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1. Background
In current 38.331/38.306, there are many UE capabilities are defined with “TDD/FDD diff”, “FR1/FR2 diff” attribution, which means UE can indicate different capability values for TDD/FDD and FR1/FR2. However, considering UE can operate on CA with mixture of TDD/FDD, FR1/FR2 serving cells. From network perspective, it should be clarified how network should interpret and work on those capabilities. 
In this document, we mainly discussed the ambiguity issue of UE capabilities, and provided our views to physical capabilities, measurement/mobility capabilities, and L2 & other capabilities separately.
2. Physical capabilities
The physical capabilities which are defined with TDD/FDD, FR1/FR2 differentiation are listed in below table. For CA UEs, some physical functions may involve multiple serving cells, such as cross carrier scheduling, TPC command… etc. In case the TDD/FDD or FR1/FR2 cells are configured within one cell group, and UE indicates different capabilities for FDD/TDD or FR1/FR2. It should be clarified which cell’s duplex mode or FR mode should be a reference. 
In following table, we provided our analysis to each physical capability, and identified the capabilities with ambiguity issues.
Table 1 FDD/TDD, FR1/FR2 difference capabilities for physical layer
	UE Physical Capabilities
	Ambiguity?
	Comments

	· phy-ParametersXDD-Diff
	
	

	· dynamicSFI
	No
	dynamicSFI does not support Cross Carrier Scheduling, so NW can determine this feature based on the duplex mode of each serving cell. 

	· twoPUCCH-F0-2-ConsecSymbols
	No
	Corresponding to the duplex mode of each serving cell.

	· twoDifferentTPC-Loop-PUSCH
	Yes
	Need to clarify which cell’s duplex mode should be referred to? E.g., the cell which sends the DCI command or the cell which applies the TPC command, or both?
Note: see detail analysis below.

	· twoDifferentTPC-Loop-PUCCH
	Yes
	

	· dl-SchedulingOffset-PDSCH-TypeA
	Yes
	For cross carrier scheduling among TDD and FDD. It is unclear which cell should be referred to? E.g. Duplex mode of scheduling cell or scheduled cell?

	· dl-SchedulingOffset-PDSCH-TypeB
	Yes
	

	· ul-SchedulingOffset
	Yes
	

	· phy-ParametersFRX-Diff
	
	

	· dynamicSFI
	No
	dynamicSFI does not support Cross Carrier Scheduling, so NW can determine this feature based on the FR mode of each serving cell.

	· twoFL-DMRS
	No
	Corresponding to the FR mode of each serving cell. 

	· supportedDMRS-TypeDL
	No
	

	· supportedDMRS-TypeUL
	No
	

	· semiOpenLoopCSI
	No
	Corresponding to the FR mode of the cell which is configured to send csi-report. 

	· csi-ReportWithoutPMI
	No
	

	· csi-ReportWithoutCQI
	No
	

	· onePortsPTRS
	No
	Corresponding to the FR mode of each serving cell. 

	· twoPUCCH-F0-2-ConsecSymbols
	No
	Corresponding to the FR mode of each serving cell.

	· pucch-F2-WithFH
	No
	These capabilities are used to indicate the feature of “frequencyHopping” or “withoutFrequencyHopping” for PUCCH format-X. NW can determine the feature based on the FR mode of each serving cell.

	· pucch-F3-WithFH
	No
	

	· pucch-F4-WithFH
	No
	

	· freqHoppingPUCCH-F0-2
	No
	

	· freqHoppingPUCCH-F1-3-4
	No
	

	· mux-SR-HARQ-ACK-CSI-PUCCH-MultiPerSlot
	No
	Corresponding to the FR mode of each serving cell.

	· uci-CodeBlockSegmentation
	No
	Corresponding to the FR mode of each serving cell.

	· onePUCCH-LongAndShortFormat
	No
	Corresponding to the FR mode of each serving cell.

	· twoPUCCH-AnyOthersInSlot
	No
	Corresponding to the FR mode of each serving cell.

	· intraSlotFreqHopping-PUSCH
	No
	Corresponding to the FR mode of each serving cell.

	· pusch-LBRM
	No
	Corresponding to the FR mode of each serving cell.

