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1. Introduction
During last RAN1 meeting, the baseline and issues on the complexity reduction schemes of the dynamic switching mechanisms for Rel-18 multi-carrier UL Tx switching were discussed, and it was identified to support dynamic switching across up to 4 configured bands in Rel-18 [1].
In this contribution, we will further discuss and share our views on the remaining issues on multi-carrier UL Tx switching schemes, including detailed dynamic UL Tx switching mechanism and corresponding complex reduction issues.
2. Discussion
2.1 Dynamic switching mechanism
As the switching capability is enabled across 3 or 4 bands for Rel-18 UL Tx switching, the increasing cases of different band combination scenarios compared with Rel-16/17 leads to the design for UL Tx switching mechanism become more complex. In this section, we will discuss detailed dynamic switching mechanism to support UL Tx switching across 3 and 4 bands. 
2.1.1 Mapping between Tx chains and UL transmission ports
During the last RAN1 meeting, Alt.1 is supported as baseline of Rel-18 UL Tx switching mechanism. The principle of Rel-16/17 switching mechanism can be extended to 3 or 4 bands in Alt.1, which can provide flexibility for scheduling and UL Tx switching. In this way, to clarify the conditions which are needed to trigger switching period for the cases, the mapping between antenna ports and Tx chains for all possible cases need unified definition based on Rel-16/17 principle. 
Considering that UE may support up to 2 ports UL transmission only on some of the bands or concurrent transmission only on some band pairs to reduce UE complexity, the switching cases for both switched UL and dual UL may need to be clarified first by taking different complexity reduction methods into account. The following alternatives on the supported switching cases (Tx chain states) for each scenario is provided in RAN1#110bis-e meeting for further study.
	Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18
Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported
Agreement
Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· d not introduce restrictions on what were already supported in current specifications for UL Tx switching
Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination


According to the motivation of the WI on multi-carrier enhancement, it is important to ensure the available scattered spectrum bands or wider bandwidth spectrum can be utilized in a more spectral/power efficient and flexible manner, which may potentially lead to higher UL data rate, spectrum utilization and UL capacity. Therefore, it is not necessary to introduce specific Tx chain mapping restriction for Rel-18 UL Tx switching across 3 or 4 bands.
For switched UL, switching cases (Tx chain states) with 2Tx for each band can be applied by directly extending Rel-17 2Tx-2Tx switching cases to 3 or 4 bands. Besides, 1T-1T switching cases can also be assumed, which are similar to the 1Tx-2Tx switching of Rel-16/17 UL Tx switching mechanism. Form our views, 1T-1T switching case may bring some benefits when 1 port transmission on a band is frequently supported. Thus, there is no need to preclude the potential 1T-1T switching cases.
Similarly, for dual UL, if UE does not support concurrent transmission on some specific band pair(s), switching case(s) with 1T-1T for the band pair(s) can also be assumed considering various band types and configurations may result in different performance gain.
Proposal 1. Considering the supported switching cases (Tx chain states) for the following scenarios
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed
· Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) can also be assumed
Considering that different scenarios may be configured with different carriers/bands combinations, we will discuss the switching cases respectively by taking the possible scenarios into account, including the UL CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL, UL CA with one SUL scenarios for Rel-18 multi-carrier UL Tx operation. And we list all potential 2Tx-2Tx switching cases for switched UL and dual UL that supports 2 ports transmission on all bands as examples.
UL Tx switching mechanism for inter-band UL Option 1 CA without SUL
Regarding the Tx switching for UL CA option 1 (switched UL), there is no concurrent transmission on two carriers. We listed the mapping between UL transmission ports and Tx chains for UL Tx switching across 3 or 4 bands in UL CA scenarios as following.
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA option 1 (switched UL) can be defined as in Table 1.

Table 1. 2Tx-2Tx switching across 3 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

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

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

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


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA option 1 (switched UL) can be defined as in Table 2.

Table 2. 2Tx-2Tx switching across 4 bands for UL CA option 1 (switched UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

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

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

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

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P


UL Tx switching mechanism for inter-band UL Option 2 CA without SUL
Regarding the UL Tx switching for UL CA option 2 (dual UL), UE is allowed to concurrent transmission on any of two configured carriers. We listed the mapping between UL transmission ports and Tx chains for UL Tx switching across 3 or 4 bands in UL CA scenarios as following.
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA option 2 (dual UL) can be defined as in Table 3.

Table 3. 2Tx-2Tx switching across 3 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C)
	Number of antenna ports for UL transmission 
(band A+band B+band C)

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

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

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

	Case 4
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P, 0P+1P+0P

	Case 5
	1T+0T+1T
	1P+0P+0P, 1P+0P+1P, 0P+0P+1P

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA option 2 (dual UL)can be defined as in Table 4.

Table 4. 2Tx-2Tx switching across 4 bands for UL CA option 2 (dual UL)
	 
	Number of Tx chains in WID 
(band A+band B+band C+band D)
	Number of antenna ports for UL transmission 
(band A+band B +band C+band D)

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

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

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

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5
	1T+1T+0T+0T
	1P+0P+0P+0P, 1P+1P+0P+0P, 0P+1P+0P+0P

	Case 6
	1T+0T+1T+0T
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 7
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 9
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 10
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


UL Tx switching mechanism for inter-band UL CA with 1 SUL band
Considering inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 other NUL band, it is noted that UL CA is performed between NUL bands according to current RAN4 specifications should not be changed. If UL CA Option 1 is performed between NUL bands, then the mapping between UL transmission ports and Tx chains for this case is similar to the mapping relationship for UL CA option 1 (switched UL). If concurrent transmission can be performed between NUL bands, which is possible according to current specification, the cases with 1T+1T chain states on NUL bands can be supported for UL Tx switching.  
· For 2Tx-2Tx switching across 3 bands, the mapping between UL transmission ports and Tx chains for UL CA with 1 SUL band can be defined as in Table 5.

