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In RAN1#105-e, discussions regarding enhancements for UL Tx switching have achieved some agreements as cited below [1]. In [2], RAN4 reply LS on Rel-17 Tx switching.
	Agreements:
· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
Agreement:
· 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.
Agreement:
· 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 a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.
· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.



Discussion
Discussion the mechanism of 2Tx-2Tx uplink switching between two carriers
In RAN1#104bis-e, the following agreement is achieved [3].
	Agreements:
· For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P 

	Case 3
	2T+0T
	2P+0P, 1P+0P






Based on the mapping between UL transmission ports and Tx chain for UL CA Option 2, there are some issues. For example, when UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 2-port transmission on another uplink carrier. In this scenario, the UE can switch 1 or 2 Tx to transmit this 1-port transmission. Thus, the state of Tx chains after Tx switching is not unique. And in Rel-16, the UE only switch 1 TX because the current carrier only supports 1 TX. But in Rel-17, this is a problem because both carriers support 2 TX.
To solve this problem, we can consider some other information about carrier 1 and carrier 2. For example, if uplinkTxSwitchingPeriodLocation of carrier 2 is true, carrier 1 is more important than carrier 2 from our view. Thus we can use the following rule to allow carrier 1 to have as many Tx as possible to guarantee the performance of carrier 1. 
When UE is transmit a 1-port transmission on carrier 1 and if UE was case 2 in the preceding uplink transmission, UE can switch 2 Tx to transmit this 1-port transmission. Thus UE has as many Tx as possible in carrier 1.
When UE is transmit a 1-port transmission on carrier 2 and if UE was case 3 in the preceding uplink transmission, UE can switch 1 Tx to transmit this 1-port transmission. Thus UE has 1 Tx in carrier 1 to guarantee the performance of carrier 1.
Proposal 1: If the state of Tx chains after UL Tx switching is not unique, the state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the one carrier with uplinkTxSwitchingPeriodLocation configured as false.
In RAN1#105-e, for a UE configured with UL CA and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching is achieved [1]. For UL CA option 1, we only need to add the uplink switching between case 2 and case 3. However, regardless of whether the UE is configured with UL CA option 1 or option 2, the switching period is required, 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. So, considering CA Option 2, we can Adopt the TP in Appendix A.1 for the uplink switching between two carriers for UL CA option 1.
In order to minimize spec impact, it is preferred to reuse existing RRC parameters. Since there is no new branch of UE behaviors that requires new RRC parameters to distinguish itself from the other new branch of UE behavior, we don't have to add new RRC parameters immediately. Once they are deemed necessary, it is not late to introduce them. 
Proposal 2: Adopt the TP in Appendix A.1 for the uplink switching between two carriers for UL CA option 1. 
· Note: whether new UE capability “BandCombination-UplinkTxSwitch-R17” will be introduced is up to RAN2. 
· FFS potential new RRC parameters.
Discussion the mechanism for uplink Tx switching between Band A and Band B
Although the Tx switching between two bands involves three carriers, the contiguous CCs in band B can be considered as a single CC for the purpose of UL Tx switching, because in the RAN1 conclusion [3], if  1Tx is on Band B, 1Tx is available simultaneously on both uplink carriers on band B for a UE, and if 2Tx is on Band B, 2Tx are available simultaneously on both uplink carriers on band B for a UE. It means the presence of transmission occasion on any carrier of Band B has the same impact on whether to trigger an uplink switching. 
Proposal 3: For inter-band UL-CA and SUL, for Rel-17 1Tx-2Tx/2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the contiguous uplink carriers on a band B should be considered as a single uplink carrier for the purpose of UL Tx switching, i.e. 
· with respect to the determination of uplink switching triggering, the presence of transmission occasion on any one uplink carrier on Band B is equivalent to the presence of transmission occasion on any other uplink carrier(s) on Band B.	  
In Rel-17, for SUL and UL CA option 1 scenario, if the uplink transmission and preceding uplink transmission are on the two carriers of Band B, no uplink switching is triggered, while the uplink switching is triggered if the uplink transmission and preceding uplink transmission are on the two carriers of different bands. 
Proposal 4: Adopt the TP in Appendix A.2 for the uplink switching between two bands for SUL. 
Proposal 5: Adopt the TP in Appendix A.3 for the uplink switching between two bands for UL CA option 1.
Operation with downgraded MIMO setting and/or CA setting
One difference between Rel-16 and Rel-17 is the max number of transmission ports of carrier 1. In [2], RAN4 reply LS on Rel-17 Tx switching, which contains the following reply. 
	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 can consider 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.