	· pdcch-BlindDetectionCA
	No
	Corresponding to the FR mode of scheduling cell.

	· tpc-PUSCH-RNTI
	Yes
	Need to clarify which cell’s FR mode should be referred to? E.g., the cell which sends the DCI command or the cell which applies the TPC command, or both?
Note: see detail analysis below.

	· tpc-PUCCH-RNTI
	Yes
	

	· tpc-SRS-RNTI
	Yes
	

	· absoluteTPC-Command
	Yes
	Need to clarify which cell’s FR mode should be referred to? E.g., the cell which sends the DCI command or the cell which applies the TPC command, or both?
Note: see detail analysis below.

	· twoDifferentTPC-Loop-PUSCH
	Yes
	Need to clarify which cell’s FR mode should be referred to? E.g., the cell which sends the DCI command or the cell which applies the TPC command, or both?
Note: see detail analysis below.

	· twoDifferentTPC-Loop-PUCCH
	Yes
	

	· pusch-HalfPi-BPSK
	No
	Indicates whether the UE supports pi/2-BPSK modulation scheme for PUSCH. Mandatory with capability signalling for FR2 and optional for FR1. 
Corresponding to the FR mode of each serving cell.

	· pucch-F3-4-HalfPi-BPSK
	No
	Indicates whether the UE supports pi/2-BPSK for PUCCH format 3/4. Mandatory with capability signalling for FR2 and optional for FR1. 
Corresponding to the FR mode of each serving cell.  

	· almostContiguousCP-OFDM-UL
	No
	Indicates whether the UE supports almost contiguous UL CP-OFDM transmissions. Corresponding to the FR mode of each serving cell.

	· sp-CSI-RS
	No
	Corresponding to the FR mode of the cell which sends the semi-persistence CSI-RS resources.

	· sp-CSI-IM
	No
	

	· tdd-MultiDL-UL-SwitchPerSlot
	No
	Relates to the TDD-UL-DL configuration, corresponding to the FR mode of each serving cell.

	· multipleCORESET
	No
	Indicates whether UE supports multiple CORESETs other than CORESET#0, mandatory with capability signalling for FR2 and optional for FR1. 
NW can determine the feature based on the FR mode of each serving cell. 

	· csi-RS-IM-ReceptionForFeedback
	No
	For band combination between FR1 and FR2, it can be further limited by field “phy-ParametersFRX-Diff” in fr1-fr2-Add-UE-NR-Capabilities in UE-NR-Capability. (RP-182812)

	· csi-RS-ProcFrameworkForSRS
	No
	

	· csi-ReportFramework
	No
	

	· mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot
	No
	Corresponding to the FR mode of each serving cell.

	· mux-SR-HARQ-ACK-PUCCH
	No
	Corresponding to the FR mode of each serving cell.

	· mux-MultipleGroupCtrlCH-Overlap
	No
	Corresponding to the FR mode of each serving cell.

	· dl-SchedulingOffset-PDSCH-TypeA
	No
	In Rel-15, cross carrier scheduling among different numerology is not supported, so no ambiguity exists so far. 

	· dl-SchedulingOffset-PDSCH-TypeB
	No
	

	· ul-SchedulingOffset
	No
	

	· dl-64QAM-MSC-TableAlt
	No
	Corresponding to the FR mode of each serving cell.

	· ul-64QAM-MSC-TableAlt
	No
	Corresponding to the FR mode of each serving cell.

	· cqi-TableAlt
	No
	Corresponding to the FR mode of each serving cell.

	· oneFL-DMRS-TwoAdditionalDMRS-UL
	No
	Corresponding to the FR mode of each serving cell 

	· twoFL-DMRS-TwoAdditionalDMRS-UL
	No
	

	· oneFL-DMRS-ThreeAdditionalDMRS-UL
	No
	

	· Phy-ParametersFR1
	
	

	· pdcchMonitoringSingleOccasion
	No
	Corresponding to the FR mode of each serving cell

	· scs-60kHz
	No
	Corresponding to the FR mode of each serving cell

	· pdsch-256QAM-FR1
	No
	Corresponding to the FR mode of each serving cell

	· pdsch-RE-MappingFR1-PerSymbol
	No
	Corresponding to the FR mode of each serving cell 

