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1. Introduction
At the RAN1#110 meeting, following working assumption regarding Rel-18 Multi-carrier UL Tx switching scheme was made [1, 2].
	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
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded


In this contribution, we discuss on Rel-18 Multi-carrier UL Tx switching scheme, especially regarding complexity reduction options for down-selection at RAN1#110bis-e meeting.

2. Discussion on complexity reduction options for Rel-18 Multi-carrier UL Tx switching scheme
The working assumption above was made based on the majority supports on Alt.1 scheme which can achieve the best performance thanks to full flexibility for scheduling and UL Tx switching, compared with other alternatives that have some restriction(s) on scheduling and switching. Since there are some companies having concerns on Alt.1 in terms of complexity, the working assumption includes the condition that one or more of complexity reduction options will be supported on top of Alt.1 scheme. However, it should be emphasized that any complexity reduction option to be supported should not cause significant performance degradation and should be basically optional such as only for some UE implementations having certain limitation due to complexity. Rel-18 Multi-carrier UL Tx switching scheme should be able to provide clear performance gain over existing features such as Rel-17 UL Tx switching scheme.
Proposal 1: Any complexity reduction option to be supported on top of Alt.1 scheme should be basically optional and should still be able to provide clear performance gain over Rel-17 UL Tx switching scheme.

For Alt.1 scheme without any complexity reduction option, dynamic switching across 6 or 10 cases in the following tables based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission, can be assumed for Rel-18 UL Tx switching with 3 or 4 bands, respectively.
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Figure 1: Supported switching cases for 2/3/4 bands

2.1	Complexity reduction Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
	· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling


Regarding the complexity reduction Option 1, our understanding on this option is as follows.
· [bookmark: _Hlk115011640]This option is applicable to Inter-band UL CA dual UL scenario where a UE is capable of at least one band pair among 3 or 4 bands for concurrent UL transmission. Otherwise, if the UE does not support concurrent UL transmission for any band pair among 3 or 4 bands, it means that the UE just supports switched UL scenario only and anyway supporting only switched UL would be possible for 3 or 4 bands as well as for 2 bands.
· For UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands.  In such case, concurrent UL transmission for some band pair(s) cannot be performed. Rel-16 UL Tx switching assumed similar limitation on one of the Tx chains even for 2 bands case.
· If the concurrent UL transmission is supported for only one band pair among 3 or 4 bands, the performance gain from Rel-17 UL Tx switching with dual UL scenario or from Rel-18 UL Tx switching with switched UL scenario may be marginal. 
· Based on above, we are positive to support Option 1 as possible optional restriction based on UE capability. However, we prefer to consider some condition(s) to ensure clear performance gain over Rel-17 UL Tx switching with dual UL scenario or Rel-18 UL Tx switching with switched UL scenario.
· For example, for both 3 and 4 bands cases, at least two band pairs should be supported for the concurrent transmission if the UE indicates the support of dual UL.
· If this option is applied, whether the number of supported switching cases is reduced or not can be discussed. For example, in case of 3 bands, there are originally 6 cases as shown in Figure 1, and if concurrent UL transmission on A&B and A&C is supported but that on B&C is not supported, case 3 where Tx chains are on band B and band C may or may not be necessary. Removing certain switching case to reduce the number of supported switching cases may be beneficial in terms of complexity reduction, while supporting the case 3 even without concurrent transmission on B&C may be beneficial if 1 port transmission on either band B or C is frequently used.
Observation 1: The complexity reduction Option 1 is applicable to Inter-band UL CA dual UL scenario where a UE is capable of at least one band pair among 3 or 4 bands for concurrent UL transmission. For UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands so that concurrent UL transmission for some band pair(s) cannot be performed.
Proposal 2: To ensure the clear performance gain of Rel-18 dual UL with complexity reduction Option 1 over Rel-17 dual UL or Rel-18 switched UL, it is preferable to consider complexity reduction Option 1 with some condition, e.g., for both 3 and 4 bands cases, at least two band pairs should be supported for the concurrent transmission if the UE indicates the support of dual UL.
Proposal 3: For complexity reduction Option 1, whether the number of supported switching cases is reduced or not should be discussed.

