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1. Introduction
The dynamic uplink Tx switching (including 1Tx-2Tx and 2Tx-2Tx) between 2 bands has been specified in Rel-16 and Rel-17. For further uplink performance improvement, more bands can be supported for UL Tx switching in Rel-18, as captured in RP-213577[1] for multi-carrier enhancement work item.
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL


In RAN1 May meeting, the performance and gains are discussed based on companies’ contributions. In RAN2, the main work is to study the signaling design for UE capability reporting and RRC configuration.
2. Discussion
In this contribution, we would like to discuss the potential RAN2 impact to support the UL Tx switching among 3 bands/4 bands in terms of UE capability reporting and RRC configuration.
In Rel-16/Rel-17, RAN2 has specified signaling for 1Tx-2Tx/2Tx-2Tx switching. In particular, a UL Tx specific band combination list has been introduced to report UE capability used in UL Tx switching operation. As a design principle, the existing RAN2 signaling for UL Tx switching should be reused as much as possible in order to save signaling overhead.
Proposal 1: The Rel-16/17 UL Tx switching BC list and signalling framework should be reused for Rel-18 UL Tx switching enhancements.
2.2 UE capabiltiy reporting
The existing design in Rel-16/Rel-17 is summarized as below:
· A uplink Tx switching specific BC list (i.e. BandCombinationList-UplinkTxSwitch) is introduced for UE capability reporting:
· Legacy per-BC capabilities and FSC can be reported in legacy way;
· New capabilities reported for 1Tx-2Tx/2Tx-2Tx switching for a given BC includes:
· Band pair list (i.e. supportedBandPairListNR), between the two bands in a pair the UL Tx switching is performed
· 1Tx-2Tx/2Tx-2Tx switching period and DL interruption reported for each band pair
· Supported option (i.e. SwitchedUL, DualUL, both) is reported for UL CA in uplinkTxSwitching-OptionSupport
· Power boosting support is reported for 1Tx-2Tx in UL CA case
· 1Tx-2Tx PUSCH coherence support is reported per BC
· 2Tx-2Tx PUSCH coherence support is reported per band per BC
In Rel-16, the switching period and DL interruption were introduced by RAN4, as these are new requirements for UE performing UL Tx switching. In Rel-18, although there are 3 bands/4 bands to be configured for UL Tx switching, the Tx(s) are still switched from one band to another band as shown in Figure 1. Therefore the UL Tx switching period requirement defined as per-band pair is sufficient. Furthermore, considering the Rel-18 objective is to extend the 2 band switching to more bands, which means the switching periods of 2Tx-2Tx/1Tx-2Tx switching time must have already reported for the band pairs in the existing UE capability by a UE supporting UL switching among 3 bands/4bands. Similarly for DL interruption, in Rel-16/Rel-17 the DL interruption is reported per-band per BC for a given band pair, then if the dynamic switching is allowed within more than 2 bands (i.e. multiple band pairs), the DL interruption is still per-band per BC for the band pair within which the UL Tx is switching this time. In this case, the framework of capability reporting for Rel-16/Rel-17 UL Tx switching are likely to be reused in Rel-18.
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Figure 1. Example of the switching cases in 2 band scenario and 3 bands/4 bands scenario

Observation 1: For UL Tx switching among 3 bands/4 bands, the switching period/DL interruption can be reported via the same framework of Rel-16/Rel-17 1Tx-2Tx/2Tx-2Tx switching. 
In Rel-18 discussion there might be new requirements or new capabilities introduced by RAN4/RAN1. For instance, RAN1 has identify a potential UE complexity issue as indicated in RAN1 to RAN4 LS R1-2205502. In this case, RAN2 can discuss the new UE capability reporting based on RAN1/RAN4 further conclusion.
Observation 2: New capabilities may be required, pending to RAN1/RAN4 discussion.
Based on above analyze, we understand from RAN2 point of view, there is no issue to support up to 4 bands, as the UE capability reporting for Rel-18 switching period/DL interruption is likely to reuse/mimic the existing signaling framework, which can be common for 3 bands and 4 bands. 
Proposal 2: From RAN2 perspective, there is no issue foreseen for supporting UE capability reporting regardless whether there are 3 bands or 4 bands. 
2.3 RRC configuration
The existing design in Rel-16/Rel-17 is summarized as below:
· Two uplinks (one uplink on one band, the other uplink on the other band) or three uplinks (one uplink on one band, the other two uplinks as contiguous CA on the other band) are configured by UplinkConfig.
· For each UplinkConfig, the uplinkTxSwitching is setup:
· In case two uplinks configured, one uplink is indicated as switching period location. One uplink is indicated as carrier1 and the other is carrier2.
· In case three uplinks can be configured to the UE, the two uplinks for contiguous UL CA should have the same configuration in terms of period location and carrier role.
· In CellGroupConfig, 
· The present of uplinkTxSwitching-2T-Mode indicates the 2Tx-2Tx switching is configured. If absent, the UE should interpret the 1Tx-2Tx switching is configured based on the present of Rel-16 uplinkTxSwitching in UplinkConfig.
· uplinkTxSwitchingOption indicates option1/option2 for 1Tx-2Tx/2Tx-2Tx switching for CA case;
· uplinkTxSwitchingPowerBoosting indicates if power boosting is allowed for 1Tx-2Tx switching in CA case;
· uplinkTxSwitching-DualUL-TxState indicates the Tx location as descripted in TS 38.214 for 2Tx-2Tx switching in CA case option2.
· The UL MIMO is configured in legacy way, and the UE shall follow L1 scheduling and determine if the UL Tx switching needs to be performed according to section 6.1.6 in TS 38.214. During UL Tx switching, the switching period will be applied to the uplink configured as switching period location.
From the RAN1 discussion in May meeting, we understand in general the dynamic switching is still triggered by L1 scheduling as same as what we have in Rel-16/Rel-17. Whether there is further enhancement/restriction on the dynamic switching mechanism is FFS. Then from RAN2 point of view, the main task is to configure uplinks on 3 bands/4 bands with UL MIMO as shown in Figure 2, and provides corresponding UL Tx switching configurations. For the first part, the existing signaling included in UplinkConfig seems to be sufficient, i.e. 3 uplinks/4 uplinks configured by UplinkConfig. For the second part, in Rel-16/Rel-17 one band is configured as period location as only two UL bands are involved, while in Rel-18 the signaling extension is required to provide information about when Tx is switched between two uplinks which one would be the switching period location when multiple band pairs exist. 

