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1.  Introduction
[bookmark: _Hlk65161006][bookmark: _GoBack]Uplink Tx switching has been extended to the following scenarios in Rel-17 FR1 RF requirements enhancement WI (with the latest WID in RP-210899).
· Scenario1: 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· Scenario2: 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
According to RAN4 agreements captured in LS R4-2103234, the R16 agreements on UL switching period and DL interruption are applicable to the above R17 Tx switching enhancement.
In this case, the R16 UE capability reporting and RRC configuration should be extended to cover R17 scenarios.
2. Discussion
2.1 UE capability reporting
In R16, a UL Tx switching specific BC list (i.e. BandCombinationList-UplinkTxSwitch) was introduced to report UE capabilities to be used when UL Tx switching (1Tx-2Tx) is enabled. In this BC list, the UE reports 1T+2T UE capability. In addition, the UE reports Tx switching period length and DL interruption per band pair for a given band combination in supportedBandPairListNR. 

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,
    ...
}

BandCombination-UplinkTxSwitch-v1630 ::=    SEQUENCE {
    bandCombination-v1630                       BandCombination-v1630              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
}


According to RAN4 agreements captured in LS R4-2103234, the R16 agreements on UL switching period and DL interruption are applicable to the R17 Tx switching enhancement. Thus the UE should report R17 UL Tx switching capabilities in the UL Tx switching specific BC list introduced in R16, i.e. no new BC list is needed.
Proposal 1: A UE supporting R17 UL Tx switching enhancement reports the corresponding UE capability in the UL Tx switching specific BC list (i.e. BandCombinationList-UplinkTxSwitch).
To support the two scenarios of R17 UL Tx switching, RAN2 needs to discuss if the R16 UE capability can be reused and if any new R17 UE capability is needed.
Scenario1: 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
For R17 2Tx-2Tx switching between two uplink carriers for SUL and UL CA, according to the following RAN4 agreements, the UE should report Tx switching period and DL interruption as in R16, and the value range of the two UE capabilities is the same as that for R16. In this case, the similar signalling design of R16 could be reused to report R17 2Tx-2Tx switching capability in the UL Tx switching BC list, where the UE should report 2T+2T capability to indicate the support of 2-layer MIMO.
	· Length of switching period
· Reuse Rel-16 values for UL CA and SUL, i.e., report {35us, 140 us, or 210us} per pair of UL bands per band combination, and apply the same set of values for switching between different cases in the WID
· Applicability of DL interruption
· Reuse the Rel-16 agreement:
· For 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.
· 2-layer MIMO support
· For 2Tx-2Tx switching, it is mandatory to support 2-layer PUSCH transmission in both carrier 1 and carrier 2 for UL CA and SUL.



Proposal 2: For R17 2Tx-2Tx switching between two uplink carriers for SUL and UL CA, introduce R17 ULTxSwitchingBandPair like UE capability to report Switching Period and DL interruption in the UL Tx switching BC list, where UE should report 2T+2T capabilities in UL feature sets for the given BC.
Scenario2: 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
And for R17 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA, RAN4 made the following agreements:
	· Switching time mask related requirements
· For switching time mask related requirements for inter-band SUL and CA (including the length of switching period, location of switching period, transient period and uplink outage due to switching), the same agreements are applied for the scenarios with either one carrier or two contiguous aggregated carriers on band B
· For the location of switching period, it is semi-statically configured on one of the two uplink bands.
· Applicability of DL interruption
· The same agreements are applied for the scenarios with either one carrier or two contiguous aggregated carriers on band B
· For 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.
· 2-layer MIMO support
· Mandate 2-layer PUSCH transmission in all the carriers supporting 2Tx, including the two carriers on band B in 1Tx-2Tx switching scenario and the three carriers on band A+B for 2Tx-2Tx switching scenario.



According to the above agreement, our understanding is as below. 
· For 1Tx-2Tx switching, the same UE capability of switching period and DL interruption should apply to both scenarios with either one carrier or two contiguous aggregated carriers on band B, i.e. no new UE capabilities are needed specific to 1Tx-2Tx switching with two contiguous aggregated carriers on band B, which can just be reported via the R16 UE capability signaling. 
· For 2Tx-2Tx switching, the new UE capabilities introduced for R17 2Tx-2Tx switching UE capability of switching period and DL interruption should apply to both scenarios with either one carrier or two contiguous aggregated carriers on band B. 

