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In RAN1#108-e, discussions regarding Rel-17 UE features for UL Tx switching been made as summarized in [1]. In this contribution, our view on Rel-17 UE features for UL Tx switching are provided.
Discussion
Based on RAN1 discussions on Rel-17 Tx switching, Rel-16 UE behaviors are fully reused to Rel-17. For example, for UL CA Option 1, the mechanism of Rel-16 uplink switching specified in S6.1.6.2 of TS 38.214 is reused, with the additional clarification that a switching between two carriers also covers the case of 2-port transmission to 2-port transmission in addition to the existing cases of 2-port to 1-port and 1-port to 2-port transmissions [2], as shown by the following agreement.
	Agreements:
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.
· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.



	1. [bookmark: _Toc45810629][bookmark: _Toc75165372]6.1.6.2	Uplink switching for carrier aggregation
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination configured with uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier, then the UE is not expected to  transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.


Compared with the existing UE behaviors as highlighted above, the new add-on in the agreement is obviously a simple clarification for UL-CA Option 1, which causes no unrealistic UE implementation issue. Therefore, we don’t see a need to have new UE capability for UL-CA Option 1.
For UL CA Option 2, based on the Rel-17 agreement [2] and Rel-16 agreement [3], the only new UE behavior for the additional switching state is a simple clarification on the state ambiguity issue [4]. It does not cause any unrealistic UE implementation, as shown by the following agreements.
Rel-17 [2][4]:
	Agreements:
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured: 
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.
· If the current state of Tx chains is 0Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 1.
· If the current state of Tx chains is 2Tx on carrier 1 and 0Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 2.
· For other cases, the state of Tx chains of last UL transmission is assumed.
· Note: For SUL, UL CA option 1 and UL CA option 2, in RAN1 understanding, no spec change to power configuration and power control.



	Agreement:
· For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.



Rel-16 [3]:
	Agreements:
· For inter-band UL CA, if uplink Tx switching is configured: 
· For option 1 of mapping between UL transmission ports and Tx chain, the switching period is only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1 Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on carrier 2.
· If the current state of Tx chains is 0 Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port transmission on carrier 1.
· For other cases, the state of Tx chains of last UL transmission is assumed. 
· Note: No spec change to power configuration and power control.



Therefore, for UL-CA Option 2, the only difference of UE behavior is also very small, which obviously cause no unrealistic implementation issue. We don't see a need to have new UE capability for UL-CA Option 2. 
Because, in RAN2#116bis-e, the following agreed CR[5] has shown that the “uplinkTxSwitchingPeriod2T2T” is used to indicated whether 2Tx-2Tx switching is supported by UE supporting 1Tx-2Tx switching. There is no need to add signaling to indicate whether UE support R17 UL Tx switching.
	ULTxSwitchingBandPair-v17xx ::=       SEQUENCE {
uplinkTxSwitchingPeriod2T2T-r17         ENUMERATED {n35us, n140us, n210us}  OPTIONAL
}



	supportedBandPairListNR-r16, supportedBandPairListNR-v17xx
Indicates a list of band pair supporting UL Tx switching as defined in TS 38.101-1 [15] for a given band combination. 
A UE supporting 2Tx-2Tx switching should include both of supportedBandPairListNR-r16 and supportedBandPairListNR-v17xx. And the UE shall include the same number of entries listed in the same order as in supportedBandPairListNR-r16.
If the UE does not support 2Tx-2Tx switching for a given band pair, the field of uplinkTxSwitchingPeriod2T2T in the corresponding entry is absent.



There is existing FG 22-1 to indicate Option 1/Option 2 and it is per BC capability since Rel-16, as shown below. 
	Features
	Index
	Feature group
	Components

	22. NR Others
	22-1
	Indicating supported option for UL Tx switching for inter-band UL CA
	Indicating supported option for UL Tx switching for inter-band UL CA
Candidate values set is {option1, option2, both option 1 and option 2}



In RAN1#108-e, new UE capability FG 37-1 is proposed as “Indicating supported option for UL Tx switching for 2Tx-2Tx inter-band UL CA”  [1]. The reasoning seemed to be more flexibility with the potential reduction of workload for implementation and testing. However, such flexibility is not needed in case that a UE reports Rel-16 UL CA option1 and also reports the new Rel-17 UE capability defined in RAN2 for 2Tx-2Tx switching.
	37. NR_RF_FR1_enh
	37-1
	Indicating supported option for UL Tx switching for 2Tx-2Tx inter-band UL CA
	Indicating supported option for 2Tx-2Tx UL Tx switching for inter-band UL CA
· Candidate values set is {option1, option2, both option 1 and option 2}
	22-1
	Yes
	N/A
	
