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1 Introduction
[bookmark: OLE_LINK1]In last meeting, a WF on UL Tx switching across 3/4 bands with single TAG was approved in [1], in which there were some open issues need to be further discussed.
[bookmark: OLE_LINK31]In this contribution, we give some further discussion on the open issues of Tx switching across 3 or 4 bands for single TAG listed in the WF.
2	Discussion
[bookmark: OLE_LINK12][bookmark: OLE_LINK28][bookmark: OLE_LINK24][bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK32]2.1  Exact value of Tx switching period
[bookmark: OLE_LINK2]There were three options in the way forward, which are:
	For the exact value of Tx switching period for each band pair, further discuss the following options:
· [bookmark: OLE_LINK10]Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and option 2 for dualUL


[bookmark: OLE_LINK3]Comparing with Rel-16 Tx switching, there are two mainly fundamental enhancements for R17 Tx switching, one is the switching cases are from 1T-2T to 2T-2T, and the other one is intra-band UL CA(i.e. contiguous 2CCs) can be supported in one of the bands. Therefore, for the same band pair in Rel-17, different switching period could be applied due to these two enhancements.
[bookmark: OLE_LINK4]For Rel-18 Tx switching, although the number of band are increased up to 4 for switching, the actual switching is still based on band pair which happens on the two concurrent Tx chain, i.e. only 2 bands out of 3 or 4 bands are selected for the Tx switching, which means the behaviors are quite similar with Rel-16 and Rel-17. For example:
· Rel-16/17: A-C
· [bookmark: OLE_LINK5][bookmark: OLE_LINK21][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Rel-18 cross 3 bands: A+B-C: the switching can be A-C and B-C for either switched UL or dual UL
· Rel-18 cross 4 bands: A+B-C+D: the switching can be A-C and B-C, or A-D and B-D for either switched UL or dual UL
[bookmark: OLE_LINK13][bookmark: OLE_LINK17][bookmark: OLE_LINK11]For the same band pair A-C, we think the same switching period as Rel-16/R-17 can be applied since we don’t see there are different switching behaviour. If different switching period are applied, then the switching period would become large, for example from 35us (in R16/R17) to 140us, which may make the performance worse. It shall be noted that the switching period for different band pairs, like A-C and B-C, could be different. Therefore, option 1 is our preference.
[bookmark: OLE_LINK15][bookmark: OLE_LINK18]Proposal 1: Option 1 is our preference. , i.e.
Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.

[bookmark: OLE_LINK33]2.2  Impact on the band with the number of Tx chain unchanged due to switching (Case 2)
There were three options in the way forward, which are:
	· For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, further discuss the two options in the next meeting:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK14][bookmark: OLE_LINK19]Option 1: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· Potential proposals on the granularity of the optional UE capability can also be discussed.
· Option 2: Do not define other optional features to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period.


This issue is originally for the case where one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
In RAN4 #104-e meeting, it was agreed that the baseline assumption was that neither of Tx chains is expected to be used for transmission on band C during the switching period, and meanwhile to further discuss optional advanced features to allow the other Tx chain can be expected to be used for transmission on band C during the switching period as advanced/optional UE assumption. 
[bookmark: OLE_LINK30]Although the details on the introduction of optional capability are needed more studies, we see it is feasible to allow such feature for some ‘advanced’ UEs with advanced implementation for the given band pair of a certain band combination. In the other words, it depends on UE capability whether or not the Tx transmission is allowed on this maintained Tx chain. With the capability reporting, NW can still schedule this UE to allow the Tx transmission on this maintained Tx chain which is not used for Tx switching to keep the system performance. Therefore, option 1 is our preference.
[bookmark: OLE_LINK25]Proposal 2: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.

[bookmark: OLE_LINK34]2.3  Issue of two Tx chains switched between two different band pairs
The agreements in the last WF are:
	· When two Tx chains are switched between two different band pairs with different lengths of switching periods, as baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· Whether advanced optional UE ability will be considered is related to the discussion in Issue 1-2.


This issue is related to the switching gap length for R18 UE Tx switching. In Rel-16/17, the switching gap  is the same as switching period indicated by UE capability (uplinkTxSwitchingPeriod2T2T if uplinkTxSwitching-2T-Mode is configured, and uplinkTxSwitchingPeriod otherwise). However, for Rel-18 UL Tx switching among 3/4 bands, different band pairs may be involved for each Tx chain, and UE requires the switching gap that is the larger one of the two switching periods based on RAN4 agreements. In this section, we discuss the remaining issue of the switching gap determination for R18 UL Tx switching.
During RAN1#110bis-e meeting, RAN1 discussed the gap determination for the following two example scenarios.
	· Example#1 (no ambiguity issue on switching pattern for each Tx chain): when switching from 2T on band A to 1T-1T on band B and C is performed, if UE reported different switching periods between band pair A-B and band pair A-C, how to determine the resulting switching period?
· Example#2 (there is ambiguity issue on switching pattern for each Tx chain): when switching from 1T-1T on band A and B to 1T-1T on band C and D is performed, if UE reported different switching periods among band pairs A-C, A-D, B-C and B-D, how to determine the resulting switching period?


[bookmark: OLE_LINK27]For Example #1, when switching from 2T on band A switch to 1T-1T on band B and C is performed, there could be two different switching periods for the band pairs of A to B (i.e.Tswitch_A-B) and A to C (i.e. Tswitch_A-C), then during the larger one of the two switching periods, i.e. max{Tswitch_A-B, Tswitch_A-C}, neither of the two Tx chains is expected to be used for transmission in terms of the above agreements in RAN4.
The remaining issue for switching gap is how to resolve the ambiguity issue in Example#2 if it is not clear whether the UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}. In case the ambiguity issue is resolved, the switching gap is determined by the larger one of the two switching periods. For example, if UE performs Tx switching from band A to C + B to D, then the switching gap is max{ Tswitch_A-C , Tswitch_B-D}. Two options can be considered.
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1. The traditional ambiguity issue for UL Tx switching is the ambiguous switching state, i.e., whether is 1T+1T assumed for a band pair or 2T assumed for the band. But for Example#2, there is no ambiguous switching state, while the switching pattern for each Tx chain is ambiguous, i.e., whether it is {from band A to C + B to D} or {from band A to D + B to C}. This issue can be resolved by the similar mechanism by RRC configuration or predefined rule to determine only one switching pattern for each Tx chain. 
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain for Example#2 in RAN1 and determine the switching gap based on the worst case. When switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, 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} if the switching periods for all the four band pairs are reported. Otherwise if switching period for at least one band pair (e.g. band pair B&C) is not reported, the switching pattern for each Tx chain is clear (e.g., in this example, the Tx switching is conducted from band A to C + B to D). 
[bookmark: OLE_LINK20]Proposal 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, 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}, one of following options can be considered.
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1, e.g., by RRC configuration or predefined rule. In this case, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods associated with the switching pattern.
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1 and determine the switching gap based on the worst case, 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 is the switching period reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.

3 Conclusion
[bookmark: OLE_LINK6]In this contribution, we give some further discussion on the listed open issues of Tx switching across 3 or 4 bands for single TAG. The proposals and conclusions are:
 Proposal 1: Option 1 is our preference. , i.e.
Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
Proposal 2: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
Proposal 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, 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}, one of following options can be considered.
· Option 1: Resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1, e.g., by RRC configuration or predefined rule. In this case, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods associated with the switching pattern.
· Option 2: No need to resolve the ambiguity issue of the switching pattern for each Tx chain in RAN1 and determine the switching gap based on the worst case, 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 is the switching period reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.
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