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1. Introduction
In Oct RAN1 and RAN4 meetings, there are some progress related to UE capability reporting and network configuration for Rel-18 UL Tx switching enhancements. In this contribution, we are going to discuss the corresponding RAN2 signaling design as requested in RAN1 LS [1] and RAN4 LS [2][3]. 
2. Discussion
In Aug RAN2 meeting, the potential RAN2 impact to support Rel-18 uplink Tx switching enhancements has been discussed. Companies agreed that as a baseline the general Rel-16/17 RAN2 signaling framework should be reused, but the details are pending to RAN1/4 discussion. The following issues are listed as FFS: 
· RAN2 waits for RAN1/4 input and then addresses the potential issues according to RAN1/4 indication, e.g.:
– whether the switching period is configured per band pair or per band combination on UE capability reporting.
– whether the switching option (i.e. switchedUL or dualUL) is configured per band pair or per band combination on UE capability reporting.
– how RRC configures a period location for each band pair within three or four bands on RRC configuration.
– how to configure a state of Tx chains after the UL Tx switching is not unique in Rel-18 framework on RRC configuration.
In Oct RAN2 meeting, no discussion on Rel-18 UL Tx switching enhancements due to lack of RAN1/RAN4 inputs. Meanwhile, RAN1 and RAN4 have achieved lots of agreements and send LSs in [1][3] to RAN2, requesting RAN2 to discuss and decide some signaling design. In this case, RAN2 can start evaluating the signalling design for Rel-18 UL Tx switching enhancements based on RAN1/RAN4 inputs. 
2.1 RAN1 and RAN4 progress
In Aug and Oct meetings, the following progress is made in RAN1/4 which have direct impact on RAN2:
RAN1 made the working assumption that the UL Tx switching across up to 4 bands can be supported in Rel-18, meanwhile both of Switched UL and Dual UL are supported.
RAN1 agreed that the switching mechanism for Rel-18 UL Tx switching is similar like the one defined in Rel-16/17, i.e. dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, via dynamic grant and/or RRC configuration for UL transmission.
For the UE capability reporting of switching period, RAN4 agreed the value range and granularity in Rel-18 are the same as in Rel-17/16, but whether UE can report different value for Rel-18, i.e. via a separate Rel-18 capability parameter, will be further discussed by RAN4.
For the network configuration of period location, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
For the UE capability reporting of applicability of DL interruption, RAN4 agreed to reuse the Rel-16/17 agreement, and reached the following agreements: 
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching
For UL-MIMO coherence capability for Rel-18 Tx switching among 3 or 4 bands, RAN4 agreed the capability is per-band per-BC, and if the capability is absent, the Rel-15 per band capability applies. However, whether a Rel-18 new capability is to be introduced or to reuse Rel-17 per-band per-BC capability is left to RAN2 to decide. 
For the UE capability reporting of supported switching option (i.e. Switched UL and Dual UL), RAN1 came up with the following alternatives and asked RAN2 to down select:
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs
For the network configuration to indicate Switched UL or Dual UL, i.e. whether UE should expect for concurrent UL transmission, RAN1 came up with the following alternatives and asked RAN2 to down select:
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission
For network configuration on switching state of Tx chains, RAN1 made the following working assumption that at least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases:
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases
For complexity reduction, RAN1 agreed:
· Regarding concurrent UL transmission, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability. See the details on UE capability and network configuration for switching options of Switched UL and Dual UL. 
· Regarding maximum MIMO layer, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability. Whether the existing UE capability and network configuration are sufficient is FFS.
· Regarding the minimum separation time between two UL Tx switchings, RAN1 made working assumption to study and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases. 
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time
Based on the above agreements, we have the following proposals:
Proposal 1: The switching period, switching period location, potential solution of complexity reduction, configuration of switching state are still under-discussion in RAN1/RAN4, thus RAN2 need to wait for further inputs before RAN2 signalling design on those aspects. 
Proposal 2: For the UE capability reporting and network configuration related to the supported switching option, RAN1 provided some alternatives to RAN2, thus RAN2 can start to discuss the down-selection and detailed signalling design.
Proposal 3: For the UE capability reporting for UL MIMO coherence, RAN4 agreed the granularity, thus RAN2 can start to discuss the detailed signalling.
Proposal 4: For the UE capability reporting for applicability of DL interruption, RAN4 agreed that Rel-18 UL Tx switching reuses Rel-16/17 agreements, which means no new signalling is needed.
2.2 RAN2 signalling design
2.2.1 FeatureSets report for UL Tx switching among 3/4 UL bands 
[image: ]Based on the current signalling framework, the straightforward option is to report 3/4 FeatureSetUplink in one row of a FeatureSetCombination in BandCombination-UplinkTxSwitch to indicate UL Tx switching for 3/4 UL bands as below:
Figure 1: new feature sets for R18 Tx switching
[bookmark: _Hlk118189604][bookmark: _Hlk118118861]However, the legacy network would expect only 2 FeatureSetUplink in one row of a FeatureSetCombination for UL TX switching. To keep backward compatibility, it is better to assume that a legacy network ignores the FeatureSet combinations involving 3/4 UL bands in a Tx switching BC and thus the fall-back capabilities to 2 bands Tx switching can’t be omitted in the capability report.
Even though the UE report 3/4 bands in one FeastureSetCombination, the UE is only required to transmit on 1 or 2 bands at most at same time using different band pairs. However, with this option the capability for a specific band is limited to the minimized capability for this band in all band pairs supported by the BC. In the example above, the band 2 can be paired with band 1 or band 3 and assuming:
· the carrier in band1 is 100MHz;
· the carrier in band 3 is 50MHz; 
· the UE can process 150MHz in total;
[bookmark: _Hlk118189643]The carrier in band 2 can only be set to less than 50MHz considering it might be paired with band1 in dual UL transmission. However, when it paired with band 3, the actual capability for band 2 can be extended to 100MHz while it can’t be reported in this scheme. therefore, this report scheme would restrict the report flexibility from UE side.
Observation 1: if the capability for UL Tx switching among 3/4 UL bands is indicated by 3/4 FeatureSetUplink in one row of a FeatureSetCombination, the following restrictions are observed:
· In a BC up to 3/4 band Tx switching, the fall-back capabilities to 2 bands Tx switching can’t be omitted in the capability report even if the same capability is used in 2 bands Tx switching scenario.
· The capability for a specific band is limited to the minimized capability for this band in all band pairs supported by the BC, which restrict the report flexibility from UE side
To overcome the above restriction, another possibility is to combine the FeatureSets reported for 2 bands Tx switching capabilities in Rel-16/17 to indicate 3/4 band Tx switching capability as shown below:
[image: ]
Figure 2: Combine R16/17 feature sets for R18 Tx switching
In this way, the UE is not required to report features for 3/4 band Tx switching separately, which could reduce the signalling size for R18 Tx switching capability. In addition, whit this option the UE can report different FeatureSets when paired with different bands and provide flexibility for the UE.
Proposal 5: Combine the FeatureSets reported for 2 bands Tx switching capabilities in Rel-16/17 to indicate 3/4 band Tx switching capability for Rel-18 UL Tx switching.
2.2.2 UE capability reporting of supported switching option
In Rel-16/17, the supported switching option is reported as a per-BC capability parameter. In Rel-18, RAN1 agreed can report concurrent UL transmission is supported per band-pair per-BC for UL Tx switching across up to 4 bands.  
[bookmark: _Hlk118107466]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
    ]]
}