	· pdsch-RE-MappingFR1-PerSlot
	No
	Corresponding to the FR mode of each serving cell 

	· Phy-ParametersFR2
	
	

	· pdsch-RE-MappingFR2-PerSymbol
	No
	Corresponding to the FR mode of each serving cell

	· pCell-FR2
	No
	Corresponding to the FR mode of each serving cell

	· pdsch-RE-MappingFR2-PerSlot
	No
	Corresponding to the FR mode of each serving cell



· tpc-PUCCH-RNTI, tpc-PUSCH-RNTI, tpc-SRS-RNTI
The definition of these capability bits are copied as below.
	tpc-PUCCH-RNTI
Indicates whether the UE supports group DCI message based on TPC-PUCCH-RNTI for TPC commands for PUCCH.
	UE
	No
	No
	Yes

	tpc-PUSCH-RNTI
Indicates whether the UE supports group DCI message based on TPC-PUSCH-RNTI for TPC commands for PUSCH.
	UE
	No
	No
	Yes

	tpc-SRS-RNTI
Indicates whether the UE supports group DCI message based on TPC-SRS-RNTI for TPC commands for SRS.
	UE
	No
	No
	Yes


These 3 capabilities need FR1 and FR2 differentiation. For group DCI message for TPC commnd, network can configure UE to monitor one cell’s PDCCH to receive the TPC command for another SCell, illustrated in figure below:


So these capability bits are used to indicate whether UE supports monitor the specific RNTI. However, if the PCell and SCell have different FR mode, and UE reports different capability for FR1 and FR2, from network perspective, it is unclear which cell’s FR mode should be referred to? E.g. the cell sends DCI? Or the cell which applies TPC command, or both?  
For example, for TPC-PUCCH-RNTI capability, UE indicates it supports the feature for FR1 and does not support the feature for FR2. When UE is configured with PCell(FR1) + PUCCH SCell (FR2), and the SCell does not have downlink configuration, whether NW can configure UE to monitor the TPC command of PUCCH-SCell through the DCI format 2-2 of PCell?
There are three alternative options:
· Option 1: based on the FR mode of the cell who sends the DCI format2-2/2-3; (It means the configuration in above example is allowed);
· Option 2: based on the FR mode of the cell who applies the TPC command. (It means the configuration in above example is not allowed);
· Option 3: based on the FR mode of both cells (i.e. the one sends DCI format, and the one applies TPC command). (It means the configuration in above example is not allowed);
In our opinion, Option1 is more reasonable because these capabilities only relate to PDCCH monitoring, so we propose.   
Proposal 1: Network determines the capable of feature “TPC-PUCCH-RNTI”, “TPC-PUSCH-RNTI” and “TPC-SRS-RNTI” based on the FR1/FR2 mode of the cell which is configured to send DCI command. 
· absoluteTPC-Command
The definition of this capability is provided below.
	absoluteTPC-Command
Indicates whether the UE supports absolute TPC command mode.
	UE
	No
	No
	Yes


This capability indicates whether UE supports absolute TPC command, so network can decide whether to use “accumulate” or “absolute” way to map TPC command field by setting “tpc-Accumulation” field in PUSCH-PowerControl.
[image: ]
The mapping table defined in 38.213 is given as below:


Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated [image: ] or [image: ] [dB]
	Absolute [image: ] or [image: ] [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


In our understanding, UE executes TPC command mapping when receives the TPC command, and it always occupies 2bits in DCI. When UE indicates it has different capabilities for FR1 and FR2, it makes sense to rely on the FR mode of target cell which applies the TPC command, to decide whether to enable absolute TPC command. 
For example, UE indicates it supports “absoluteTPC-Command” for FR1 and does not support it for FR2. When UE is configured with PCell(FR1) + SCell (FR2), and network wants to transmit group TPC command for PUSCH-SCell over PCell PDCCH, then NW can only use accumulate way (i.e. does not include “tpc-Accumulation” field.). 
Proposal 2: RAN2 confirms that network determines the capable of feature “absoluteTPC-Command” based on the FR1/FR2 mode of the cell which applies TPC command. 
· twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH
The definition of these capability bits are provided below.
	twoDifferentTPC-Loop-PUCCH
Indicates whether the UE supports two different TPC loops for PUCCH closed loop power control.
	UE
	Yes
	Yes
	Yes

	twoDifferentTPC-Loop-PUSCH
Indicates whether the UE supports two different TPC loops for PUSCH closed loop power control.
	UE
	Yes
	Yes
	Yes


