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1 Introduction
For Rel-18 multi-carrier enhancements WI [1], as one of the objectives, UL Tx switching across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs is included. In previous meetings, three types of UE capability to report switching periods were agreed for switching case across four bands, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}. This paper clarifies the relationship between them.
 First one is a base line assumption: it is captured in [2][3].

	For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:

· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.


Second one is optional and additional UE capability: it is captured in [4]. And this capability is implemented as UplinkTxSwitchingAdditionalPeriodDualUL-r18 in [5].
	Length of switching time for certain scenarios
Switching case across four bands, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}
· Agreement:
· As optional UE behavior, in addition to the previously agreed UE capability on per-band-pair switching period, UE can optionally and additionally report new switching periods capability of [uplinkTxSwitchingPeriod1T1Tto1T1T] per combination of switching-from bands and switching-to bands.

· Candidate values are {35u, 140us, 210us}, no other values to be added.

· For switching between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T} on band {A, B, C, D},

· Switching-from bands are A+B, and switching-to bands are C+D, or, 

· Switching-from bands are C+D, and switching-to bands are A+B

· UE to report one value for each combination of switching-from bands and switching-to bands, which applies to both A+B to C+D and C+D to A+B.

· This new capability only applies for switching of 2Tx chains between 2 different band pair as a switching event, i.e., between {1T, 1T, 0T, 0T} and {0T, 0T, 1T, 1T}, and the default UE behaviour based RAN4 previously agreed capability applies unless otherwise stated.

 

A set of examples are also listed here to facilitate understanding:

· For switching from {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on band {A, B, C, D},

· As default behaviour, if UE report 35us for band pair A+ C and 35us for band pair B + D, then 35us will be used for switching between band A+B and band C+D.

· If the additional IE [uplinkTxSwitchingPeriod1T1Tto1T1T] is reported for switching between A+B and C+D, and UE still report 35us from Rel-18 A->C (can be different from Rel-16/17 capability for A->C), report 35us for B->D, and report 140us for A+B->C+D, then

· 35us will be used for switching {1, 0, 0,0} to {0, 0, 1,0}.

· 140us will be used for switching {1, 1, 0,0} to {0, 0, 1, 1} and {0, 0, 1, 1} to {1, 1, 0,0}.


Third one is the band ordering based approach to resolve the ambiguity issue: it is captured in [6].

	· Views on the benefit:
If the UE is able to perform Tx switching with the band pairs that are corresponded to shorter switching period, the UE could utilize more resources to transmit uplink signal/channels compared to baseline.

· For example, if UE reports
max{Tswitch_A-C, Tswitch_B-D}=SW1
max{Tswitch_A-D, Tswitch_B-C}=SW2, where SW2 > SW1
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 for uplink transmission utilization improvement.
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The switching period can possible be improved as min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}

· Proposals on the solutions to resolve the switching pattern ambiguity issue:
· RAN4 to agree on the band ordering based approach to resolve the ambiguity issue for the parallel switching of two Tx chain in the case {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}:

· Associating the ordering of bands for defining switch-from and switch-to pairs in switching configuration commands may resolve the ambiguity issue without additional cost.

· Introduce new per Tx chain-based Tx switching capability 

· Introduce optional UE capability on supporting the band ordering based approach to resolve ambiguity issue

· Supporting the capability means the switching period is improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}


2 Discussion

Our understanding on three types of UE capability is summarized as follows: 