[Non-related part is omitted.]

BandCombination-UplinkTxSwitch-v1700 ::= SEQUENCE {
    bandCombination-v1700                    BandCombination-v1700                      OPTIONAL,
    -- R4 16-1/16-2/16-3 Dynamic Tx switching between 2CC/3CC 2Tx-2Tx/1Tx-2Tx switching
    supportedBandPairListNR-v1700            SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v1700  OPTIONAL,
    -- R4 16-6: UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching
    uplinkTxSwitchingBandParametersList-v1700 SEQUENCE (SIZE (1.. maxSimultaneousBands)) OF UplinkTxSwitchingBandParameters-v1700  OPTIONAL
}

BandCombination-UplinkTxSwitch-v1720 ::= SEQUENCE {
    bandCombination-v1720                    BandCombination-v1720                 OPTIONAL,
    uplinkTxSwitching-OptionSupport2T2T-r17  ENUMERATED {switchedUL, dualUL, both} OPTIONAL
}

The 3 alternatives provided by RAN1 have different RAN2 impact. Below shows the examples of RAN2 signalling:
Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}

ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
    uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}

ULTxSwitchingBandPair-v18xx ::=     SEQUENCE {
    uplinkTxSwitching-OptionSupportMoreBands-r18 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL
}
Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination (Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination)
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
    ]]
}

[Non-related part is omitted.]