It mentions that “Meanwhile, for UE supporting 2Tx-2Tx switching, it can consider that the UE supports 1Tx-2Tx as well”. So, if UE support 2Tx-2Tx UL Tx switching, the UE can be configured and operated with downgraded MIMO setting of 1Tx-2Tx for UL Tx switching. 
Another difference between Rel-16 and Rel-17 is the number of carriers. In Rel-16, the UL Tx switching is between two carriers of different bands. In Rel-17, the UL Tx switching is between 1 carrier on band A and 2 contiguous carriers on band B. As usual, if UE support 2 contiguous carriers on one band, the UE can be configured and operated with one carrier on this band. So, if UE support UL Tx switching with two contiguous carriers on Band B, the UE can be configured and operated with one carrier on Band B as a downgraded UL Tx switching.
Proposal 6: Confirm the following,
· If UE support UL Tx switching with two contiguous carriers on Band B, the UE can be configured and operated with one carrier on Band B as a downgraded UL Tx switching. 
For a UE capable of both 1Tx-2Tx and 2Tx-2Tx UL Tx switching, the UE can be configured with two operation modes, either 1Tx-2Tx or 2Tx-2Tx UL Tx switching, where different switching time can cause different UL interruption time and preparation time. Thus, it is necessary to differentiate them with the existing RRC configurations. As discussed in Rel-16 UL Tx switching, among four NR PHY channels, only PUSCH and SRS transmissions can have two ports. Additionally, the number of ports for PUSCH is the same as the number of ports of associated SRS resources. Therefore, the number of ports of configured SRS resources on an uplink completely determines the maximum Tx chain required on the uplink, which can also easily differentiate 2Tx-2Tx from 1Tx-2Tx. Meanwhile, in RAN4 reply [2], it mentions that “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”. So we propose,
Proposal 7: For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· 2Tx-2Tx switching mode: when the maximum number is 2 for both uplinks configured with uplinkTxSwitching
· 1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· Note: If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.

Conclusion
In this contribution, analysis of the issues of introducing UL Tx switching for Rel-17 are provided. The following proposals are given:
Proposal 1: If the state of Tx chains after UL Tx switching is not unique, the state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the one carrier with uplinkTxSwitchingPeriodLocation configured as false.
Proposal 2: Adopt the TP in Appendix A.1 for the uplink switching between two carriers for UL CA option 1. 
· Note: whether new UE capability “BandCombination-UplinkTxSwitch-R17” will be introduced is up to RAN2. 
· FFS potential new RRC parameters.
[bookmark: _GoBack]Proposal 3: For inter-band UL-CA and SUL, for Rel-17 1Tx-2Tx/2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the contiguous uplink carriers on a band B should be considered as a single uplink carrier for the purpose of UL Tx switching, i.e. 
· with respect to the determination of uplink switching triggering, the presence of transmission occasion on any one uplink of the contiguous intra-band CA is equivalent to the presence of transmission occasion on any other uplink(s) of the contiguous intra-band CA.	    
Proposal 4: Adopt the TP in Appendix A.2 for the uplink switching between two bands for SUL. 
Proposal 5: Adopt the TP in Appendix A.3 for the uplink switching between two bands for UL CA option 1.
Proposal 6: Confirm the following,
· If UE support UL Tx switching with two contiguous carriers on Band B, the UE can be configured and operated with only one carrier on Band B as a downgraded UL Tx switching. 
Proposal 7: For a UE configured with UL Tx switching via uplinkTxSwitching, the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources is used to determine the operation mode, i.e. either 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· 2Tx-2Tx switching mode: when the maximum number is 2 for both uplinks configured with uplinkTxSwitching
· 1Tx-2Tx switching mode: when the maximum number is 1 for any one uplink configured with uplinkTxSwitching
· the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode
· Note: If the switching time capability value for 1Tx-2Tx switching mode is not reported by the UE, the value reported for 2Tx-2Tx switching mode is applied.
References
R1-2106150, “[105-e-NR-R17-TxSwitching-01] Summary of email discussion on Rel-17 uplink Tx switching”, Moderator (China Telecom), 3GPP RAN1 #105-e, May 10th – 27th, 2021.
R1-2106422, “Reply LS on Rel-17 uplink Tx switching”, RAN4, 3GPP RAN1#106-e e-Meeting, August 16th – 27th, 2021.
R1-2103782, “[104b-e-NR-R17-TxSwitching-01] Summary of email discussion on Rel-17 uplink Tx switching”, Moderator (China Telecom), 3GPP RAN1 #104bis-e, April 12th – 20th, 2021.

Appendix
A.1. TP for the uplink switching for carrier aggregation in 38.214 clause 6.1.6.2
	<Unchanged parts are omitted – 38.214>
6.1.6.2	Uplink switching for carrier aggregation
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch [or BandCombination-UplinkTxSwitch-R17]  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.
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was 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 '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.
<Unchanged parts are omitted – 38.214>


A.2. TP for the uplink switching for supplementary uplink in 38.214 clause 6.1.6.3
	<Unchanged parts are omitted – 38.214>
6.1.6.2	Uplink switching for supplementary uplink
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 in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching,
[bookmark: _Hlk42187124]-	If the UE is to transmit any uplink channel or signal on a different uplink on a different band from the preceding transmission occasion based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap , where  is the start time of the first symbol of the transmission occasion of the uplink channel or signal and  is the preparation procedure time of the transmission occasion of the uplink channel or signal given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213], respectively. During the switching gap , the UE is not expected to transmit on any of the two uplinks.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
<Unchanged parts are omitted – 38.214>



A.3. TP for the uplink switching for carrier aggregation in 38.214 clause 6.1.6.2
	<Unchanged parts are omitted – 38.214>
6.1.6.2	Uplink switching for carrier aggregation
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch [or BandCombination-UplinkTxSwitch-R17] 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 on one band and if the preceding uplink transmission is a 1-port transmission on another uplink carrier on another band, 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 on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band, 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 on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band, 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 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 2-port transmission on another uplink carrier on another band, 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 on one band, and any transmission on another uplink carrier on another band.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
<Unchanged parts are omitted – 38.214>