These 2 capabilities need FDD/TDD and FR1/FR2 differentiation. Network can enable “two different TPC loop” for PUCCH/PUSCH by setting fields “twoPUCCH-PC-AdjustmentStates” in PUCCH-PowerControl, and “twoPUSCH-PC-AdjustmentStates” in PUSCH-PowerControl. 
According to 38.212 section 7.3.1.3.3, the enable/disable of this feature impacts “Closed loop indicator” field length in DCI format2-2. 
	-	Closed loop indicator   – 0 or 1 bit. 
-	For DCI format 2_2 with TPC-PUSCH-RNTI, 0 bit if the UE is not configured with high layer parameter twoPUSCH-PC-AdjustmentStates, in which case UE assumes each block in the DCI format 2_2 is of 2 bits; 1 bit otherwise, in which case UE assumes each block in the DCI format 2_2 is of 3 bits;
-	For DCI format 2_2 with TPC-PUCCH-RNTI, 0 bit if the UE is not configured with high layer parameter twoPUCCH-PC-AdjustmentStates, in which case UE assumes each block in the DCI format 2_2 is of 2 bits; 1 bit otherwise, in which case UE assumes each block in the DCI format 2_2 is of 3 bits;


In our understanding, whether UE supports two different TPC loop should based on the capability of target cell (which applies TPC command). However, considering it impacts the field length of DCI, it would be good to further clarify how to interpretate these capabilities when UE has different values to FR1 and FR2. 
For example, for twoDifferentTPC-Loop-PUCCH capability, UE indicates it supports the feature for FR2 and does not support the feature for FR1. When UE is configured with PCell(FR1) + PUCCH SCell (FR2), and the SCell does not have downlink configuration, whether NW can enable two different TPC loop for PUCCH power control in SCell, when TPC command of SCell is transmitted via the PDCCH of PCell?
There are three alternative options:
· Option 1: based on the duplex and FR mode of the cell who sends the DCI format; (It means the configuration in above example is not allowed);
· Option 2: based on the duplex and FR mode of the cell who applies the TPC command. (It means the configuration in above example is allowed);
· Option 3: based on the duplex and FR mode of both cells (i.e. the one sends DCI format, and the one applies TPC command). (It means the configuration in above example is not allowed);
In my understanding, Option3 makes more sense because these capabilities both PDCCH monitoring (i.e. DCI decoding) and TPC command execution, so we propose.   
Proposal 3: Network determines the capable of feature “twoDifferentTPC-Loop-PUCCH”, “twoDifferentTPC-Loop-PUCCH” based on the FDD/TDD, FR1/FR2 mode of the cell which is configured to send DCI command and the cell which applies the TPC command. (If any one of them does not support the feature, then the feature cannot be enabled) 
· dl-SchedulingOffset-PDSCH-TypeA, dl-SchedulingOffset-PDSCH-TypeB, ul-SchedulingOffset
The definition of these capability bits are provided as below.
	dl-SchedulingOffset-PDSCH-TypeA
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A.
	UE
	Yes
	Yes
	Yes

	dl-SchedulingOffset-PDSCH-TypeB
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B.
	UE
	Yes
	Yes
	Yes

	ul-SchedulingOffset
Indicates whether the UE supports UL scheduling slot offset (K2) greater than 12.
	UE
	Yes
	Yes
	Yes


