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1	Introduction
The UL Tx switching was introduced in Rel-16 for 1Tx-2Tx switching, followed by 2Tx-2Tx switching in Rel-17 and now extended to 3 and 4-band switching in Rel-18. However, we spotted that the Rel-16 capabilities are somewhat restricting for IODT purposes and would like to discuss additional clarifications to those. 
2	PCell support for UL TX switching
The UL Tx switching was defined to switch UL from one carrier to enable UL MIMO on another carrier, and comes in three different flavours:
1)	SUL to UL Tx switching: SUL carrier is switched to the normal UL carrier
2)	EN-DC UL Tx switching: The UL from LTE is switched to the NR UL carrier
3)	Inter-band UL Tx switching: The UL from one band is switched to the UL of another band
Out of these, the first two cases are more precisely defined since the switching “direction” is only possible in one way (i.e. SUL to UL or LTE to NR), but for the third case the role of the carriers is somewhat interchangeable (especially in Rel-17 where the 2Tx-2Tx switching allowed bi-directional switching).
Additionally, there are two different switching options (with different UE capabilities): Switched UL (where UE can only transmit on the switched carrier) or dual UL (where the “switching” can also mean 1-port transmission on both of the UL carriers). The basic UE capability for this is as described below:
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
    bandCombination-r16                 BandCombination,
    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,
    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,
    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,
    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,
    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,
    bandCombination-v1610               BandCombination-v1610                      OPTIONAL,
    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,
    ...,
    [[
    -- R4 16-5 UL-MIMO coherence capability for dynamic Tx switching between 3CC 1Tx-2Tx switching
    uplinkTxSwitching-PUSCH-TransCoherence-r16     ENUMERATED {nonCoherent, fullCoherent}   OPTIONAL
    ]]
}


	uplinkTxSwitching-OptionSupport-r16
Indicates which option is supported for dynamic UL 1Tx-2Tx switching for inter-band UL CA and (NG)EN-DC. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. UE shall not report the value both for (NG)EN-DC case. The field is mandatory for inter-band UL CA and (NG)EN-DC case where UE supports dynamic UL 1Tx-2Tx switching.
	BC
	CY
	N/A
	FR1 only



We note that the capability is NOT split between TDD and FDD, presumably because it was already at per-BC level anyway and only one direction of switching was allowed. 
Observation 1: The current UL Tx switching capability seems not to differentiate between TDD and FDD for the carrier 1 and carrier 2 roles. 
But this misses one important factor (which was also discussed in RAN1 and has been captured in 38.213): The UE behaviour for PCell as carrier 1 is different in case PCell is FDD compared to the case when PCell is TDD. Thus, UE supporting the current capability shall also support both cases (where applicable).
Observation 2: The current UE capability for UL Tx switching (since Rel-16!) applies for both TDD PCell and FDD PCell acting as carrier 1. 
This means that if IODT is not available for one option (i.e. TDD PCell as carrier 1 or FDD PCell as carrier 1), it will not be possible for UE to indicate the capability as it would have to indicate something it has not been able to test. 
Observation 3: UE only supporting FDD PCell or TDD Cell as carrier 1 (e.g. in case IODT is not available for FDD or TDD PCell as carrier 1) may not be able to indicate the capability for UL TX switching.
Proposal 1: RAN2 to confirm that UE supporting uplinkTxSwitching-OptionSupport-r16 shall support the feature regardless of PCell duplex (i.e. the capability works for both TDD PCell and FDD PCell acting as carrier 1).
The same also applies for the REl-17 capability, so we would propose to handle that at the same time:
Proposal 2: RAN2 to confirm that UE supporting uplinkTxSwitching-OptionSupport2T2T-r17 shall support the feature regardless of PCell duplex (i.e. the capability works for both TDD PCell and FDD PCell acting as carrier 1).
To make this clear in specifications, we to add the following to the Rel-16 and Rel-17 capability descriptions:
	uplinkTxSwitching-OptionSupport-r16
Indicates which option is supported for dynamic UL 1Tx-2Tx switching for inter-band UL CA (for both FDD PCell and TDD PCell) and (NG)EN-DC. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. UE shall not report the value both for (NG)EN-DC case. The field is mandatory for inter-band UL CA and (NG)EN-DC case where UE supports dynamic UL 1Tx-2Tx switching.
	BC
	CY
	N/A
	FR1 only



	uplinkTxSwitching-OptionSupport2T2T-r17
Indicates which option is supported for dynamic UL 2Tx-2Tx switching for inter-band UL CA for both TDD PCell and FDD PCell. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. The field is mandatory for inter-band UL CA cases where UE supports dynamic UL 2Tx-2Tx switching. The UE indicating support of this feature shall indicate support of at least one common switching option between uplinkTxSwitching-OptionSupport2T2T-r17 and uplinkTxSwitching-OptionSupport-r16.
	BC
	CY
	N/A
	FR1 only



