,
	9.1A.3.2	EN-DC: Maximum allowed layers for multiple monitoring with CCA
If a UE is configured with EN-DC operation when CCA is used on PSCell, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PScell, and
-	Depending on UE capability, 7 NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA PCell [15], and
-	Depending on UE capability, 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and
-	Depending on UE capability, 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15], and
-	Depending on UE capability, 3 FDD UTRA carriers, and
-	Depending on UE capability, 3 TDD UTRA carriers, and
-	Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD and GSM (one GSM layer corresponds to 32 carriers) layers. The UE shall be capable of monitoring a total of at least 7 effective NR carrier frequency layers excluding NR serving carrier(s), comprising of any above defined combination of NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA PCell and NR inter-frequency carriers configured by PSCell.
Editor note: the MO merging requirement is FFS


 
Besides this scenario B, we also need to revisit the MO merging requirement for other licensed DC scenarios since the NR-U measurement could be also configured to the UE who only has the licensed serving cell(s), like licensed EN-DC and licensed NR-DC. In this contribution we discuss the MO merging requirement for licensed EN-DC, licensed NR-DC and NR-U scenario B.
2. MO merging for NR-U
In the current TS38.133, the UE behaviour for MO merging is defined as,
	[bookmark: _Toc535476004]9.1.3.2	EN-DC: Maximum allowed layers for multiple monitoring
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
When the E-UTRA PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in synchronous intra-band EN-DC, this layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations.
Note 1:	The E-UTRA-NR dual connectivity capable UE configured with PSCell shall fulfil the requirements defined in only one of clause 9.1.3.2 and clause 8.1.2.1.1b.1 of TS 36.133 [15].
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
9.1.3.2c	NR-DC: Maximum allowed layers for multiple monitoring
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD and UTRA FDD layers. The UE shall be capable of monitoring a total of at least 7 effective NR carrier frequency layers excluding NR serving carrier(s), which are configured by PCell and PSCell.
When PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in NR-DC, this layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations.



From the previous discussion/agreement on the MO merging criteria, the principle to decide if the MOs could be merged or not depends on whether those MOs would need different measurement efforts at UE, e.g. maintaining different timeline, or perform measurement on different measurement occasion. Here, we also believe the same principle shall be used for NR-U MO merging requirement.
Proposal 1: Same as licensed MO merging requirement on same NR carrier frequency layer, the principle to merge MOs on same NR-U carrier frequency layer is that those MOs would not need different measurement efforts from UE.
However, compared with licensed MO configuration, there are some new parameters in the NR-U MO configuration and therefore it’s necessary to consider those new parameters in the MO merging requirement.
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...,
    [[
    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
    ]]
}

ReferenceSignalConfig::=            SEQUENCE {
    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M
    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M
}
 
SSB-ConfigMobility::=               SEQUENCE {
 
    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M
    ...,
    [[
    ssb-PositionQCL-Common-r16              SSB-PositionQCL-Relation-r16                                OPTIONAL,   -- Cond SharedSpectrum
    ssb-PositionQCL-CellsToAddModList-r16   SSB-PositionQCL-CellsToAddModList-r16                       OPTIONAL,   -- Need N
    ssb-PositionQCL-CellsToRemoveList-r16   PCI-List                                                    OPTIONAL    -- Need N
    ]]
 