Table 5. 2Tx-2Tx switching across 3 bands for UL CA with 1 SUL band
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+band C(NUL)
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+band C(NUL)

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

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

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

	Case 4 (Simultaneous transmission across 2 NUL bands)
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


· For 2Tx-2Tx switching across 4 bands, the mapping between UL transmission ports and Tx chains for UL CA with 1 SUL band can be defined as in Table 6.

Table 6. 2Tx-2Tx switching across 4 bands for UL CA with 1 SUL band
	 
	Number of Tx chains in WID 
{band A(SUL)+band B(NUL)}+band C(NUL)+band D(NUL)
	Number of antenna ports for UL transmission 
{band A(SUL)+band B(NUL)}+band C(NUL)+band D(NUL)

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

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

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

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P

	Case 5 (Simultaneous transmission across 2 NUL bands)
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 6 (Simultaneous transmission across 2 NUL bands)
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 7 (Simultaneous transmission across 2 NUL bands)
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


Besides, in the CA scenarios with intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands, the mapping between UL transmission ports and Tx chains of such cases can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.
Proposal 2. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 1 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 1 and Table 2.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 2 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 3 and Table 4.
· For UL Tx switching across 3 or 4 bands in inter-band UL CA with 1 SUL band, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 5 and Table 6.
· For UL Tx switching across 3 or 4 bands in intra-band two contiguous aggregated carriers within one non-SUL band scenarios, the mapping between UL transmission ports and Tx chains can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.

2.1.2 Ambiguous issues on switching period
Another issue on extending Rel-17 switching mechanism for UL Tx switching across 3 or 4 bands is the ambiguous switching state issue becomes more complicated due to the increasing switching cases in Rel-18. It was recommended to reuse the existing RRC parameter to solve the ambiguous issue by majority during last RAN1 meeting. However, the target switching status still can not be determined in some special cases when only using the existing RRC parameter {oneT, twoT}. Some of the cases discussed in the last RAN1 meeting are listed below, which need more detailed clarification. 
	Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases


For Case#1 of the issue, it is feasible to reuse the existing RRC parameter {oneT, twoT} to figure out the switching cases with corresponding Tx chains number.
Considering Cases#2 of the issue, if two Tx chains are currently associated with band A and band B, and next transmission is 1 port transmission on band C, considering the switching cases and Tx chains mapping we discussed in Section 2.1.2, if oneT is indicated, there are at most 2 possible switching cases for UL Tx switching across 3 bands and 3 possible switching cases for UL Tx switching across 4 bands. In this case, Alt.1 for Cases#2 is preferred, the determination of the associated band for another Tx chain can depend on gNB implementation, which can provide more flexibility.
Proposal 3. At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C, and which band another Tx chain associated with can depend on gNB’s configuration.
2.2 Discussion on complexity reduction
It is commented that some switching configurations should be considered due to the potential complexity when fully dynamic Tx switching across 3 or 4 bands is enabled. During last RAN1 meeting, some potential options for complexity reduction and scheduling restriction of dynamic Tx switching mechanism across the configured bands were discussed,  and UE is allowed to support only some of concurrent UL cases and 2 ports transmission only on some of bands out of configured bands for UL Tx switching. Furthermore, some details on the complexity reduction need to be further discussed.  
Option 2: UE is allowed to support 2 ports transmission only on some of bands
For Option 2, supporting 2 ports transmission only on some of bands out of configured bands for UL Tx switching may reduce the number of switching cases, the conclusion achieved in last RAN1 meeting is listed as below, and the details on UE capability report and gNB configuration can be further discussed.
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction


From our perspective, to make full use of the scattered spectrum bands, to ensure flexibility and potential performance gain, there is no need to introduce extra restrictions on supporting 2 ports transmission on some specific bands in the specification. Besides, considering that UE is supported to report the capability of 2 ports transmission for each band in the current spec, whether to support 2 ports transmission on the bands for UL Tx switching can depend on UE capability reporting, and the existing UL-MIMO capability can be reused with less spec impact.
Proposal 4. If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· The existing per-FS UL-MIMO capability can be reused for UE capability report
· Existing MIMO mechanism for MIMO mode indication should be reused
3. Conclusions
In this contribution, remaining issues on multi-carrier UL Tx switching mechanism are discussed, and the following proposals are made.
Proposal 1. Considering the supported switching cases (Tx chain states) for the following scenarios
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· both switching cases (Tx chain states) with 2T and switching cases (Tx chain states) with 1T-1T can be assumed
· Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) can also be assumed
Proposal 2. If dynamic UL Tx switching across 3 and 4 bands is supported, the following switching cases can be considered.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 1 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 1 and Table 2.
· For UL Tx switching across 3 or 4 bands in inter-band UL Option 2 CA without SUL scenarios, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 3 and Table 4.
· For UL Tx switching across 3 or 4 bands in inter-band UL CA with 1 SUL band, the mapping between Tx chains and UL transmission antenna ports can be defined as in Table 5 and Table 6.
· For UL Tx switching across 3 or 4 bands in intra-band two contiguous aggregated carriers within one non-SUL band scenarios, the mapping between UL transmission ports and Tx chains can be similar to Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.

Proposal 3. At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C, and which band another Tx chain associated with can depend on gNB’s configuration.
Proposal 4. If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· The existing per-FS UL-MIMO capability can be reused for UE capability report
· Existing MIMO mechanism for MIMO mode indication should be reused
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