These capabilities need FDD/TDD and FR1/FR2 differentiation. For FR1/FR2 differentiation, there is no ambiguity, because cross carrier scheduling among different numerology is not supported in Rel-15. But for FDD/TDD differentiation, in case of cross carrier scheduling between TDD and FDD serving cells, it is unclear which cell’s duplex mode should be referred to when network enable these features.
There are three alternative options:
· Option 1: based on the duplex and FR mode of the scheduled cell; (It means the configuration in above example is not allowed);
· Option 2: based on the duplex and FR mode of the scheduling cell. (It means the configuration in above example is allowed);
· Option 3: based on the duplex and FR mode of both scheduling cell and scheduled cell. (It means the configuration in above example is not allowed);
In my understanding, Option3 makes more sense because the feature relates to both scheduling cell and scheduled cell, so we propose.   
Proposal 4: For cross carrier scheduling among TDD and FDD serving cells, network determines the capable of feature “dl-SchedulingOffset-PDSCH-TypeA“, ”dl-SchedulingOffset-PDSCH-TypeB“ and  “ul-SchedulingOffset” based on the duplex mode of both scheduled cell and scheduling cell.
For proposal 1~3, we suggest to send LS to RAN1 to make confirmation before updating RAN2’s specification TS38.306.   
Proposal 5: For Proposal1/2/3/4, send LS to RAN1 to make confirmation.
3. Measurement and mobility capabilities
Similar to physical capability, we listed measurement and mobility capabilities which are defined with TDD/FDD, FR1/FR2 differentiation in below table. And we provided our analysis to each capability.
Table 2 FDD/TDD, FR1/FR2 difference capabilities for measurement and mobility
	UE Capabilities
	Ambiguity?
	Comments

	Measurement and mobility related capabilities

	· measAndMobParametersXDD-Diff
	
	

	· intraAndInterF-MeasAndReport
	No
	Corresponding to the duplex mode of PSCell. 
It is mandatory supported for MN configured measurements in NR SA.

	· eventA-MeasAndReport
	No
	Corresponding to the duplex mode of PSCell. 
It is mandatory supported for MN configured measurements in NR SA.

	· handoverInterF
	No
	Corresponding to the duplex mode of PCell. 
It is mandatory supported for PCell change in EN-DC.

	· handoverLTE
	No
	Although it corresponds to the duplex mode of PCell, this feature is mandated if UE supports E-UTRAN connected to EPC. So UE will set this field in spite of source NR mode.  

	· handover-eLTE
	No
	Similar to above, although it corresponds to the duplex mode of PCell, this feature is mandated if UE supports E-UTRAN connected to 5GC. So UE will set this field in spite of source NR mode.  

	· measAndMobParametersFRX-Diff
	
	

	· ss-SINR-Meas
	Yes
	Needs to clarify which cell’s FR mode is referring to.
e.g. The spCell which configures the measurement, or the target measured frequency.
Note: see detail analysis below.

	· csi-RSRP-AndRSRQ-MeasWithSSB
	Yes
	

	· csi-RSRP-AndRSRQ-MeasWithoutSSB
	Yes
	

	· csi-SINR-Meas
	Yes
	

	· csi-RS-RLM
	No
	Corresponding to the FR mode of spCell.

	· handoverInterF
	No
	Corresponding to the FR mode of PCell.

	· handoverLTE
	No
	Although it corresponding to the FR mode of PCell, this feature is mandated if UE supports E-UTRAN connected to EPC. So UE will set this field in spite of source NR mode.  

	· handover-eLTE
	No
	Similar to above, although it corresponding to the FR mode of PCell, this feature is mandated if UE supports E-UTRAN connected to 5GC. So UE will set this field in spite of source NR mode.  

	· maxNumberResource-CSI-RS-RLM
	No
	Applies to spCell itself. E.g. for PCell(FR1) , it should refer to FR1 capability.

	· simultaneousRxDataSSB-DiffNumerology
	No
	According to 38.133, this applies to each serving cell. E.g. scheduling on PCell(FR1) should refer to FR1 capability.

	Measurement and mobility related capabilities (MR-DC)

	· measAndMobParametersMRDC-XDD-Diff
	
	

	· sftd-MeasPSCell
	No
	Corresponding to the duplex mode of PCell.

	· sftd-MeasNR-Cell
	No
	Corresponding to the duplex mode of PCell.

	· measAndMobParametersMRDC-FRX-Diff
	
	

	· simultaneousRxDataSSB-DiffNumerology
	No
	According to 38.133, this applies to a given CC. e.g. scheduling on PCell(FR1) should refer to FR1 capability.



