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1.  Introduction
[bookmark: _Hlk65161006]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
In this contribution, we discuss how to capture related UE capability reporting and RRC configuration in RAN2 specification based on RAN4 LS R4-2103234/ R4-2107847.
2. Discussion
In last RAN2 meeting, the following agreement was achieved on general signalling framework.
	· For Rel-17 UL Tx switching enhancements, RAN2 to use the UE capability reporting signalling framework of R16 1Tx-2Tx UL Tx switching as baseline and assume the R17 UE capability should be reported in the UL Tx switching specific BC list introduced in R16 (i.e. BandCombinationList-UplinkTxSwitch) unless issue is found later.



Meanwhile, some detailed signalling have been identified and summarized as below:
 Open Issues [AT114-e][031] identified the following (no attempt to formally agree):
For UE capability reporting including per band-pair per-BC capabilities (i.e. the length of UL switching period and DL interruption applicability) reported for SUL or inter-band UL CA, and per BC capability of UL switching option (i.e. switchedUL, dualUL) reported for inter-band UL CA, 
· If R17 signalling for 2Tx-2Tx switching is needed. If so, whether the value indicated by a UE can be different from the one indicated for 1Tx-2Tx switching. In addition, for switching option in case a UE indicates support of R17 switching, if the UE also shall indicate the support of the same option for R16 switching.
· Under 1Tx-2Tx switching or 2Tx-2Tx switching, if separate signalling for the cases with 2CCs@Band B and 1CC@Band B is needed. If so, whether the values indicated by a UE can be different.
· If the fallback capability from 2CCs to 1CCs on band B is supported.
For RRC configuration: 
· If the R17 signalling needs to be introduced to configure R17 UL Tx switching (i.e. for 2Tx-2Tx switching, or for the case with 2CCs@Band B).

In this contribution, we try to address the above open issues based on the latest RAN4/RAN1 progress.
2.1 UE capability reporting
To be specific, the R17 Uplink Tx switching enhancements cover the following scenarios:
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 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
For the second listed scenario, compared to Rel-16 UL Tx switching where only 1 CC on band B, the main point is there are 2 contiguous aggregated carries on band B, and this is supported for 1Tx-2Tx and 2Tx-2Tx switching. The below table illustrates the detailed scenarios.
Table 1 UL Tx switching scenarios in Rel-16 and Rel-17
	Scenario 0
	R16 1T-2T switching
	1 CC on band A, 1 CC on band B

	Scenario 1
	R17 1T-2T switching
	1 CC on band A, 2 CCs on band B

	Scenario 2
	R17 2T-2T switching
	1 CC on band A, 1 CC on band B

	Scenario 3
	R17 2T-2T switching
	1 CC on band A, 2 CCs on band B



For simplicity, we first consider the scenario 2 where 2Tx-2Tx switching between 2 uplinks on band A and band B.
As discussed, there are two UE capabilities to be reported for Rel-17 UL Tx switching requested by RAN4, i.e. UL switching period and DL interruption. 
1. For the DL interruption, RAN4 made clear agreement that there is no different requirement between Rel-17 and Rel-16 UL Tx switching and no RAN4 spec change would be made for Rel-17 UL Tx switching.
	In RAN4#98e meeting, it was agreed in the WF (R4-2103235) that:
•	There is no need to differentiate the DL interruption applicability between Rel-16 1Tx-2Tx switching and Rel-17 Tx switching scenarios, which means that “DL interruption allowed” specified in existing TS 38.101-1 should also be applied to the Rel-17 Tx switching scenarios including: 
–	2Tx-2Tx switching between carrier 1 and carrier 2 
–	1Tx-2Tx and 2Tx-2Tx switching between band A (carrier 1) and band B (carrier 2+3)



2. For UL switching period, RAN4 agreed the value of switching period reported for Rel-17 2Tx-2Tx switching could be different from the capability reported for Rel-16 1Tx-2Tx switching based on RAN1 LS in R1-2104137. 
	RAN1 Question: For UL Tx switching in a band pair of a band combination, whether or not the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.
RAN4 answer:  
For UL Tx switching in a band pair of a band combination, the set of candidate switching time for 2Tx-2Tx switching is the same as that for 1Tx-2Tx switching, i.e., the same set of {35us, 140us, 210us}. 
The exact reported value of switching time for a band pair of a band combination can be different for 2Tx-2Tx switching and 1Tx-2Tx switching.
Meanwhile, for UE supporting 2Tx-2Tx switching, it means that the UE supports 1Tx-2Tx as well. In the case that UE only reports the capability for 2Tx-2Tx switching, the same switching time can also be applied to 1Tx-2Tx switching.