}



From the above MO configuration IE in TS38.331, there are two main parts for NR-U MO configuration: (1) RMTC configuration, (2) SSB-PositionQCL-Relation (the Q value in RAN1 design).
RMTC configuration contains all the timing and SCS/CP information for RSSI measurement of NR-U carrier. Thus, as long as rmtc-Config-r16 is differently configured from PCell and PSCell, the UE cannot merge those MOs.
SSB-PositionQCL-Relation determines the SSB floating relation within all candidate SSBs, and all the cell detection and measurement functions in NR-U would reply on this float information (Q value). Moreover, this Q value could also be indicated for specific cells as defined in the SSB-PositionQCL-CellsToAddModList-r16, and therefore UE needs to perform the measurement individually if this list in MOs is configured differently from PCell and PSCell. Thus, as long as ssb-PositionQCL-Common-r16 or cell list of ssb-PositionQCL is differently configured from PCell and PSCell, UE cannot merge those MOs.
Since in LTE spec TS36.331 we also have similar configuration IEs for RMTC and ssb-PositionQCL, the above two additional rules shall apply to licensed EN-DC, licensed NR-DC and NR-U scenario B. 
Proposal 2: UE won’t merge NR-U MOs on the same frequency layer from PCell and PSCell if any of the following conditions is met,
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations or,
- 	different ssb-PositionQCL-Common-r16 indications or cell list of ssb-PositionQCL or,
-	different rmtc-Config-r16 indication.                 
3. Proposed revision to the R16 TS38.133
Based on the analysis in section 2, we propose the following revision to the current R16 TS38.133 spec.
	9.1.3.2	EN-DC: Maximum allowed layers for multiple monitoring
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
When the E-UTRA PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in synchronous intra-band EN-DC, this layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations. or
- 	different ssb-PositionQCL-Common-r16 indications or cell list of ssb-PositionQCL on NR carrier frequency layer with CCA or
-	different rmtc-Config-r16 indication on NR carrier frequency layer with CCA.                 

Note 1:	The E-UTRA-NR dual connectivity capable UE configured with PSCell shall fulfil the requirements defined in only one of clause 9.1.3.2 and clause 8.1.2.1.1b.1 of TS 36.133 [15].
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
9.1.3.2c	NR-DC: Maximum allowed layers for multiple monitoring
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
When PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in NR-DC, this layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
	-	different SMTC configurations or.
- 	different ssb-PositionQCL-Common-r16 indications or cell list of ssb-PositionQCL on NR carrier frequency layer with CCA or
-	different rmtc-Config-r16 indication on NR carrier frequency layer with CCA.                 
<<<<<<<<<<<<<<<<<<<<<<<<<<Unrelated part omitted>>>>>>>>>>>>>>>>>>>>
9.1A.3.2	EN-DC: Maximum allowed layers for multiple monitoring with CCA
If a UE is configured with EN-DC operation when CCA is used on PSCell, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers configured by PScell, and
-	Depending on UE capability, 7 NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA PCell [15], and
-	Depending on UE capability, 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and
-	Depending on UE capability, 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15], and
-	Depending on UE capability, 3 FDD UTRA carriers, and
-	Depending on UE capability, 3 TDD UTRA carriers, and
-	Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD and GSM (one GSM layer corresponds to 32 carriers) layers. The UE shall be capable of monitoring a total of at least 7 effective NR carrier frequency layers excluding NR serving carrier(s), comprising of any above defined combination of NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA PCell and NR inter-frequency carriers configured by PSCell.
When the E-UTRA PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in synchronous intra-band EN-DC, this layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations or
- 	different ssb-PositionQCL-Common-r16 indications or cell list of ssb-PositionQCL on NR carrier frequency layer with CCA or
-	different rmtc-Config-r16 indication on NR carrier frequency layer with CCA.                 Editor note: the MO merging requirement is FFS



4. Conclusion
In this contribution we discuss the MO merging requirement for licensed EN-DC, licensed NR-DC and NR-U scenario B.
Proposal 1: Same as licensed MO merging requirement on same NR carrier frequency layer, the principle to merge MOs on same NR-U carrier frequency layer is that those MOs would not need different measurement efforts from UE.
Proposal 2: UE won’t merge NR-U MOs on the same frequency layer from PCell and PSCell if any of the following conditions is met,
-	different RSSI measurement resources or
-	different deriveSSB-IndexFromCell indications or
-	different SMTC configurations or,
- 	different ssb-PositionQCL-Common-r16 indications or cell list of ssb-PositionQCL or,
-	different rmtc-Config-r16 indication.                 
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