· ss-SINR-Meas, csi-SINR-Meas, csi-RSRP-AndRSRQ-MeasWithSSB, csi-RSRP-AndRSRQ-MeasWithoutSSB
The definition of these capability bits are copied as below.
	ss-SINR-Meas
Indicates whether the UE can perform SS-SINR measurement as specified in TS 38.215 [13]. This parameter needs FR1 and FR2 differentiation.
	UE
	No
	No
	Yes



	csi-SINR-Meas
Indicates whether the UE can perform CSI-SINR measurements based on configured CSI-RS resources as specified in TS 38.215 [13]. This parameter needs FR1 and FR2 differentiation. If the UE supports this feature, the UE needs to report maxNumberCSI-RS-RRM-RS-SINR.
	UE
	No
	No
	Yes



	csi-RSRP-AndRSRQ-MeasWithSSB
Indicates whether the UE can perform CSI-RSRP and CSI-RSRQ measurement as specified in TS 38.215 [13], where CSI-RS resource is configured with an associated SS/PBCH. This parameter needs FR1 and FR2 differentiation. If the UE supports this feature, the UE needs to report maxNumberCSI-RS-RRM-RS-SINR.
	UE
	No
	No
	Yes

	csi-RSRP-AndRSRQ-MeasWithoutSSB
Indicates whether the UE can perform CSI-RSRP and CSI-RSRQ measurement as specified in TS 38.215 [13], where CSI-RS resource is configured for a cell that transmits SS/PBCH block and without an associated SS/PBCH block. This parameter needs FR1 and FR2 differentiation. If the UE supports this feature, the UE needs to report maxNumberCSI-RS-RRM-RS-SINR.
	UE
	No
	No
	Yes



These capabilities need FR1 and FR2 differentiation. However, it is unclear which cell’s FR mode is referred to during NW implementation. For example, a UE declares that it supports “ss-SINR-Meas“ for FR1, and does not support “ss-SINR-Meas” for FR2. When PCell is FR1, and NW wants to configure SS-SINR measurements on a NR FR2 frequency, which capability bit should be referred to? In other example, a UE declares that it supports “csi-RSRP-AndRSRQ-MeasWithSSB“ for FR1, and does not support “csi-RSRP-AndRSRQ-MeasWithSSB” for FR2. When PCell is FR1, and NW wants to configure CSI-RS measurements on a NR FR2 frequency, and set CSI-RS resources associated with SSB, then which capability bit should be referred to?
There are two alternative options:
· Option 1: based on the FR mode of spCell which configures the measurements; (It means NW can configure the measurement in above example.)
· Option 2: based on the FR mode of target measured frequency. (It means NW cannot configure the measurement in above example) 
In our view, Option1 is the traditional interpretation of UE measurement capability. However, for SINR measurement and CSI-RS measurement, UE has to retune its RF chain to target frequency, and measure the OFDM symbols. Considering FR1 and FR2 has different SCS, it seems more natural to differentiate capability based on FR1/FR2 mode of target measured frequencies. So we propose.  
Proposal 6: RAN2 confirms that network determines the capable of feature “ss-SINR-Meas”, “csi-SINR-Meas”, “csi-RSRP-AndRSRQ-MeasWithSSB” and “csi-RSRP-AndRSRQ-MeasWithoutSSB” based on the FR1/FR2 mode of target measured frequency. 
4. L2 capabilities
For the L2 capability, some MAC parameters are marked as “yes” for FDD-TDD DIFF. According to current specs, the MAC entity is configured per cell group. For each cell group, taken the TDD-FDD CA into account, there can be three cases:
· Case 1: Cell group with TDD cells only
· Case 2: Cell group with FDD cells only
· Case 3: Cell group with both TDD and FDD cells 
For both case 1 and case 2, since there is only one mode (i.e. either TDD or FDD) in the cell group, there is no ambiguity. However, for the case 3, since both TDD cells and FDD cells exist in the cell group, it is not clear how to understand the capability reported from UE. 
To understand the potential ambiguity issue, the following FDD-TDD DIFF capable capabilities will be analyzed in a case by case way.
[bookmark: _Toc12750891]FDD-TDD DIFF capable MAC capabilities
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	logicalChannelSR-DelayTimer
Indicates whether the UE supports the logicalChannelSR-DelayTimer as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	longDRX-Cycle
Indicates whether UE supports long DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No

	multipleConfiguredGrants
Indicates whether UE supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. If absent, for each configured cell group, the UE only supports one configured grant configuration on one serving cell.
	UE
	No
	Yes
	No

	multipleSR-Configurations
Indicates whether the UE supports 8 SR configurations per PUCCH cell group as specified in TS 38.321 [8].
	UE
	No
	Yes
	No

	shortDRX-Cycle
Indicates whether UE supports short DRX cycle as specified in TS 38.321 [8].
	UE
	Yes
	Yes
	No

	skipUplinkTxDynamic
Indicates whether the UE supports skipping of UL transmission for an uplink grant indicated on PDCCH if no data is available for transmission as specified in TS 38.321 [8].
	UE
	No
	Yes
	No