2.2	Complexity reduction Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
	· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling


Regarding the complexity reduction Option 2, our understanding on this option is as follows.
· This option is applicable to both switched UL scenario and dual UL scenario.
· As argued for Option 1, for UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands. In such case, 2 ports transmission cannot be performed on some band(s) among 3 or 4 bands.
· If 2 ports transmission is supported only for 1 or 2 bands out of 3 or 4 bands, the performance gain from Rel-17 UL Tx switching where 2 ports transmission is supported for 2 bands may be marginal.
· Based on above, we are positive to support Option 2 as possible optional restriction based on UE capability. However, we prefer to consider some condition(s) to ensure clear performance gain over Rel-17 UL Tx switching.
· For example, at least 2 or 3 bands should support 2 ports UL transmission for Rel-18 UL Tx switching with 3 or 4 bands.
· If this option is applied, the number of supported switching cases can be reduced at least for dual UL scenario. For example, in case of 3 bands, there are originally 6 cases as shown in Figure 1, and if 2 ports UL transmission on band A and B is supported but that on band C is not supported, case 6 where both Tx chains are on band C is not necessary as case 2 or 3 can be used for UL transmission on band C. For switched UL scenario, whether cases like 1/2/3 where Tx chains are on the different bands is supported or not should be discussed first. In Rel-17 switched UL scenario, only cases where Tx chains are on the same band are supported. If Rel-18 switched UL scenario follows the same principle, this option does not reduce the number of supported switching cases for switched UL scenario.
Observation 2: The complexity reduction Option 2 is applicable to both switched UL and dual UL scenarios. For UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands so that 2 ports transmission cannot be performed on some band(s) among 3 or 4 bands.
Proposal 4: To ensure the clear performance gain of Rel-18 UL Tx switching with complexity reduction Option 2 over Rel-17 UL Tx switching where 2 ports transmission is supported for 2 bands, it is preferable to consider complexity reduction Option 2 with some condition, e.g., at least 2 or 3 bands should support 2 ports UL transmission for Rel-18 UL Tx switching with 3 or 4 bands.
Proposal 5: For Rel-18 switched UL scenario, whether switching cases where Tx chains are on the different bands are supported or not should be discussed.

2.3	Complexity reduction Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
	· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary


Regarding the complexity reduction Option 3, our understanding on this option is as follows.
· This option is applicable to both switched UL scenario and dual UL scenario.
· In RAN4 reply LS [3], RAN4 recommended RAN1 to discuss further on the UE memory sharing issue which was also discussed in several RAN1 contributions at RAN1#110 meeting [2]. It was argued that if the UE has limited memory size such as the same size as for Rel-17 UL Tx switching with 2 bands, memory flushing and loading are necessary for the specific switching patterns and hence more preparation procedure time is necessary in such case compared with other cases where no memory flushing and loading is necessary. Meanwhile, it is also argued that if the UE has sufficient memory size for Rel-18 UL Tx switching with 3 or 4 bands, such memory flushing and loading would be unnecessary.
· Assuming the memory size of 2 such as in [4], additional preparation procedure time would be necessary for following switching patterns with 3 or 4 bands that do not exist in Rel-17. In other switching patterns with 2 bands, additional preparation procedure time would be unnecessary.
· [bookmark: _Hlk115034810]Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on different band from the two bands (e.g., band C)
· Switching from a case where Tx chains are on one band (e.g., band A) to another case where Tx chains are on different bands from the band (e.g., band B and C)
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on two different bands from the two bands (e.g., band C and D)
· Similarly, assuming the memory size of 3, additional preparation procedure time would be necessary for following switching pattern with 4 bands. In other switching patterns with 2 or 3 bands, additional preparation procedure time would be unnecessary.
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on two different bands from the two bands (e.g., band C and D)
· Above specific switching patterns where additional preparation procedure time is necessary are basically clear once the memory size is determined. A flexibility for reporting/indicating specific switching patterns would be unnecessary and would be too complicated. Therefore, once the UE reports its memory size and gNB schedules/configures UL transmissions for the UE, the UE and the gNB can have common understanding regarding when the additional preparation procedure time is necessary for the UE. In that sense, such additional preparation procedure time can be considered as UL scheduling offset and gNB can handle it to ensure the required preparation procedure time for the UL transmission. It should be noted that if an explicit indication from gNB to UE for memory flushing/loading is introduced, it is equivalent to Alt.2 scheme which was dropped by the working assumption, and hence RAN1 should not go back to the situation before making the working assumption by discussing the necessity of such explicit indication regarding memory flushing/loading.
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Figure 2: Ensuring the required preparation procedure time as UL scheduling offset
· [bookmark: _Hlk115035081]The additional preparation procedure time is different from the switching period. The switching period is occurred when the associated band for a Tx chain is switched from one to another. The additional preparation procedure time is required when the memory flushing and loading are to be performed. Since the memory is used to store essential baseband and RF information for UL transmissions, during the procedure for the memory flushing for band A and loading for band B, UL transmission on the band A and/or B would not be possible, while if another unit of the memory has band C information and no flushing/loading is performed in the unit, UL transmission on the band C should be possible even during the memory flushing/loading at another unit.
· Based on above, we are positive to support Option 3 as possible optional restriction based on UE capability.
Observation 3: The complexity reduction Option 3 is applicable to both switched UL and dual UL scenarios. For UL Tx switching with 3 or 4 bands, there would be some implementations where UE memory flushing and loading are necessary for the specific switching patterns such as followings.
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on different band from the two bands (e.g., band C) assuming the memory size of 2
· Switching from a case where Tx chains are on one band (e.g., band A) to another case where Tx chains are on different bands from the band (e.g., band B and C) assuming the memory size of 2
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on two different bands from the two bands (e.g., band C and D) assuming the memory size of 2 or 3
Observation 4: The additional preparation procedure time is different from the switching period. During the procedure for the memory flushing for band A and loading for band B, UL transmission on the band A and/or B would not be possible, while if another unit of the memory has band C information and no flushing/loading is performed in the unit, UL transmission on the band C would be possible even during the memory flushing/loading at another unit.
Proposal 6: The complexity reduction Option 3 should be considered as possible optional restriction based on UE capability.
· Reporting the UE memory size is required, while reporting/indicating specific switching patterns where the additional preparation procedure time is required would not be necessary.