 
Based on the above, from RAN2 perspective the Rel-17 UE capability of 2Tx-2Tx switching period should be introduced to enable UE to report different value from Rel-16 switching time. But for DL interruption, the applicability of DL interruption in Rel-17 UL Tx switching is the same as that in Rel-16, so the UE only needs to report one capability for both of 1Tx-2Tx and 2Tx-2Tx switching. 
Proposal 1: To introduce Rel-17 UE capability of UL switching period for 2Tx-2Tx switching. A UE can report different values for 1Tx-2Tx and 2Tx-2Tx switching.

Proposal 2: No need to introduce Rel-17 UE capability of DL interruption for 2Tx-2Tx switching. The Rel-16 UE capability for 1Tx-2Tx switching applies to 2Tx-2Tx switching as well. 
Another thing to be noted is that RAN4 also agree that if a UE supports 2Tx-2Tx switching it also supports 1Tx-2Tx switching. Technically it makes sense considering the Rel-17 2Tx-2Tx switching is the enhancement of the Rel-16 1Tx-2Tx switching. Then from UE capability reporting point of view, it should also consider inter-operability between UE supporting Rel-17/Rel-16 UL Tx switching and NW supporting Rel-17/Rel-16 UL Tx switching. In Rel-16, a UE will only report the UE capability of UL Tx switching in supportedBandCombinationList-UplinkTxSwitch based on network request via filter uplinkTxSwitchRequest-r16. In Rel-17, from network side the existing filter should be used to request the UL Tx switching capability including both of Rel-16 and Rel-17 UL switching capabilities. From UE side, the UE only supporting Rel-16 switching handles the filter as in legacy, while for the UE supporting Rel-17 switching (means also supporting Rel-16 switching) reports the Rel-17 UE capability, and also reports the Rel-16 UE capability as the filter may be from Rel-16 network which cannot understand the Rel-17 UE capability.
Proposal 3: Rel-16 filter uplinkTxSwitchRequest-r16 is reused to request Rel-17 UL Tx switching UE capability. A UE supporting 2Tx-2Tx switching should report the UE capabilities of 2Tx-2Tx switching and 1Tx-2Tx switching.
To be clear, below shows an example of the TP to TS38.331 implementing P1-3. Note a UE supporting 2Tx-2Tx switching should report the Rel-17 field supportedBandPairListNR-v17xx to indicate NW it supports 2Tx-2Tx switching, and if the period is the same as Rel-16 value, it can make the Rel-16 period field as absent.
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
}

BandCombination-UplinkTxSwitch-v1640 ::=    SEQUENCE {
    bandCombination-v1640                       BandCombination-v1640              OPTIONAL
}
[bookmark: _GoBack]
BandCombination-UplinkTxSwitch-v17xx ::=    SEQUENCE {
    supportedBandPairListNR-v17xx         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-v17xx             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-v17xx ::=       SEQUENCE {
uplinkTxSwitchingPeriod2T2T-r17         ENUMERATED {n35us, n140us, n210us}  OPTIONAL,
...
}

Regarding the switching option in case of inter-band CA, our interpretation on RAN4 agreement that UE supporting 2Tx-2Tx switching also supports 1Tx-2Tx switching is actually the same switching option is supported for both switching, considering the switching mechanisms of option1 and option2 are different, it is not reasonable that UE supports option1 for 1Tx-2Tx switching but only supports option2 for 2Tx-2Tx switching or vice versa.
Proposal 4: No need to introduce Rel-17 UE capability of UL CA switching option for 2Tx-2Tx switching. The Rel-16 UE capability for 1Tx-2Tx switching applies to 2Tx-2Tx switching as well.