· DRX capabilities (i.e. longDRX-Cycle, shortDRX-Cycle)
For the DRX related capability (i.e. longDRX-Cycle, shortDRX-Cycle), for the case 3, since the DRX parameters are configured per MAC instead of per cell, the DRX capabilities shall be considered as supported only in case the corresponding capabilities are reported as supported for both TDD and FDD.
· skipUplinkTxDynamic, logicalChannelSR-DelayTimer
Although the skipUplinkTxDynamic and logicalChannelSR-DelayTimer is configured per cell group, it only impact the cells with uplink. Therefore, in case one cell group include the both the TDD cells with uplink and FDD cells with uplink, the function skipUplinkTxDynamic and logicalChannelSR-DelayTimer can only be configured in case the corresponding capability is reported as supported for both TDD and FDD.
· multipleSR-Configurations, multipleConfiguredGrants
For the multipleSR-Configurations and multipleConfiguredGrants, since the SR and configured grant are configured per cell, even for case 3, NW can still configure multiple SR/ConfiguredGrant only in TDD cells or only in FDD cells. Therefore, the following two alternatives can be considered:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the multipleSR-Configurations/multipleConfiguredGrants can only be considered as supported in case the capability is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group and the capability fields have different values for TDD and FDD, the capability indicate whether UE supports multipleConfiguredGrants/multipleSR-Configurations in TDD cell(s) or FDD cell(s) accordingly
For the alternatives given above, we think the alternative 2 can provide more flexibility. However, we also understand the alternative 2 may lead to extra requirement on the implementation on UE side. Therefore, we propose to discuss the issue and do down selection in the online discussion.
Based on above analysis, we propose:
Proposal 7:	For logicalChannelSR-DelayTimer, longDRX-Cycle and shortDRX-Cycle, If both TDD cell(s) and FDD cell(s) are configured in one cell group, the capability can only be considered as supported in case the capability are reported as supported for both TDD and FDD.
Proposal 8:	For skipUplinkTxDynamic, If both TDD cell(s) with uplink and FDD cell(s) with uplink are configured in one cell group, the capability can only be considered as supported in case the capability are reported as supported for both TDD and FDD.
Proposal 9:	For multipleConfiguredGrants and multipleSR-Configurations, RAN2 is kindly asked to discuss the following two alternatives:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the multipleSR-Configurations/multipleConfiguredGrants can only be considered as supported in case the capability is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group and the capability fields have different values for TDD and FDD, the capability indicate whether UE supports multipleConfiguredGrants/multipleSR-Configurations in TDD cell(s) or FDD cell(s) accordingly

5. Other capabilities
Besides the capabilities mentioned above, the IMS parameters voiceOverNR is marked as FR1-FR2 DIFF capable as well. 
[bookmark: _Toc12750911]IMS Parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	voiceOverNR
Indicates whether the UE supports IMS voice over NR. It is mandated to the IMS voice capable UE in NR otherwise optional.
	UE
	No
	No
	Yes

	voiceOverSCG-BearerEUTRA-5GC
Indicates whether the UE supports IMS voice over SCG bearer of NE-DC.
	UE
	Tbd
	Tbd
	Tbd