Proposal 3: Clarify that in UE capability descriptions of existing Rel-16 and Rel-17 UL Tx switching option support capabilities that the capabilities assume UE supports UL Tx switching regardless of the PCell duplex.
Since (in practice) FDD will typically use 15 kHz SCS and TDD 30 kHz SCS (in typical NR deployments), we would note that there are some existing capabilities that relate to FDD-TDD CA already, notable the support of different numerologies within the same PUCCH group introduced in Rel-16 as shown below. 

	diffNumerologyWithinPUCCH-GroupLargerSCS
Indicates whether UE supports different numerology across carriers within a PUCCH group and a same numerology between DL and UL per carrier for data/control channel at a given time in NR CA, (NG)EN-DC/NE-DC and NR-DC.
In case of NR CA and (NG)EN-DC/NE-DC with one NR PUCCH group and in case of NR CA with two NR PUCCH groups, it also indicates whether the UE supports different numerologies across NR carriers within the same NR PUCCH group up to two different numerologies within the same NR PUCCH group, wherein NR PUCCH is sent on the carrier with larger SCS for data and control channel at a given time.
In case of (NG)EN-DC/NE-DC with two NR PUCCH groups, it indicates whether the UE supports different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1, wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data and control channel at a given time.
In case of NR-DC, it indicates whether the UE supports different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	BC
	No
	N/A
	N/A

	diffNumerologyWithinPUCCH-GroupLargerSCS-CarrierTypes-r16
Indicates whether UE supports different numerology across carriers up to 2 different numerologies within the same PUCCH group wherein PUCCH is sent on the carrier with larger SCS for data/control channel at a given time in NR CA for UE supporting two PUCCH groups with 3 or more bands with at least two carrier types. UE indicating support of this feature shall indicate support of twoPUCCH-Grp-ConfigurationsList-r16.

NOTE:	PUCCH is sent on a carrier with SCS not smaller than SCS of any DL carriers corresponding to the PUCCH group.
	BC
	No
	N/A
	N/A

	diffNumerologyWithinPUCCH-GroupSmallerSCS
Indicates whether UE supports different numerology across carriers within a PUCCH group and a same numerology between DL and UL per carrier for data/control channel at a given time in NR CA, (NG)EN-DC/NE-DC and NR-DC.
In case of NR CA and (NG)EN-DC/NE-DC with one NR PUCCH group and in case of NR CA with two NR PUCCH groups, it also indicates whether the UE supports different numerologies across NR carriers within the same NR PUCCH group up to two different numerologies within the same NR PUCCH group, wherein NR PUCCH is sent on the carrier with smaller SCS for data and control channel at a given time.
In case of (NG)EN-DC/NE-DC with two NR PUCCH groups, it indicates whether the UE supports different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1, wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data and control channel at a given time.
In case of NR-DC, it indicates whether the UE supports different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	BC
	No
	N/A
	N/A



However, in our view these are not sufficient (or even suitable) for determining whether UE has the IODT opportunities for both TDD and FDD PCells for UL Tx switching since the link is very tenuous and hard to read from just the capability descriptions.
Observation 4: Existing UE capabilities for different numerology within the same PUCCH group do not seem sufficient to indicate IODT opportunities with both FDD and TDD PCells for UL Tx switching.
Therefore, to allow different IODT opportunities, we would propose to split the capability to FDD PCell and TDD PCell parts, which would need new capability to indicate whether the UE supports only FDD PCell or TDD PCell. As with above, this should then apply for both 1Tx-2Tx and 2Tx-2Tx cases (since they share the UL Tx switching option – support capability signalling).
Proposal 4: Add a new Rel-16 capability indicating that UE only supports 1Tx-2Tx or 2Tx-2Tx UL Tx switching with FDD PCell or TDD PCell. 
The capability signalling can be accomplished in many ways, but below shows one example including the capability description: A new capability is defined that indicates UE only supports UL Tx switching with FDD or TDD PCell (as the joint case is covered by legacy capability), and UE shall only indicate this capability if it does not indicate the legacy capability.
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
    bandCombination-r16                 BandCombination,
    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,
    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,
    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,
    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,
    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,
    bandCombination-v1610               BandCombination-v1610                      OPTIONAL,
    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,
    ...,
    [[
    -- R4 16-5 UL-MIMO coherence capability for dynamic Tx switching between 3CC 1Tx-2Tx switching
    uplinkTxSwitching-PUSCH-TransCoherence-r16     ENUMERATED {nonCoherent, fullCoherent}   OPTIONAL
    ]],
    [[
    uplinkTxSwitching-PCell-Duplex-r16 CHOICE {
         fddOnly        ENUMERATED {switchedUL, dualUL, both}, 
         tddOnly        ENUMERATED {switchedUL, dualUL, both}
    }                                                                              OPTIONAL,
    ]]
}