For instance, assuming on band combination A+B, UE supports both of
· R17 UL 1Tx-2Tx switching between one carrier on BandA and two continuous carriers on BandB
· R17 UL 2Tx-2Tx switching between one carrier on BandA and one/two continuous carriers on BandB
For band pair A+B, the UE should report uplinkTxSwitchingPeriod, uplinkTxSwitching-DL-Interruption in R16 UE capability parameter supportedBandPairListNR-R16 for 1Tx-2Tx switching, while report uplinkTxSwitchingPeriod, uplinkTxSwitching-DL-Interruption in R17 UE capability parameter e.g. supportedBandPairListNR2T2T-R17 for 2Tx-2Tx switching. 
Whether UE support 1 CC or 2 continuous CC or both on band B, it should be indicated as in legacy way, i.e. in ca-BandwidthClassUL-NR and FeatureSetUplinkPerCC. On band B, the fallback capability can still be supported from 2CCs to 1CC, and if UE support different fallback for 1CC on band B, it can be advertised in a separate FS entry, e.g. line #3 in blow figure.
[image: ]
Figure 1. UE capability reporting for support of 1Tx-2Tx and 2Tx-2Tx switching for a given BC
Proposal 3: For R17 UL Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA, the UE should report corresponding CA bandwidth class and UL featureSetPerCCs for 2 continuous CCs on band B in the legacy way, in addition
· For 1Tx-2Tx switching, reuse R16 ULTxSwitchingBandPair UE capability to report switching period and DL interruption.
· For 2Tx-2Tx switching, use the R17 ULTxSwitchingBandPair like UE capability to report switching period and DL interruption introduced for 2Tx-2Tx switching between 1 carrier on band A and 1 or 2 carriers on band B.
· On band B, the fallback capability from 2 CCs to 1 CC can be supported in the legacy way.

2.2 RRC configuration
In Rel-16, the IE “UplinkTxSwitching-r16” was added into UplinkConfig to indicate if the UL Tx switching period is located on the configured carrier and the configured carrier is either carrier1 or carrier2.
UplinkTxSwitching-r16 ::=              SEQUENCE {
    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,
    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}
}
	uplinkTxSwitchingPeriodLocation
Indicates whether the location of UL Tx switching period is configured in this uplink carrier in case of inter-band UL CA, SUL, or (NG)EN-DC, as specified in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures this field to TRUE for one of the uplink carriers involved in dynamic UL TX switching and configures this field in the other carrier to FALSE. In case of (NG)EN-DC, network always configures this field to TRUE for NR carrier (i.e. with (NG)EN-DC, the UL switching period always occurs on the NR carrier).

	uplinkTxSwitchingCarrier
Indicates that the configured carrier is carrier1 or carrier2 for dynamic uplink Tx switching, as defined in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures one of the two uplink carriers involved in dynamic UL TX switching as carrier1 and the other as carrier2. In case of (NG)EN-DC, network always configures the NR carrier as carrier 2.



The configuration of uplinkTxSwitchingPeriodLocation is referred by RAN1 and RAN4 specification, because the carrier configured with period location should apply the scheduling restriction specified in RAN1 spec and time mask according to RAN4 spec. However for the configuration of uplinkTxSwitchingCarrier (i.e. carrier1 or carrier2), we observe RAN1 and RAN4 specifications do not use this RRC configuration, this is because the carrier2 is just the carrier on which 2Tx transmission/2-layer UL MIMO is supported, which does not rely on any RRC configuration.
Observation1: The R16 RRC configuration of uplinkTxSwitchingCarrier is not referred by RAN1/RAN4 specification, i.e. not used by UE.
We understand the RAN1/RAN4 mechanism of R17 UL Tx switching is quite similar with R16 UL Tx switching, just with some enhancements of switched Tx number (1Tx in R16, 2Tx in R17) and carrier number on band B (one carrier in R16, two continuous carriers in R17), so the RRC configuration is also needed. However, considering the RAN1 discussion on this topic is just starting, it would be better for RAN2 to discuss RRC configuration with more RAN1 input.
Proposal 4: On how to design RRC configuration, RAN2 to wait for more RAN1 progress.
We also provide the draft CRs to TS 38.331 and TS 38.306 in [1][2] to show RAN2 spec impact to support UE capability reporting for R17 UL Tx switching enhancements.
3. Conclusions
In this contribution, we discuss RAN2 UE capability reporting and RRC configuration to support R17 UL Tx switching according to RAN4 LS, and give the following observation and proposals: 
Proposal 1: A UE supporting R17 UL Tx switching enhancement reports the corresponding UE capability in the UL Tx switching specific BC list (i.e. BandCombinationList-UplinkTxSwitch).
Proposal 2: For R17 2Tx-2Tx switching between two uplink carriers for SUL and UL CA, introduce R17 ULTxSwitchingBandPair like UE capability to report Switching Period and DL interruption in the UL Tx switching BC list, where UE should report 2T+2T capabilities in UL feature sets for the given BC.
Proposal 3: For R17 UL Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA, the UE should report corresponding CA bandwidth class and UL featureSetPerCCs for 2 continuous CCs on band B in the legacy way, in addition
· For 1Tx-2Tx switching, reuse R16 ULTxSwitchingBandPair UE capability to report switching period and DL interruption.
· For 2Tx-2Tx switching, use the R17 ULTxSwitchingBandPair like UE capability to report switching period and DL interruption introduced for 2Tx-2Tx switching between 1 carrier on band A and 1 or 2 carriers on band B.
· On band B, the fallback capability from 2 CCs to 1 CC can be supported in the legacy way.

Proposal 4: On how to design RRC configuration, RAN2 to wait for more RAN1 progress. 
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