For the voiceOverNR, the potential ambiguity issue is that, if the UE only support the voiceOverNR in FR1 but not in FR2, whether the voiceOverNR can be considered as capable in CA involving both FR1 cells and FR2 cells, especially in case the voiceOverNR is limited to the FR1 cells with allowedServingCells. To clarify this issue, the following alternatives can be considered:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the voiceOverNR can only be considered as supported in case the voiceOverNR is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group, if the voiceOverNR capability fields have different values for TDD and FDD, the capability indicate whether UE supports voiceOverNR in TDD cell(s) or FDD cell(s) accordingly, with which the voiceOverNR can still be supported with the configuration of allowedServingCells for the concerned LCH.
For the alternatives given above, we think the alternative 2 can provide more flexibility. However, we also understand the alternative 2 may lead to extra requirement on the implementation on UE side. Therefore, we propose to discuss the issue and do down selection in the online discussion.
Based on above analysis, we propose:
Proposal 10:	For the capability voiceOverNR , RAN2 is kindly asked to discuss the following two alternatives:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the voiceOverNR can only be considered as supported in case the voiceOverNR is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group, if the voiceOverNR capability fields have different values for TDD and FDD, the capability indicate whether UE supports voiceOverNR in TDD cell(s) or FDD cell(s) accordingly, with which the voiceOverNR can still be supported with the configuration of allowedServingCells for the concerned LCH.

6. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Proposal 1: Network determines the capable of feature “TPC-PUCCH-RNTI”, “TPC-PUSCH-RNTI” and “TPC-SRS-RNTI” based on the FR1/FR2 mode of the cell which is configured to send DCI command. 
Proposal 2: RAN2 confirms that network determines the capable of feature “absoluteTPC-Command” based on the FR1/FR2 mode of the cell which applies TPC command. 
Proposal 3: Network determines the capable of feature “twoDifferentTPC-Loop-PUCCH”, “twoDifferentTPC-Loop-PUCCH” based on the FDD/TDD, FR1/FR2 mode of the cell which is configured to send DCI command and the cell which applies the TPC command. (If any one of them does not support the feature, then the feature cannot be enabled) 
Proposal 4: For cross carrier scheduling among TDD and FDD serving cells, network determines the capable of feature “dl-SchedulingOffset-PDSCH-TypeA“, ”dl-SchedulingOffset-PDSCH-TypeB“ and  “ul-SchedulingOffset” based on the duplex mode of both scheduled cell and scheduling cell.
Proposal 5: For Proposal1/2/3/4, send LS to RAN1 to make confirmation.
Proposal 6: RAN2 confirms that network determines the capable of feature “ss-SINR-Meas”, “csi-SINR-Meas”, “csi-RSRP-AndRSRQ-MeasWithSSB” and “csi-RSRP-AndRSRQ-MeasWithoutSSB” based on the FR1/FR2 mode of target measured frequency. 
Proposal 7:	For logicalChannelSR-DelayTimer, longDRX-Cycle and shortDRX-Cycle, If both TDD cell(s) and FDD cell(s) are configured in one cell group, the capability can only be considered as supported in case the capability are reported as supported for both TDD and FDD.
Proposal 8:	For skipUplinkTxDynamic, If both TDD cell(s) with uplink and FDD cell(s) with uplink are configured in one cell group, the capability can only be considered as supported in case the capability are reported as supported for both TDD and FDD.
Proposal 9:	For multipleConfiguredGrants and multipleSR-Configurations, RAN2 is kindly asked to discuss the following two alternatives:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the multipleSR-Configurations/multipleConfiguredGrants can only be considered as supported in case the capability is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group and the capability fields have different values for TDD and FDD, the capability indicate whether UE supports multipleConfiguredGrants/multipleSR-Configurations in TDD cell(s) or FDD cell(s) accordingly
Proposal 10:	For the capability voiceOverNR, RAN2 is kindly asked to discuss the following two alternatives:
· Alt1: If both TDD cell(s) and FDD cell(s) are configured in one cell group, the voiceOverNR can only be considered as supported in case the voiceOverNR is supported for both FDD and TDD.
· Alt2: If both TDD cell(s) and FDD cell(s) are configured in one cell group, if the voiceOverNR capability fields have different values for TDD and FDD, the capability indicate whether UE supports voiceOverNR in TDD cell(s) or FDD cell(s) accordingly, with which the voiceOverNR can still be supported with the configuration of allowedServingCells for the concerned LCH.
The corresponding CR for Proposal 6 -8 is provided in [1].
7.  Reference
[1] R2-1909795  CR to clarify UE FDD/TDD FR1/FR2 capabilities    ZTE Corporation, Sanechips, China Southern Power Grid Co., Ltd
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