	uplinkTxSwitching-PCell-Duplex-r16
Indicates which option is supported for dynamic UL Tx switching for inter-band UL CA with only FDD PCell (value fddOnly) or with only TDD PCell (value tddOnly). switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. The UE only includes this field if the field for inter-band UL CA cases where uplinkTxSwitching-OptionSupport-r16 for is absent and UE supports dynamic UL 1Tx-2Tx switching.for the corresponding inter-band UL CA band combination. 
	BC
	No
	N/A
	FR1 only



Proposal 5: RAN2 to agree work on CRs according to the above example for the PCell duplex capability for UL Tx switching.
Finally, since the Rel-17 UL Tx switching option mandated a “compatibility option” between Rel-16 and Rel-17 signalling, this needs to be also reflected for the Rel-17 capability as shown below (including the previous changes as per proposal 3):
	uplinkTxSwitching-OptionSupport2T2T-r17
Indicates which option is supported for dynamic UL 2Tx-2Tx switching for inter-band UL CA for both TDD PCell and FDD PCell. switchedUL represents option 1 as specified in TS 38.214 [12], dualUL represents option 2 as specified in TS 38.214 [12], both represents both option 1 and option2 as specified in TS 38.214 [12]. The field is mandatory for inter-band UL CA cases where UE supports dynamic UL 2Tx-2Tx switching. The UE indicating support of this feature shall indicate support of at least one common switching option between uplinkTxSwitching-OptionSupport2T2T-r17 and uplinkTxSwitching-OptionSupport-r16 or uplinkTxSwitching-PCell-Duplex-r16 (whichever is present).
	BC
	CY
	N/A
	FR1 only



Proposal 6: Clarify in Rel-17 UL Tx switching capability that the common switching option may also be coming from the PCell duplex-differentiated UE capability (as shown above).
3	Conclusion
This document has made the following observations:
Observation 1: The current UL Tx switching capability seems not to differentiate between TDD and FDD for the carrier 1 and carrier 2 roles. 
Observation 2: The current UE capability for UL Tx switching (since Rel-16!) applies for both TDD PCell and FDD PCell acting as carrier 1. 
Observation 3: UE only supporting FDD PCell or TDD Cell as carrier 1 (e.g. in case IODT is not available for FDD or TDD PCell as carrier 1) may not be able to indicate the capability for UL TX switching.
Observation 4: Existing UE capabilities for different numerology within the same PUCCH group do not seem sufficient to indicate IODT opportunities with both FDD and TDD PCells for UL Tx switching.
And proposed the following:
Proposal 1: RAN2 to confirm that UE supporting uplinkTxSwitching-OptionSupport-r16 shall support the feature regardless of PCell duplex (i.e. the capability works for both TDD PCell and FDD PCell acting as carrier 1).
Proposal 2: RAN2 to confirm that UE supporting uplinkTxSwitching-OptionSupport2T2T-r17 shall support the feature regardless of PCell duplex (i.e. the capability works for both TDD PCell and FDD PCell acting as carrier 1).
Proposal 3: Clarify that in UE capability descriptions of existing Rel-16 and Rel-17 UL Tx switching option support capabilities that the capabilities assume UE supports UL Tx switching regardless of the PCell duplex.
Proposal 4: Add a new Rel-16 capability indicating that UE only supports 1Tx-2Tx or 2Tx-2Tx UL Tx switching with FDD PCell or TDD PCell. 
Proposal 5: RAN2 to agree work on CRs according to the above example for the PCell duplex capability for UL Tx switching.
Proposal 6: Clarify in Rel-17 UL Tx switching capability that the common switching option may also be coming from the PCell duplex-differentiated UE capability (as shown above).





