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Introduction
In Rel-16, there was a work item for the support of UL Tx switching between two different NR carriers, i.e., the support of UL Tx switching between case 1 and case 2 [1]. By the great efforts of RAN1 and RAN4, Rel-16 specification supports the UL Tx switching between two different carriers for three scenarios: EN-DC, NR CA and SUL. On the basis of Rel-16 functionality, a Rel-17 package for further enhancement of UL Tx switching was approved in RAN#90e [2]. In RAN1#105-e/106-e meetings, some pertinent agreements were made as below [3][4]:
	Agreement:
· 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 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.
Agreement
For inter-band UL CA, if 1Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured 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 1 Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on at least one carrier on band B.
· If the current state of Tx chains is 0 Tx on band A and 2Tx on band B, the next UL transmission has a 1-port transmission on the carrier on band A.
· For other cases, the state of Tx chains of last UL transmission is assumed.
Agreement
For inter-band UL CA, if 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B 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 band A and 1Tx on band B, the next UL transmission has a 2-port transmission on the carrier on band A or at least one carrier on band B.
· If the current state of Tx chains is 0Tx on band A and 2Tx on band B, the next UL transmission has a 1-port or 2-port transmission on the carrier on band A.
· If the current state of Tx chains is 2Tx on band A and 0Tx on band B, the next UL transmission has a 1-port or 2-port transmission on at least one carrier on band B.
· For other cases, the state of Tx chains of last UL transmission is assumed. 



In this contribution, we continue to discuss RAN1 impacts of Rel-17 Tx switching enhancement and provide ours views on the corresponding designs.
Discussion
Determination of Tx chain state 
In Rel-16 UL Tx switching, the state of Tx chains is determined implicitly, without any explicit rules or signaling. The rationale of the implicit determination is the limited configurations of Tx ports for Rel-16 scenarios. However, for Rel-17 UL Tx switching enhancement, the situation is much more complicated since there is a large number of potential configurations. In the FL summary [5], some examples were used to show the ambiguity issue:
· If the current state of Tx chains is 0T+2T and the next UL transmission is 1-port transmission on carrier 1, since 1P+0P can be mapped to either 1T+1T or 2T+0T, then what’s the state of Tx chains after Tx switching? 
· If the current state of Tx chains is 2T+0T and the next UL transmission is 1-port transmission on carrier 2, since 0P+1P can be mapped to either 1T+1T or 0T+2T, then what’s the state of Tx chains after Tx switching?
The main reason of the ambiguity issue is the change of the numbers of antenna port for UL transmission triggered by dynamic scheduling. In RAN1#106-e meetings, three options as below were identified and discussed, but no consensus was achieved on the down-selection.
	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.
· 


In fact, all the three options are workable for Rel-17 UL Tx switching operations. However, each option has its own constrains and benefits.
· Option 1: Whether the carrier is configured with uplinkTxSwitchingPeriodLocation as true or false is usually depending on the available UL resources, rather than on the importance of the carrier(s). Thus, there is not strong technical motivation to couple the Tx state determination with the configuration of uplinkTxSwitchingPeriodLocation. 
· Option 2: It is the simple solution for both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B. Let’s have an example: If 2-port PUSCH is configured in carrier X (or band X), no matter the UL transmission is 1-port or 2-port, the state of Tx chain is 2 Tx in carrier X (or band X).  For a UE can support 2Tx-2Tx, gNB usually prefers to boost the data rate via utilizing the maximum capability of UE. Thus, gNB is likely to continue transmit 2-port PUSCH in this carrier/band, or switch back to anther carrier/band to transmit 2-port PUSCH. Thus, Option 2 is the most efficient in most typical cases. 
· Option 3: It is beneficial the case where gNB schedules UE with 1-port transmission switching between two carriers/bands. It should not be the typical case for a UE supporting 2Tx-2Tx UL Tx switching.
Based on the above discussion, we prefer Option 2 to address the ambiguity issue on Tx chain states.
Proposal 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 the state of Tx chains supporting 2Tx transmission on the carrier is assumed.       

Due to the new introduced Tx architectures, the UL Tx switching operations become very complicated and it is beneficial to differentiate different types of operation modes, e.g., 1Tx-2Tx switching mode or 2Tx-2Tx switching mode. In RAN1#106-e meeting, it was agreed to down-select one of the following two options:
	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 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.



From the technical point of view, both options can differentiate 1Tx-2Tx switching mode and 2Tx-2Tx switching mode. However, Option 1 is more complicated compared to Option 2. That is to say, Option 1 may lead to more implementation complexity for UE. Moreover, Option 1 will make the specification obscure and not friendly to the readers. There might be some concern on the introduction of new RRC parameter in Option 2. The additional signaling overhead of one RRC parameter is neglectable. Meanwhile, the official discussion of R17 RRC parameter list will start in this meeting. Thus, it is not late to introduce any new RRC parameter. In summary, we propose to support Option 2 for a simple design and readable specification.    
Proposal 2: For the differentiation 1Tx-2Tx switching mode or 2Tx-2Tx switching mode, Rel-17 support Option 2, i.e.,
·   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     

There was a continuation of the discussion on the support of 1-port PUSCH transmission via DCI format. This issue was firstly discussed in Rel-16 and now was continued in Rel-17. We have spent a great effort on this issue but without any progress. Considering we are approaching the completion of Rel-17, we should save our time and focus on the completion of other more important issues. Thus, we suggest to stop further discussion, or make a simple conclusion that there will be no further spec enhancement.
 Proposal 3: For Rel-17 Tx switching, regarding the support of 1-port transmission via DCI format 0_1, we suggest to adopt one of the following alternatives: 
· Alt.1: No further discussion in Rel-17
· Alt.2: Make a simple conclusion as below
· For Rel-17 Tx switching, no additional specification enhancement to support 1-port transmission via DCI format 0_1

Conclusion
In this contribution, we discuss Rel-17 UL Tx switching enhancement. Based on the discussion, we have the following proposals:  
Proposal 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 the state of Tx chains supporting 2Tx transmission on the carrier is assumed.       
Proposal 2: For the differentiation 1Tx-2Tx switching mode or 2Tx-2Tx switching mode, Rel-17 support Option 2, i.e.,
·   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     
[bookmark: _GoBack]Proposal 3: For Rel-17 Tx switching, regarding the support of 1-port transmission via DCI format 0_1, we suggest to adopt one of the following alternatives: 
· Alt.1: No further discussion in Rel-17
· Alt.2:   Make a simple conclusion as below
· For Rel-17 Tx switching, no additional specification enhancement to support 1-port transmission via DCI format 0_1
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