BandCombination-UplinkTxSwitch-v1700 ::= SEQUENCE {
    bandCombination-v1700                    BandCombination-v1700                      OPTIONAL,
    -- R4 16-1/16-2/16-3 Dynamic Tx switching between 2CC/3CC 2Tx-2Tx/1Tx-2Tx switching
    supportedBandPairListNR-v1700            SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v1700  OPTIONAL,
    -- R4 16-6: UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching
    uplinkTxSwitchingBandParametersList-v1700 SEQUENCE (SIZE (1.. maxSimultaneousBands)) OF UplinkTxSwitchingBandParameters-v1700  OPTIONAL
}

BandCombination-UplinkTxSwitch-v1720 ::= SEQUENCE {
    bandCombination-v1720                    BandCombination-v1720                 OPTIONAL,
    uplinkTxSwitching-OptionSupport2T2T-r17  ENUMERATED {switchedUL, dualUL, both} OPTIONAL
}

BandCombination-UplinkTxSwitch-v18xx ::= SEQUENCE {
    uplinkTxSwitching-OptionSupportMoreBands-r18  ENUMERATED {switchedUL, dualUL, both} OPTIONAL,
    supportedBandPairForConcTrans-r18             BIT STRING (SIZE (maxULTxSwitchingBandPairs)) OPTIONAL    
    -- If dualUL or both is reported, each bit indicate whether the corresponding band pair support concurrent transmission. 0 is not supported, and 1 is supported. If this parameter is absent, all the band pairs support concurrent transmission.
}
Alt.3: report {dualUL} for each band pair in the band combination (Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs)
There are two ways to indicate the additional support of dualUL for each pair. The first way is to add a bit string under the BC, and each bit is corresponding to a band pair. The other way is to add the indicator under each band pair.
Signaling #1:
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
    ]]
}

[Non-related part is omitted.]

BandCombination-UplinkTxSwitch-v1700 ::= SEQUENCE {
    bandCombination-v1700                    BandCombination-v1700                      OPTIONAL,
    -- R4 16-1/16-2/16-3 Dynamic Tx switching between 2CC/3CC 2Tx-2Tx/1Tx-2Tx switching
    supportedBandPairListNR-v1700            SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v1700  OPTIONAL,
    -- R4 16-6: UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching
    uplinkTxSwitchingBandParametersList-v1700 SEQUENCE (SIZE (1.. maxSimultaneousBands)) OF UplinkTxSwitchingBandParameters-v1700  OPTIONAL
}

BandCombination-UplinkTxSwitch-v1720 ::= SEQUENCE {
    bandCombination-v1720                    BandCombination-v1720                 OPTIONAL,
    uplinkTxSwitching-OptionSupport2T2T-r17  ENUMERATED {switchedUL, dualUL, both} OPTIONAL
}

BandCombination-UplinkTxSwitch-v18xx ::= SEQUENCE {
    supportedBandPairForConcTrans-r18             BIT STRING (SIZE (maxULTxSwitchingBandPairs)) OPTIONAL    
    -- each bit indicate whether the corresponding band pair support dualUL/concurrent transmission assuming all band pairs support switchedUL by default. 0 is not supported, and 1 is supported.
}
Signaling #2:
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}

ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
    uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}

ULTxSwitchingBandPair-v18xx ::=     SEQUENCE {
    uplinkTxSwitching-OptionSupportMoreBands-r18 ENUMERATED {dualUL}      OPTIONAL
}
Among the 3 alternatives, Alt.3 is the simplest one with minimum signalling overhead.
[bookmark: _Hlk118188823]Proposal 6: For UE capability reporting of supported switching option in Rel-18, RAN2 select Alt.3, i.e. for a band combination supporting Rel-18 UL Tx switching, UE supports switched UL for all band pair without explicit reporting, and reports support of dualUL for each band pair.
2.2.3 RRC configuration of switching option (Switched UL or Dual UL)
In Rel-16/17, the option is configured via uplinkTxSwitchingOption-r16 included in CellGroupConfig at a per UE level.
CellGroupConfig ::=                        SEQUENCE {
cellGroupId                                CellGroupId,
[Non-related part is omitted.]