2.4	Complexity reduction Option 4: UE is allowed to support only some of band pairs for tx switching
	· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling


Regarding the complexity reduction Option 4, our understanding on this option is as follows.
· This option is applicable to both switched UL scenario and dual UL scenario.
· This option allows UE to not support some switching patterns, e.g., in case of 3 bands switched UL scenario, UE may support switching between band A and B and switching between band A and C but may not support switching between band B and C. Actually, it is equivalent to Alt.3 scheme which was dropped by the working assumption, and hence RAN1 should not go back to the situation before making the working assumption by discussing the necessity of this complexity reduction option. This complexity reduction option does not follow the fundamental principle of the Alt.1 and working assumption that the 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.
· Based on above, we strongly recommend to not discuss this option.
Observation 5: The complexity reduction Option 4 is equivalent to Alt.3 scheme which was dropped by the working assumption. Since this option allows UE to not support some switching patterns, this complexity reduction option does not follow the fundamental principle of the Alt.1 and working assumption that the 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.
Proposal 7: The complexity reduction Option 4 should not be further discussed.

3. Discussion on UE capability and RRC signaling for Rel-18 UL Tx switching across 3 or 4 bands with potential complexity reduction options
Based on the discussion in section 2, at least following UE capability and RRC signaling for Rel-18 UL Tx switching across 3 or 4 bands with potential complexity reduction options should be considered.
· UE capability regarding the supported band combination(s) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure UL cells used for Rel-18 UL Tx switching
· Existing parameter such as uplinkTxSwitchingCarrier in ServingCellConfig may be reused.
· UE capability regarding the supported option (switched UL and/or dual UL) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure either switched UL or dual UL
· [bookmark: _Hlk115039815]If the complexity reduction Option 1 is supported, UE may support concurrent transmission only on some of band pairs, and hence UE/gNB needs to report/configure specific band pairs where concurrent transmission is possible/expected. Existing parameter such as uplinkTxSwitchingOption in CellGroupConfig cannot be reused in such case and new parameter would be necessary.
· UE capability regarding the supported band(s) for 2 ports transmission for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure up to 2 ports transmission mode for a band
· If the complexity reduction Option 2 is supported, UE may support up to 2 ports transmission only on some of bands, and hence UE/gNB needs to report/configure specific bands where up to 2 ports transmission is possible/expected. Existing parameters such as uplinkTxSwitching-2T-Mode in CellGroupConfig and uplinkTxSwitchingCarrier in ServingCellConfig may or may not be reused.
· UE capability regarding the supported memory size for Rel-18 UL Tx switching across 3 or 4 bands
· There is no such capability for Rel-16/17 UL Tx switching, and hence new capability signaling is necessary if the complexity reduction Option 3 is supported.
· Corresponding RRC signaling would not be necessary as discussed in section 2.3 since UE and gNB can have common understanding regarding when the additional preparation procedure time is necessary for the UE based on the memory size reported by the UE.