1. Scenarios in Rel-16/Rel-17 UL Tx switching between two bands
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2. Scenarios in Rel-18: 17 UL Tx switching among 3 bands/4 bands
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Figure 2. Example of UL Tx switching configuration in 2 band scenario and 3 bands/4 bands scenario

Observation 3: It is straightforward that the uplinks on 3 bands/4 bands for Rel-18 UL Tx switching are configured as in legacy way, i.e. by UplinkConfig.
Observation 4: Assuming UL Tx switching may involve multiple band pairs in Rel-18, RAN2 signaling extension is required to configure period location for each band pair, which is also pending to RAN1 discussion. 
Assuming both of option1 and option2 to be supported in Rel-18, the existing uplinkTxSwitchingOption can be reused to indicate which option is configured by network for UL Tx switching as in the way of Rel-16/Rel-17.
When 2Tx-2Tx switching are being configured in Rel-18 for option2, the uplinkTxSwitching-DualUL-TxState may be still needed to address the ambiguity of Tx location. So similarly like switching period location, the Tx state can be configured per switching band pair.
Observation 5: In Rel-18, the configuration of switching option can reuse the existing uplinkTxSwitchingOption.
Observation 6: When 2Tx-2Tx switching is configured for option 2, assuming the Tx state of oneT and twoT are configured by RRC, RAN2 signaling extension is needed to configure uplinkTxSwitching-DualUL-TxState for each switching band pair, which is also pending to RAN1 discussion.
As explained above, the above extension could be made based on the current framework, and has common impacts for 3 bands and 4 bands. 
Proposal 3: From RAN2 perspective, there is no issue foreseen for reusing R16/R17 RRC configuration framework regardless whether there are 3 bands or 4 bands.
3. Conclusion
Based on the above discussion, the observations and proposal from our side are: 
Proposal 1: The Rel-16/17 UL Tx switching BC list and signalling framework should be reused for Rel-18 UL Tx switching enhancements.
UE capability reporting
Observation 1: For UL Tx switching among 3 bands/4 bands, the switching period/DL interruption can be reported via the same framework of Rel-16/Rel-17 1Tx-2Tx/2Tx-2Tx switching. 
Observation 2: New capabilities may be required, pending to RAN1/RAN4 discussion.
Proposal 2: From RAN2 perspective, there is no issue foreseen for supporting UE capability reporting regardless whether there are 3 bands or 4 bands. 
RRC configuration
Observation 3: It is straightforward that the uplinks on 3 bands/4 bands for Rel-18 UL Tx switching are configured as in legacy way, i.e. by UplinkConfig.
Observation 4: Assuming UL Tx switching may involve multiple band pairs in Rel-18, RAN2 signaling extension is required to configure period location for each band pair, which is also pending to RAN1 discussion. 
Observation 5: In Rel-18, the configuration of switching option can reuse the existing uplinkTxSwitchingOption.
Observation 6: When 2Tx-2Tx switching is configured for option 2, assuming the Tx state of oneT and twoT are configured by RRC, RAN2 signaling extension is needed to configure uplinkTxSwitching-DualUL-TxState for each switching band pair, which is also pending to RAN1 discussion.
Proposal 3: From RAN2 perspective, there is no issue foreseen for reusing R16/R17 RRC configuration framework regardless whether there are 3 bands or 4 bands.
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5. Annex: asn.1 for UE capability reporting in Rel-16/Rel-17
---Excerpt from TS 38.331 h10---------------------------------------------------------------------------------------------
BandCombinationList-UplinkTxSwitch-r16 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-UplinkTxSwitch-r16
Omitting unrelated part…

BandCombinationList-UplinkTxSwitch-v1700 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-UplinkTxSwitch-v1700

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
    ]]
}
-- Editor's Note: whether switching option can be reported differently for 1T2T and 2T2T is FFS.
Omitting unrelated part…
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
}

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
}

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

---End of Excerpt--------------------------------------------------------------------------------------------------------------
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