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In RAN1#106bis-e, discussions regarding enhancements for UL Tx switching have achieved the agreement as cited below [1]:
	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.



Discussion
Discussion the mechanism for uplink Tx switching between Band A and Band B
In RAN1#106-e, the following agreement is achieved [2].
	Agreements:
For SUL and UL CA option 1, if 1Tx-2Tx UL Tx switching or 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured, the switching period is only applicable when the UL transmissions are switched between band A and 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 1: Adopt the TP in Appendix A.1 for the uplink switching between two bands for SUL. 
Proposal 2: Adopt the TP in Appendix A.2 for the uplink switching between two bands for UL CA option 1.
Differentiation between 1Tx-2Tx switching and 2Tx-2Tx 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. In RAN1#106bis-e, it was discussed whether to use existing RRC parameter or introduce a new RRC parameter to differentiate 1Tx-2Tx switching and 2Tx-2Tx switching. Two options have been summarized [1].
	Option 1:
· 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 all 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.
· If any of the above SRS resources is configured with usage “noncodebook”, then the max number of 2 antenna ports are counted for the SRS resources during the determination of operation mode.
· FFS how to determine the number of antenna ports for SRS resources.
Option 2: 
· For a UE configured with UL Tx switching via uplinkTxSwitching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· Note 1: gNB would not configure 1Tx-2Tx mode where the assumed 1Tx CC is also configured with non-codebook based MIMO.
· Note 2: The new RRC configuration would not conflict with other active RRC configurations on Tx states. 
· Note 3: This RRC parameter is used to differentiate the table (mapping between UL transmission ports and Tx chain) and switching delay for 1Tx-2Tx vs 2Tx-2Tx for UE, and it doesn’t imply any restriction on application of non-codebook transmission together with UL Tx switching.



For codebook transmission, as discussed in Rel-16 UL Tx switching, among four NR PHY channels, only PUSCH and SRS transmissions can have two ports. And, 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. 
If any of the above SRS resources is configured with usage “non-codebook”, then 2 antenna ports are counted for the SRS resource during the determination of operation mode. Because, in R17 Tx switching, the max number of antenna ports for SRS resources is 2. It is up to UE to determine the state of Tx chains (either any 1Tx or 2Tx) for transmitting a non-codebook transmission. Thus, gNB should consider the worst case, i.e. two Tx chains when it prepares a sufficient gap according to the 2Tx operation mode. In addition, it is clear that a gNB will not configure non-codebook/codebook on the first carrier to a UE if the gNB only supports 1Tx-2Tx. Therefore, it is not true that Option 1 always assumes 2Tx-2Tx operation for this case. The counting of maximum number of antenna ports has no impact on the effective non-codebook operation, but only on the determination of operation mode which is used to determine the proper gap that a UE needs. So, once SRS resources is configured with usage “noncodebook”, the UE can assume that 2 antenna ports are counted for the SRS resource during the determination of operation mode. 
For Option 2, a new RRC parameter can conflict with existing RRC parameters, a clarification like Option 1 is inevitable. It is unclear in Note2 of Option 2 that what active RRC configuration is involved and how to determine a conflict. From this perspective, Option 2 requires a consensus on Option 1 first. For example, Option 2 would have these specification impacts “The UE is not expected to be configured with switch time of 1Tx-2Tx, when the max number of antenna ports for SRS resources is 2.” This redundant RRC parameter only increases signaling overhead and possible conflicts. Therefore, Option 2 is far from good enough.


Figure 1 An example for Option 1 and Option 2 when SP-SRS is activated
In addition, Option 1 can provide some flexibility to save resources in some cases. For example, in Figure 1, if the MAC-CE activates the 2-port SP-SRS, 
before T1, the maximum number of port on Carrier#1 is 1-port, thus 1Tx-2Tx mode is assumed based on Option 1 and the UE can use shorter switching time;
after T1, the maximum number of port on Carrier#2 is 2-port, thus 2Tx-2Tx mode is assumed based on Option 1 and the UE should use longer switching time.
If the DCI is received before T1 and the scheduled PUSCH is after T1, then the SP-SRS must be transmitted before T0-Toffset, according to the following specification excerpt of TS 38.214. 
	If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].



Thus, the UE have enough time to prepare data and switch the Tx. Because the gNB knows the transmission time of 2 port SP-SRS, the gNB can use the switch time of 2Tx-2Tx to schedule the PUSCH after T1, even if the DCI is before T1. Thus, base on Option 1, gNB can allow UE use shorter switching time to save time-frequency resources before T1. 
However, Option 2 would cause problem in this scenario. If the new RRC parameter indicates the 1Tx-2Tx, the UE cannot work after T1 due to the conflicting RRC indication. If the new RRC parameter indicates the 2Tx-2Tx, this method is no different from directly predefining to use the longest switching time.  
Proposal 3: To differentiate 1Tx-2Tx switching and 2Tx-2Tx switching, Option 1 is supported.

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: Adopt the TP in Appendix A.1 for the uplink switching between two bands for SUL. 
Proposal 2: Adopt the TP in Appendix A.2 for the uplink switching between two bands for UL CA option 1.
Proposal 3: To differentiate 1Tx-2Tx switching and 2Tx-2Tx switching, Option 1 is supported.
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Appendix
A.1. 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.2. 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 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>
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