· Regarding first one, as baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. For example, when Tswitch_A-C = 35us, Tswitch_B-D=140us, Tswitch_A-D=140us, Tswitch_B-C=210us, 210us of switching period length applies to Tx switching from A+B to C+D.
· Regarding second capability (UplinkTxSwitchingAdditionalPeriodDualUL-r18), in addition to the first one, UE can report new switching periods capability per combination of switching-from bands and switching-to bands. For example, when Tswitch_A-C = 35us, Tswitch_B-D=140us, Tswitch_A-D=140us, Tswitch_B-C=140us in the base line UE capability (first one) and then UE additional reports Tswitch_A+B-C+D=210us, 210us of switching period length applies to Tx switching from A+B to C+D instead of 35us.
· Regarding third one, in addition to the first one, UE can report new switching periods capability to clarify whether the actual switching is performed as “A to C and B to D” or “A to D and B to C” for Tx switching from A+B to C+D. For example, when Tswitch_A-C = 35us, Tswitch_B-D=140us, Tswitch_A-D=140us, Tswitch_B-C=210us in the base line UE capability (first one) and the additional UE capability clarifies the actual switching is performed as “A to C and B to D”, max(Tswitch_A-C = 35us, Tswitch_B-D=140us)=140us applies to Tx switching from A+B to C+D instead of 210us. 
Based on the above, it is clear that second one can be reported in addition to first one, and third one also can be reported in addition to first one. However, it is unclear whether UE is allowed to indicate both second and third capabilities simultaneously. And if allowed, it is also unclear which switching period length will applies. This aspect should be clarified. Otherwise, different interpretations may occur when both second and third capabilities are indicated from UE to NW in actual operations. For example, when the first capability is indicated as Tswitch_A-C = 35us, Tswitch_B-D=35us, Tswitch_A-D=140us, Tswitch_B-C=140us, and the second capability is indicated as Tswitch_A+B-C+D=210us while the third capability is indicated to say the actual switching is performed as “A to C and B to D”, which switching period should be applied to switching from A+B to C+D?
Observation: It is unclear whether UE is allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously. And if allowed, it is also unclear which switching period length will applies when both are indicated from UE to NW.
To address this issue, there are two options:
· Option 1: UE is not allowed to indicate both second capability (UplinkTxSwitchingAdditionalPeriodDualUL-r18) and third capability (band ordering approach) simultaneously.
· Option 2: When UE indicates both second capability (UplinkTxSwitchingAdditionalPeriodDualUL-r18) and third capability (band ordering approach), the switching period indicated by UplinkTxSwitchingAdditionalPeriodDualUL-r18 applies.
Basically, our preference is option 1 but we think it depends on the granularity of third capability:
· If the granularity of third capability is the same with the second capability, i.e., per combination of switching-from bands and switching-to bands (e.g., switching from A+B to C+D), option 1 should be taken. UE is allowed to indicate either of second capability or third capability, and not allowed to indicate both. It can avoid any misunderstanding.

· If the granularity of third capability is different from the second capability, for example, UE indicating the third one can support band ordering approach for any Tx switching from 2 bands to 2 bands, we may need to take option 2. In that case, the combination of switching-from bands and switching-to bands (e.g. A+B to C+D) indicated by second capability follows the switching periods indicated by UplinkTxSwitchingAdditionalPeriodDualUL-r18, and others (e.g., A+C to B+D)  follows band ordering approach.
Proposal 1: Clarify whether “per Tx chain-based Tx switching capability” for band ordering approach described in [6] means per combination of switching-from bands and switching-to bands (e.g., switching from A+B to C+D) which is the same granularity with UplinkTxSwitchingAdditionalPeriodDualUL-r18.
Proposal 2: Discuss whether UE is allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously. And if allowed, further discuss which switching period length applies.
· Option 1: UE is not allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously.
· Option 2: When UE indicates both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability, the switching period indicated by UplinkTxSwitchingAdditionalPeriodDualUL-r18 applies.
Proposal 3: If the granularity of band ordering approach is same with that of UplinkTxSwitchingAdditionalPeriodDualUL-r18 (per combination of switching-from bands and switching-to bands (e.g., switching from A+B to C+D)), take option 1.

· Option 1: UE is not allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously.
3 Conclusion

Here we summarize our proposals: 
Observation: It is unclear whether UE is allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously. And if allowed, it is also unclear which switching period length will applies when both are indicated from UE to NW.
Proposal 1: Clarify whether “per Tx chain-based Tx switching capability” for band ordering approach described in [6] means per combination of switching-from bands and switching-to bands (e.g., switching from A+B to C+D) which is the same granularity with UplinkTxSwitchingAdditionalPeriodDualUL-r18.
Proposal 2: Discuss whether UE is allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously. And if allowed, further discuss which switching period length applies.
· Option 1: UE is not allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously.
· Option 2: When UE indicates both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability, the switching period indicated by UplinkTxSwitchingAdditionalPeriodDualUL-r18 applies.
Proposal 3: If the granularity of band ordering approach is same with that of UplinkTxSwitchingAdditionalPeriodDualUL-r18 (per combination of switching-from bands and switching-to bands (e.g., switching from A+B to C+D)), take option 1.

· Option 1: UE is not allowed to indicate both UplinkTxSwitchingAdditionalPeriodDualUL-r18 and band ordering approach capability simultaneously.
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