    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]],
    [[
    f1c-TransferPathNRDC-r17                   ENUMERATED {mcg, scg, both}                                             OPTIONAL,   -- Need M
    uplinkTxSwitching-2T-Mode-r17              ENUMERATED {enabled}                                                    OPTIONAL,   -- Cond 2Tx
    uplinkTxSwitching-DualUL-TxState-r17       ENUMERATED {oneT, twoT}                                                 OPTIONAL,   -- Cond 2Tx
[Non-related part is omitted.]
}
	CellGroupConfig field descriptions

	uplinkTxSwitchingOption
Indicates which option is configured for dynamic UL Tx switching for inter-band UL CA or (NG)EN-DC. The field is set to switchedUL if network configures option 1 as specified in TS 38.214 [19], or dualUL if network configures option 2 as specified in TS 38.214 [19]. Network always configures UE with a value for this field in inter-band UL CA case and (NG)EN-DC case where UE supports dynamic UL Tx switching.


Similar for UE capability reporting, the potential RAN2 signalling for the RAN1 alternatives are given below.
Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
CellGroupConfig ::=                        SEQUENCE {
cellGroupId                                CellGroupId,
[Non-related part is omitted.]

    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]],
    [[
    f1c-TransferPathNRDC-r17                   ENUMERATED {mcg, scg, both}                                             OPTIONAL,   -- Need M
    uplinkTxSwitching-2T-Mode-r17              ENUMERATED {enabled}                                                    OPTIONAL,   -- Cond 2Tx
    uplinkTxSwitching-DualUL-TxState-r17       ENUMERATED {oneT, twoT}                                                 OPTIONAL,   -- Cond 2Tx
[Non-related part is omitted.]
}

Alt.1 is per-UE configuration, which means the existing RRC parameter can be reused.
Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
CellGroupConfig ::=                        SEQUENCE {
cellGroupId                                CellGroupId,
[Non-related part is omitted.]

    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                                                    OPTIONAL    -- Need R
    ]],
    [[
    reportUplinkTxDirectCurrentTwoCarrier-r16  ENUMERATED {true}                                                       OPTIONAL    -- Need N
    ]],
    [[
    f1c-TransferPathNRDC-r17                   ENUMERATED {mcg, scg, both}                                             OPTIONAL,   -- Need M
    uplinkTxSwitching-2T-Mode-r17              ENUMERATED {enabled}                                                    OPTIONAL,   -- Cond 2Tx
    uplinkTxSwitching-DualUL-TxState-r17       ENUMERATED {oneT, twoT}                                                 OPTIONAL,   -- Cond 2Tx
[Non-related part is omitted.]
    ]],
    [[
    uplinkTxSwitchingBandPairListConcTrans-r18      SEQUENCE (SIZE (1.. maxULTxSwitchingBandPairs)) OF UplinkTxSwitchingBandPairConcTrans-r18        OPTIONAL   -- Need M
}

UplinkTxSwitchingBandPairConcTrans-r18  ::=       SEQUENCE {
    bandInfoUL1-r18            SEQUENCE {
        cellIndexUL1-r18             ServCellIndex,
        uplinkIndication-r18            ENUMERATED {SUL, NUL}
    },
    bandInfoUL2-r18            SEQUENCE {
        cellIndexUL2-r18            ServCellIndex,
        uplinkIndication-r18        ENUMERATED {SUL, NUL}
    },
    uplinkTxSwitchingOptionMoreBands-r18   ENUMERATED {switchedUL, dualUL}    OPTIONAL   -- Need M
}
-- indicate the band pairs first, and indicate whether concurrent transmission can be supported for each band pair
Alt.2 is per-band pair configuration. In this case, the band pairs need to be indicated first, and for each band pair the option can be indicated. 
Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission
UplinkConfig ::=                    SEQUENCE {
    initialUplinkBWP                    BWP-UplinkDedicated                                                     OPTIONAL,   -- Need M
    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink                          OPTIONAL,   -- Need N
    firstActiveUplinkBWP-Id             BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd
    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                                   OPTIONAL,   -- Need M
    ...,
    [[
    powerBoostPi2BPSK                   BOOLEAN                                                                 OPTIONAL,   -- Need M
    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]],
    [[
    enablePL-RS-UpdateForPUSCH-SRS-r16  ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUSCH0-0-r16 ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForPUCCH-r16    ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    enableDefaultBeamPL-ForSRS-r16      ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    uplinkTxSwitching-r16               SetupRelease { UplinkTxSwitching-r16 }                                  OPTIONAL,   -- Need M
    mpr-PowerBoost-FR2-r16              ENUMERATED {true}                                                       OPTIONAL    -- Need R
    ]],
    [[
    uplinkTxSwitchingMoreBands-r18      SetupRelease { UplinkTxSwitching-v18xx }                                  OPTIONAL   -- Need M
    ]]
}