	Per BC
	N/A
	N/A (FR1 only)
	N/A
	If UE supports Option1 for FG 37-1, the UE also needs to support Option1 for FG 22-1;
If UE supports Option2 for FG 37-1, the UE also needs to support Option2 for FG 22-1;
If UE supports both Option1 and Option2 for FG 37-1, the UE also needs to support both Option1 and Option2 for FG 22-1;
	Optional with capability signalling



Another motivation for FG 37-1 seemed to grant a UE the flexibility to report Option 1 only (or Option 2 only) for 2Tx-2Tx even the UE has reported a support of {both Option 1 and Option 2} for 1Tx-2Tx. However, Rel-17 UL CA Option1 is exact the same as Rel-16 UL CA Option1, which both triggers UL Tx switching only when UL carrier is switched. It’s unreasonable that a UE capable of Rel-16 Option 1 and 2Tx-2Tx cannot support Rel-17 Option 1, which is allowed by the new capability FG 37-1. This would cause unnecessary troubles for gNB only capable of Rel-16 Option 1 and Rel-17 Option 1. Therefore, the new FG37-1 is not justified and unnecessary. 
Observation 1: Since Rel-16 UE behaviors of UL Tx switching is reused with small add-ons for Rel-17, the existing FG 22-1 is sufficient for Rel-17 UL Tx switching while new UE capability FG37-1 is unnecessary.
From UE flexibility perspective, as analyzed above, the existing UE capabilities have provided all potential flexibility for UEs capable of Option 1 only or Option 2 only. Thus, no new UE capability is needed. As for UEs capable of both Option 1 and Option2, because the Rel-17 Option 2 has very small spec impact compared to Rel-16 Option 2, additional reporting flexibility is not justified and thus no new UE capability is needed either. 
Observation 2: Full UE capability flexibility has been supported by the existing agreed UE capabilities at least for UEs capable of UL-CA Option 1 only and UEs capable of UL-CA Option 2 only.
However, for the sake of progress, we are OK for further discussion with the following proposal as a starting point, where changes are only about the UEs capable of both Option 1 and Option 2:
· Specify a new per-BC FG (i.e. support “option 2” for Rel-17 2Tx-2Tx UL Tx switching UL CA when “both option 1 and option 2” is indicated via FG 22-1)
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 1” or “both option 1 and option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 1 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “both option 1 and option 2” via FG 22-1 and indicating the new per-BC FG supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
Proposal: Take the following proposal as a starting point for any discussion on the new UE capability of Rel-17 UL Tx switching:
· Specify a new per-BC FG (i.e. support “option 2” for Rel-17 2Tx-2Tx UL Tx switching UL CA when “both option 1 and option 2” is indicated via FG 22-1)
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 1” or “both option 1 and option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 1 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “both option 1 and option 2” via FG 22-1 and indicating the new per-BC FG supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
Conclusion
In this contribution, analysis of the issues of Rel-17 UE features for UL Tx switching are provided. The following observation is given:
Observation 1: Since Rel-16 UE behaviors of UL Tx switching is reused with small add-ons for Rel-17, the existing FG 22-1 is sufficient for Rel-17 UL Tx switching while new UE capability FG37-1 is unnecessary. 
Observation 2: Full UE capability flexibility has been supported by the existing agreed UE capabilities at least for UEs capable of UL-CA Option 1 only and UEs capable of UL-CA Option 2 only.
Proposal: Take the following proposal as a starting point for any discussion on the new UE capability of Rel-17 UL Tx switching:
· Specify a new per-BC FG (i.e. support “option 2” for Rel-17 2Tx-2Tx UL Tx switching UL CA when “both option 1 and option 2” is indicated via FG 22-1)
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 1” or “both option 1 and option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 1 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “option 2” via FG 22-1 supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
· UE indicating [uplinkTxSwitchingPeriod2T2T-r17 or supportedBandPairListNR-v17xx] and indicating “both option 1 and option 2” via FG 22-1 and indicating the new per-BC FG supports Rel-17 2Tx-2Tx UL Tx switching UL CA Option 2 as well.
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