3.1	RRC signaling to solve ambiguous state issue
As summarized in [2], multiple companies have proposed that the ambiguous state issue should be solved by RRC signaling similar to that in Rel-17 UL Tx switching. The ambiguous state issue happens if multiple switching cases as shown in Figure 1 can cover the same transmission configuration in terms of antenna ports, e.g., 1 port transmission on band A can be covered by case 1, 2 and 4 for UL Tx switching with 3 bands. In Rel-17, uplinkTxSwitching-DualUL-TxState in CellGroupConfig is used to indicate specific switching case UE needs to select in case of ambiguous state issue. However, candidate parameters {oneT, twoT} would not be sufficient in Rel-18 UL Tx switching with ambiguous state issue since the number of possible switching cases is more than 2. Therefore, extension of this parameter or new parameter would be necessary and it would be straightforward way to solve the ambiguous state issue in Rel-18 UL Tx switching.
When “twoT” is indicated, there would be no problem since how to interpret it is clear and one switching case where Tx chains are associated with transmitting serving cell can be clearly selected. The issue is that indicating “oneT” would not be clear enough on which switching case should be selected, specifically which serving cell should be associated with Tx chains together with transmitting serving cell. One possible way is to indicate an associated serving cell index for each serving cell so that Tx chain shall be associated with transmitting serving cell and its associated serving cell in case of ambiguous state issue. In this case, a new parameter to indicate the associated serving cell index is necessary e.g., in ServingCellConfig. Another possible way is to define some rule in the specification regarding how to select the associated serving cell in case of “oneT”. For example, it would be natural that when the Tx chains are associated with band A and next transmission is to be performed on band B, switching case with 1T+1T on band A+B is selected as in Rel-17. When Tx chains are associated with band A/B and next transmission is to be performed on band C, whether switching case with 1T+1T on band A+C or switching case with 1T+1T on band B+C should be selected can be decided based on predefined rule or preconfiguration.

In summary, RAN1 should ask RAN2 to discuss and specify the details on UE capability and RRC signaling design if the UL Tx switching across 3 or 4 bands is supported in Rel-18.
Proposal 8: At least following UE capability and RRC signaling should be considered for Rel-18 UL Tx switching across 3 or 4 bands with potential complexity reduction options.
· UE capability regarding the supported band combination(s) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure UL cells used for Rel-18 UL Tx switching
· UE capability regarding the supported option (switched UL and/or dual UL) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure either switched UL or dual UL
· If the complexity reduction Option 1 is supported, UE may support concurrent transmission only on some of band pairs, and hence UE/gNB needs to report/configure specific band pairs where concurrent transmission is possible/expected. Existing parameter such as up-linkTxSwitchingOption in CellGroupConfig cannot be reused in such case and new parame-ter would be necessary.
· UE capability regarding the supported band(s) for 2 ports transmission for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure up to 2 ports transmission mode for a band
· If the complexity reduction Option 2 is supported, UE may support up to 2 ports transmission only on some of bands, and hence UE/gNB needs to report/configure specific bands where up to 2 ports transmission is possible/expected. Existing parameters such as uplinkTxSwitching-2T-Mode in CellGroupConfig and uplinkTxSwitchingCarrier in ServingCellConfig may or may not be reused.
· UE capability regarding the supported memory size for Rel-18 UL Tx switching across 3 or 4 bands
· There is no such capability for Rel-16/17 UL Tx switching, and hence new capability signaling is necessary if the complexity reduction Option 3 is supported.
· Corresponding RRC signaling would not be necessary since UE and gNB can have common understanding regarding when the additional preparation procedure time is necessary for the UE based on the memory size reported by the UE.
· RRC signaling to solve ambiguous state issue in Rel-18 UL Tx switching across 3 or 4 bands
· Since the existing parameter uplinkTxSwitching-DualUL-TxState in CellGroupConfig has only {oneT, twoT} as candidate values, extension of this parameter or new parameter would be necessary for ambiguous state issue in Rel-18 UL Tx switching across 3 or 4 bands where the number of possible switching cases in ambiguous state issue is more than 2.