[Non-related part is omitted.]

UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}

UplinkTxSwitching-v18xx ::=              SEQUENCE {
    uplinkTxSwitchingPairedBandList-r18   SEQUENCE (SIZE (1.. maxULTxSwitchingBandPairs)) OF UplinkTxSwitchingPairedBand-r18        OPTIONAL   -- Need M
}

UplinkTxSwitchingPairedBand-r18 ::=              SEQUENCE {
    bandInfoUL1-r18            SEQUENCE {
        cellIndexUL1-r18             ServCellIndex,
        uplinkIndication-r18            ENUMERATED {SUL, NUL}
    },
    uplinkTxSwitchingOptionMoreBands-r18   ENUMERATED {switchedUL, dualUL} OPTIONAL   -- Need M
}

-- for each UL indicate the paired band, and whether concurrent transmission is supported on the band pair. 
Alt.3 is per-cell/uplink configuration. But for each cell, involved band pair should be indicated and then for each band pair the option is indicated further. Thus in this alternative, a IE to indicate the paired band for each cell/uplink is introduced.
Among the 3 alternatives, we understand Alt.1 is clear and simplest. 
Proposal 7: For RRC configuration of switching option for Rel-18 UL Tx switching, RAN2 select Alt.1, i.e. reuse the Rel-16/17 signaling to configure the switching option at a per-UE level, which applies to all the band pairs configured.
2.2.4 UE capability reporting of UL MIMO coherence
In Rel-16, RAN4 agreed to introduce a per-BC UE capability to indicate UL MIMO coherence for 1T-2T UL Tx switching. In Rel-16, RAN4 agreed to introduce a per-band per-BC UE capability to indicate UL MIMO coherence for 2T-2T UL Tx switching. 
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
    ]]
}

[Non-related part is omitted.]

BandCombination-UplinkTxSwitch-v1700 ::= SEQUENCE {
    bandCombination-v1700                    BandCombination-v1700                      OPTIONAL,
    -- R4 16-1/16-2/16-3 Dynamic Tx switching between 2CC/3CC 2Tx-2Tx/1Tx-2Tx switching
    supportedBandPairListNR-v1700            SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v1700  OPTIONAL,
    -- R4 16-6: UL-MIMO coherence capability for dynamic Tx switching between 2Tx-2Tx switching
    uplinkTxSwitchingBandParametersList-v1700 SEQUENCE (SIZE (1.. maxSimultaneousBands)) OF UplinkTxSwitchingBandParameters-v1700  OPTIONAL
}

UplinkTxSwitchingBandParameters-v1700 ::=       SEQUENCE {
    bandIndex-r17                                   INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17  ENUMERATED {nonCoherent, fullCoherent}            OPTIONAL
}

