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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN#106e, following agreements have been reached with the detailed options to be down-selected in RAN#106bis-e.
Agreement
Down select one of the following options in RAN1#106b-e:
· Option 1: 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, then 
· 1Tx on carrier 1 and 1Tx on carrier 2 is assumed if the carrier is configured with uplinkTxSwitchingPeriodLocation as true.
· the state of Tx chains supporting 2Tx transmission is assumed on the carrier if the carrier is configured with uplinkTxSwitchingPeriodLocation as false.
· Option 2: 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, then the state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· Option 3: 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, then 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.
Agreement
Down select one of the following options in RAN1 #106bis-e
· 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 both 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.
In this contribution, we provide our view on the down-selection of the above two issues. 
2. [bookmark: _Ref37170879][bookmark: _Ref53408156]Discussion 
2.1 The UE Tx chain state ambiguity issue for 2Tx-2Tx carrier switching
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 agreed 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


The UE Tx chain state could be ambiguous for the following scenarios
1) Scenario 1: The current UE state is Case 3 (2T+0T) and 1P is scheduled on carrier 2,  then the next UE state is Case 1 or Case 2? (0P+1P is present in both cases as shown in red above)
2) Scenario 2: The current UE state is Case 2 (0T+2T) and 1P is scheduled on carrier 1, then the next UE state is Case 1 or Case 3?  (1P+0P is present in both cases as shown in green above)
For this issue, it was agreed to down-select among following options
· Option 1: 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, then 
· 1Tx on carrier 1 and 1Tx on carrier 2 is assumed if the carrier is configured with uplinkTxSwitchingPeriodLocation as true.
· the state of Tx chains supporting 2Tx transmission is assumed on the carrier if the carrier is configured with uplinkTxSwitchingPeriodLocation as false.
· Option 2: 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, then the state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· Option 3: 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, then 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.
For Option 1, it is assumed that the carrier not configured with switching gap should have more Tx. But in reality, the configuration of switching gap presence does not necessarily coupled with the number of Tx. For example, the uplink switching gap can be configured in carrier 1 when carrier 2 has limited number of UL resource (e.g. due to DL dominant TDD configuration), but this does not mean that 2Tx on carrier 2 is more useful/beneficial than carrier 1. Therefore, to couple the Tx state with the presence of uplink switching gap does not provide meaningful gain in practice but put constraint for gNB when configuring the presence of uplink switching gap between carriers. Therefore, the down-selection should be made between option 2 and 3. 
Either option 2 or option 3 could work. Option 2 could maximum the utilization of UL MIMO (i.e. 2Tx) on one carrier in the slot immediately after the Tx switching, but it would cause additional delay or resource overhead if 1Tx PUSCH or PUCCH is scheduled on the other carrier immediately after the Tx switching (as 0Tx is assumed). Option 3 is more balanced between the two carriers and therefore preferred. 
It could also be considered to allow the RRC configurability between Option 2 and Option3, by a new RRC parameter. The difference from option 1 is that NW does not have to couple the choice between option 2 and option 3 with the configuration of switching period location. 

Proposal 1: For 2Tx-2Tx switching between two uplink carriers and when the UE Tx chain state could be ambiguous, either of the following options can be supported
· Option 3: 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, then 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.
· Option 4 (New option), 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
2.2 Determination of 1Tx-2Tx or 2Tx-2Tx switching modes
In [1], it was discussed how to determine the 1Tx-2Tx or 2Tx-2Tx switching modes if a UE supports both. Since the switching time capability between the two switching modes could be different therefore ambiguity would exist if there is no common understanding between NW and UE on the switching mode determination. Down-selection are to be made between the following two options, as agreed in RAN#106e.
· 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 both 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.
Between the two options, the key controversy is how to count the UE Tx state (i.e. 1Tx or 2Tx) when an SRS resource with usage “non-codebook” is configured for a carrier. It is understood that for non-codebook based UL transmission, it is up to UE implementation to use either 1Tx or 2Tx. We think such UE implementation flexibility should be maintained in the UL Tx switching feature, which is allowed by Option1, since the worst case is assumed by gNB. In Option 2, the UE implementation (1Tx or 2Tx) for non-codebook based UL transmission is controlled by the NW, which is different from the case without UL Tx switching, therefore not desirable. 
Therefore, we think option 1 should be supported. Regarding the “FFS how to determine the number of antenna ports for SRS resources.”, our understanding is that 2 antenna ports are assumed only for the purpose of determining UE Tx switching mode, it does not affect the UE implementation on using 1Tx or 2Tx for the real transmission. Therefore the FFS bullet can be removed. 
Proposal 2: 
· 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 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.

3. Conclusion
In this contribution, we discuss the remaining RAN1 issues to support the Rel-17 enhanced UL Tx switching. 
Proposal 1: For 2Tx-2Tx switching between two uplink carriers and when the UE Tx chain state could be ambiguous, either of the following options can be supported
· Option 3: 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, then 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.
· Option 4 (New option), 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
Proposal 2: 
· 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 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.
· [bookmark: _GoBack]FFS how to determine the number of antenna ports for SRS resources.
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