4. Conclusion
In this contribution, we presented our views on Rel-18 Multi-carrier UL Tx switching scheme, especially regarding complexity reduction options. Based on the discussion in this contribution, following observations and proposals were made.
Proposal 1: Any complexity reduction option to be supported on top of Alt.1 scheme should be basically optional and should still be able to provide clear performance gain over Rel-17 UL Tx switching scheme.
Observation 1: The complexity reduction Option 1 is applicable to Inter-band UL CA dual UL scenario where a UE is capable of at least one band pair among 3 or 4 bands for concurrent UL transmission. For UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands so that concurrent UL transmission for some band pair(s) cannot be performed.
Proposal 2: To ensure the clear performance gain of Rel-18 dual UL with complexity reduction Option 1 over Rel-17 dual UL or Rel-18 switched UL, it is preferable to consider complexity reduction Option 1 with some condition, e.g., for both 3 and 4 bands cases, at least two band pairs should be supported for the concurrent transmission if the UE indicates the support of dual UL.
Proposal 3: For complexity reduction Option 1, whether the number of supported switching cases is reduced or not should be discussed.
Observation 2: The complexity reduction Option 2 is applicable to both switched UL and dual UL scenarios. For UL Tx switching with 3 or 4 bands, there would be some implementations where a Tx chain is applicable to only some of 3 or 4 bands but not all bands so that 2 ports transmission cannot be performed on some band(s) among 3 or 4 bands.
Proposal 4: To ensure the clear performance gain of Rel-18 UL Tx switching with complexity reduction Option 2 over Rel-17 UL Tx switching where 2 ports transmission is supported for 2 bands, it is preferable to consider complexity reduction Option 2 with some condition, e.g., at least 2 or 3 bands should support 2 ports UL transmission for Rel-18 UL Tx switching with 3 or 4 bands.
Proposal 5: For Rel-18 switched UL scenario, whether switching cases where Tx chains are on the different bands are supported or not should be discussed.
Observation 3: The complexity reduction Option 3 is applicable to both switched UL and dual UL scenarios. For UL Tx switching with 3 or 4 bands, there would be some implementations where UE memory flushing and loading are necessary for the specific switching patterns such as followings.
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on different band from the two bands (e.g., band C) assuming the memory size of 2
· Switching from a case where Tx chains are on one band (e.g., band A) to another case where Tx chains are on different bands from the band (e.g., band B and C) assuming the memory size of 2
· Switching from a case where Tx chains are on two bands (e.g., band A and B) to another case where Tx chains are on two different bands from the two bands (e.g., band C and D) assuming the memory size of 2 or 3
Observation 4: The additional preparation procedure time is different from the switching period. During the procedure for the memory flushing for band A and loading for band B, UL transmission on the band A and/or B would not be possible, while if another unit of the memory has band C information and no flushing/loading is performed in the unit, UL transmission on the band C would be possible even during the memory flushing/loading at another unit.
Proposal 6: The complexity reduction Option 3 should be considered as possible optional restriction based on UE capability.
· Reporting the UE memory size is required, while reporting/indicating specific switching patterns where the additional preparation procedure time is required would not be necessary.
Observation 5: The complexity reduction Option 4 is equivalent to Alt.3 scheme which was dropped by the working assumption. Since this option allows UE to not support some switching patterns, this complexity reduction option does not follow the fundamental principle of the Alt.1 and working assumption that the 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.
Proposal 7: The complexity reduction Option 4 should not be further discussed.
Proposal 8: At least following UE capability and RRC signaling should be considered for Rel-18 UL Tx switching across 3 or 4 bands with potential complexity reduction options.
· UE capability regarding the supported band combination(s) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure UL cells used for Rel-18 UL Tx switching
· UE capability regarding the supported option (switched UL and/or dual UL) for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure either switched UL or dual UL
· If the complexity reduction Option 1 is supported, UE may support concurrent transmission only on some of band pairs, and hence UE/gNB needs to report/configure specific band pairs where concurrent transmission is possible/expected. Existing parameter such as up-linkTxSwitchingOption in CellGroupConfig cannot be reused in such case and new parame-ter would be necessary.
· UE capability regarding the supported band(s) for 2 ports transmission for Rel-18 UL Tx switching across 3 or 4 bands
· Corresponding RRC signaling to configure up to 2 ports transmission mode for a band
· If the complexity reduction Option 2 is supported, UE may support up to 2 ports transmission only on some of bands, and hence UE/gNB needs to report/configure specific bands where up to 2 ports transmission is possible/expected. Existing parameters such as uplinkTxSwitching-2T-Mode in CellGroupConfig and uplinkTxSwitchingCarrier in ServingCellConfig may or may not be reused.
· UE capability regarding the supported memory size for Rel-18 UL Tx switching across 3 or 4 bands
· There is no such capability for Rel-16/17 UL Tx switching, and hence new capability signaling is necessary if the complexity reduction Option 3 is supported.
· Corresponding RRC signaling would not be necessary since UE and gNB can have common understanding regarding when the additional preparation procedure time is necessary for the UE based on the memory size reported by the UE.
· RRC signaling to solve ambiguous state issue in Rel-18 UL Tx switching across 3 or 4 bands
· Since the existing parameter uplinkTxSwitching-DualUL-TxState in CellGroupConfig has only {oneT, twoT} as candidate values, extension of this parameter or new parameter would be necessary for ambiguous state issue in Rel-18 UL Tx switching across 3 or 4 bands where the number of possible switching cases in ambiguous state issue is more than 2.
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