For Rel-18 UL Tx switching, RAN4 agreed per-band per-BC capability is applied. In this case, the Rel-17 UE capability parameter of uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 should be sufficient, at least for the band pairs supporting 2T-2T switching. If there is any other cases, e.g. some band pair only support 1T-2T switching, further inputs from RAN4/RAN1 are expected.
Proposal 8: For UE capability reporting of UL MIMO coherence, the Rel-17 per-band per-BC UE capability parameter uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 is to be reused in Rel-18 UL Tx switching.
3. Conclusion
Based on the above discussion, the proposals from our side are: 
Proposal 1: The switching period, switching period location, potential solution of complexity reduction, configuration of switching state are still under-discussion in RAN1/RAN4, thus RAN2 need to wait for further inputs before RAN2 signalling design on those aspects. 
Proposal 2: For the UE capability reporting and network configuration related to the supported switching option, RAN1 provided some alternatives to RAN2, thus RAN2 can start to discuss the down-selection and detailed signalling design.
Proposal 3: For the UE capability reporting for UL MIMO coherence, RAN4 agreed the granularity, thus RAN2 can start to discuss the detailed signalling.
Proposal 4: For the UE capability reporting for applicability of DL interruption, RAN4 agreed that Rel-18 UL Tx switching reuses Rel-16/17 agreements, which means no new signalling is needed.
Observation 1: if the capability for UL Tx switching among 3/4 UL bands is indicated by 3/4 FeatureSetUplink in one row of a FeatureSetCombination, the following restrictions are observed:
· In a BC up to 3/4 band Tx switching, the fall-back capabilities to 2 bands Tx switching can’t be omitted in the capability report even if the same capability is used in 2 bands Tx switching scenario.
· The capability for a specific band is limited to the minimized capability for this band in all band pairs supported by the BC, which restrict the report flexibility from UE side
Proposal 5: Combine the FeatureSets reported for 2 bands Tx switching capabilities in Rel-16/17 to indicate 3/4 band Tx switching capability for Rel-18 UL Tx switching.
Proposal 6: For UE capability reporting of supported switching option in Rel-18, RAN2 select Alt.3, i.e. for a band combination supporting Rel-18 UL Tx switching, UE supports switched UL for all band pair without explicit reporting, and reports support of dualUL for each band pair.
Proposal 7: For RRC configuration of switching option for Rel-18 UL Tx switching, RAN2 select Alt.1, i.e. reuse the Rel-16/17 signaling to configure the switching option at a per-UE level, which applies to all the band pairs configured.
Proposal 8: For UE capability reporting of UL MIMO coherence, the Rel-17 per-band per-BC UE capability parameter uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17 is to be reused in Rel-18 UL Tx switching.
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5. Annex
RAN1 LS R1-2210724
	Proposed agreement 3.1
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

Proposed working assumption 5.1
· Specify UL Tx switching schemes across up to 4 bands in Rel-18

Proposed working assumption 5.2
· If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

Proposed agreement 3.6
· Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

Updated Proposed agreement 3.1.3
· Ask RAN2 to consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs

Updated Proposed agreement 3.1.4
· Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission


 
RAN4 LS R4-2214464
RAN1 Question:
RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. 
RAN4 Answer: 
Agreement:
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.

On the UE complexity:
RAN4 has not identified any technical difficulty for UE to prevent realizing Tx switching across 3 or 4 bands.
RAN4 would like to recommend the UE memory sharing issue to be further discussed in RAN1 if necessary. 

RAN1 Question:
RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”
RAN4 Answer: 
RAN4 has discussed the UE assumption/behavior considering two cases:
· Case 1: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on either band A or band B.
For Case 1, RAN4 agreed that neither of Tx chains is expected to be used for transmission during the switching period. 
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period. 

RAN4 also discussed other related issues for UL Tx switching across 3 or 4 bands in single TAG scenario, and reached the following agreements:
For concurrent UL transmission on 2 bands:
For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands at least requires UL CA support on the corresponding band pair(s) by the UE.
RAN4 LS R4-2217741
Issue 1: Length of switching period
For the same band pair, RAN4 discussed whether the same or a different value can be reported for the specific band pair involved in Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17, and will further discuss based on the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and Option 2 for dualUL.

Issue 2: Impact from switching of one Tx chain on the other Tx chain
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has not concluded on whether to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.

Issue 3: Issue of two Tx chains switched between two different band pairs
When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· As baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods. 
· In addition to the baseline UE assumption, RAN4 has not concluded on whether advanced optional UE ability can be considered, with further discussions ongoing.

Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.

Issue 5: Applicability of DL interruption
In general, RAN4 agreed to reuse the Rel-16/17 agreement, and reached the following agreements:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.

Issue 6: UL-MIMO coherence
RAN4 agreed that: 
· For Rel-18 Tx switching across 3 or 4 bands, apply per band per BC capability on UL-MIMO coherence for the 2Tx-capable UL band(s). If the per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL band(s) for Tx switching. 
· It is up to RAN2 discussion on whether the Rel-17 per band per BC signalling on UL-MIMO coherence capability for 2Tx-2Tx switching can be reused for Rel-18 Tx switching.
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