Then for the scenario 1&3 where 1CC@band A and 2CCs@band B, there were no explicit discussion in RAN1 and RAN4. But our technical view is the RAN1 mechanism and RAN4 requirement for scenario 1 is the same as that for scenario 0 defined in Rel-16. And the same situation is for Rel-17 2Tx-2Tx switching. So from RAN2 signalling point of view, there is no need to introduce new capability in order to differentiate 2CCs@band B or 1CC@band B, apart from the existing CA bandwidth class and UL featureSetPerCC.
Proposal 5: 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. No new UE capability is needed specific to the case with 2CCs on band B.
In addition, our understanding is that the fallback capability from 2CCs to 1CC can be supported in the legacy way, which means the UE supporting Rel-17 switching with 2CCs on band B can only report one feature set combination with 2 UL featureSetPerCCs for 2 continuous CCs on band B if no different fallback. The NW can understand the fallback capability even though it only support Rel-16 switching with 1CC@bandA and 1CC@bandB. However, we also would like to check if there is different implementation.
Proposal 6: 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 specification do not use this RRC configuration while RAN4 specifications use the terminologies of carrier1 and carrier2 with different meaning, i.e. carrier2 is the carrier capable of 2Tx transmission but not a RRC configuration. In Rel-17, if it is not requested by RAN1/RAN4 to introduce carrier1/2/3 configuration via RRC message, we prefer not to configure carrier role to avoid useless signalling and misalignment between RAN2 and RAN1/4 specification on the terminology.
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 of period location is needed for SUL and UL CA case, and the option1/option2 is need to be configured via RRC message for UL CA as well. 
From RAN2 signalling point of view, there are two options to enable the RRC configuration for Rel-17 cases.
Option1: reuse Rel-16 RRC configuration.
Option2: introduce Rel-17 RRC configuration.
For option1, if NW wants to configure 2Tx-2Tx switching, it will configure 2 port transmission for both band A and band B, then the existing RRC field uplinkTxSwitching-r16 can be used to indicate the UE to perform corresponding switching mechanism defined in RAN1 spec. The only issue might be how to configure carrier role by uplinkTxSwitchingCarrier which is a mandatory field. One straightforward way could be UE just ignore this field considering it is not used by PHY or other layers anyway.
For option2, if NW wants to configure 2Tx-2Tx switching, it will send a Rel-17 field to the UE. In this case, we think the carrier role is not needed since it is not defined in both RAN1 and RAN4, and also for better future proof.
Obeservation2: From RAN2 signalling of view, reuse Rel-16 RRC configuration or introduce Rel-17 new signalling can serve Rel-17 UL Tx switching.
However, since RAN1 is still discussing UL CA option2, RAN2 can wait for RAN1 further input in case RAN1 decides to introduce new RRC configurations for option2.
Proposal 7: RAN2 to wait for RAN1 further input on RRC configuration for Rel-17 UL Tx switching.
The draft CRs to TS 38.331 and TS 38.306 are provided in [1] [2] to show the explicit spec change to implement P1-P6.
3. Conclusions
In this contribution, we discuss the UE capability reporting and RRC configuration based on RAN4/RAN1 progress. The following observation and proposals are provided.
Observation1: The R16 RRC configuration of uplinkTxSwitchingCarrier is not referred by RAN1/RAN4 specification, i.e. not used by UE.
Obeservation2: From RAN2 signalling of view, reuse Rel-16 RRC configuration or introduce Rel-17 new signalling can serve Rel-17 UL Tx switching.
Proposal 1: To introduce Rel-17 UE capability of UL switching period for 2Tx-2Tx switching. A UE can report different values for 1Tx-2Tx and 2Tx-2Tx switching.
Proposal 2: No need to introduce Rel-17 UE capability of DL interruption for 2Tx-2Tx switching. The Rel-16 UE capability for 1Tx-2Tx switching applies to 2Tx-2Tx switching as well.
Proposal 3: Rel-16 filter uplinkTxSwitchRequest-r16 is reused to request Rel-17 UL Tx switching UE capability. A UE supporting 2Tx-2Tx switching should report the UE capabilities of 2Tx-2Tx switching and 1Tx-2Tx switching.
Proposal 4: No need to introduce Rel-17 UE capability of UL CA switching option for 2Tx-2Tx switching. The Rel-16 UE capability for 1Tx-2Tx switching applies to 2Tx-2Tx switching as well.
Proposal 5: 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. No new UE capability is needed specific to the case with 2CCs on band B.
Proposal 6: On band B, the fallback capability from 2 CCs to 1 CC can be supported in the legacy way.
Proposal 7: RAN2 to wait for RAN1 further input on RRC configuration for Rel-17 UL Tx switching.
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