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1 Introduction
[bookmark: OLE_LINK1]In last RAN#99 meeting, the WID was extended one quarter, which means May meeting is the last meeting in terms of the arrangement. However, there were still several open issues needs to be solved, which was included in the approved WF [1][2].
[bookmark: OLE_LINK31]In this contribution, we give some further discussions on the open issues of Tx switching across 3 or 4 bands for single TAG listed in the WF.
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK12][bookmark: OLE_LINK66][bookmark: OLE_LINK24][bookmark: OLE_LINK28]2.1  Advanced optional UE ability 
One of the open issue in the WF [1] is the advanced optional UE ability, which was discussed for several meetings. Here the advanced optional UE ability means the advanced optional UE ability to allow one Tx chain to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1), which is shown below.
	[bookmark: OLE_LINK97][bookmark: OLE_LINK80]Issue 1-2-3: Advanced optional UE ability 
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· [bookmark: OLE_LINK34][bookmark: OLE_LINK98]For the switching scenario of {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T} on bands {A, B, C, D}, discuss and decide whether or not to introduce the advanced optional UE ability to allow one Tx chain to start transmission earlier if the switching time for this Tx chain is shorter.


The baseline assumption, i.e. neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods, is still valid. 
[bookmark: OLE_LINK95]It is normal for different band pairs have different switch periods, on top of the baseline UE assumption, from flexibility perspective, we think it is feasible to introduce advanced optional UE capability to allow the Tx chain to be transmitted during the delta time duration, and it is assumed there are no ambiguity issues for the switching cases or the ambiguity issues are solved.
Proposal 1. For the switching scenario without ambiguity, it is feasible to introduce advanced optional UE capability (per band per band pair per BC) to allow one Tx chain to start transmission earlier if the switching time for this Tx chain is shorter.
2.2  Ambiguity issue 

[bookmark: OLE_LINK37][bookmark: OLE_LINK33][bookmark: OLE_LINK32]Another issue is switching pattern ambiguity issue, which is included in the WF [2] as below: 
	· [bookmark: OLE_LINK20][bookmark: OLE_LINK38][bookmark: OLE_LINK39]RAN4 maintains the baseline assumption in Issue 1-2-3 agreed in R4-2220546 during RAN4#105. 
· Neither of the two Tx chains is expected to be used for transmission during the switching periods in Rel-18
· [bookmark: OLE_LINK73][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK70]Encourage companies to study the benefit to resolve the switching pattern ambiguity issue when 2 Tx chains are switched between two different band pairs for one Tx switching instance
· At least for single TAG
· FFS whether it applies to dual TAG


[bookmark: OLE_LINK44]The purpose for further enhancing/resolving the switching pattern ambiguity issue when 2 Tx chains are switched between two different band pairs for one Tx switching instance was based on baseline assumption in issue 1-2-3 captured in the approved WF R4-2220546 as below: 
	Issue 1-2-3: Ambiguity issue when two Tx chains are switched between two different band pairs
Way forward:
· 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}:
· [bookmark: OLE_LINK52][bookmark: OLE_LINK69][bookmark: OLE_LINK72][bookmark: OLE_LINK45]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.


[bookmark: OLE_LINK75][bookmark: OLE_LINK74][bookmark: OLE_LINK48][bookmark: OLE_LINK50][bookmark: OLE_LINK68][bookmark: OLE_LINK55]Based on our understanding, it is beneficial to address the switching pattern ambiguity issue when 2 Tx chains are switched between two different band pairs for one Tx switching instance. Taking switching from bands A+B is switched to bands C+D as an example, the switching would happen among the different band pairs, such as A->C, B->D, or A->D, B->C. if the ambiguity remains, the switching gap is determined as maximum of switching period reported for all of the possible band pairs of (A, C), (B, D), (A, D) and (B, C), which is max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} in terms of the above baseline UE assumption.
[bookmark: OLE_LINK49][bookmark: OLE_LINK51][bookmark: OLE_LINK67][bookmark: OLE_LINK60][bookmark: OLE_LINK64]If the ambiguity issue can be addressed, for example, gNB indicates UE via DCI to switching from band A to band C and switching from band B to band D, then the switching period can be determined as max {Tswitch_A-C, Tswitch_B-D}. A simple comparison of the switching periods are shown in table 1.
[bookmark: OLE_LINK62]Table 1. Comparison of the switching periods w/ ambiguity issue exists(example)
	Possible band pairs
	[bookmark: OLE_LINK54][bookmark: OLE_LINK53][bookmark: OLE_LINK58]switching period for each band pair (us)
	[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK65]switching period:max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} (ambiguity issue exists)
	switching period:max {Tswitch_A-C, Tswitch_B-D}(ambiguity issue solved)

	A->C
	35 us
	210 us
	35 us

	B->D
	35 us
	
	

	A->D
	[bookmark: OLE_LINK59]140 us
	
	

	B->C
	210 us
	
	


[bookmark: OLE_LINK71]In the example in table 1, we assume the switching period for Tswitch_A-D and Tswitch_A-D are larger than Tswitch_A-C and Tswitch_B-D, then the two Tx chains are expected to be used for transmission during the switching period of 35us, not 210us any more. So we think the benefit is clear.
[bookmark: OLE_LINK47]Proposal. It is beneficial to resolve the switching pattern ambiguity issue when 2 Tx chains are switched between two different band pairs for one Tx switching instance.
2.3  Switching case across four bands
For the switching case across four bands, i.e. {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}, companies share different views on how to determine the switching period when 2 Tx chains are switched between two different band pairs for one Tx switching instance. This issue is somehow related to the above ambiguity issue. There were some options in the WF[1] as below.
	[bookmark: OLE_LINK46][bookmark: OLE_LINK41]Issue 1-4-1: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· [bookmark: OLE_LINK40]Option A: As optional UE behaviour, total switching period can be extended if UE is not capable for concurrent TX switching on the two TX chains. 
· Option A1: add new values {70, 175} usec in addition to the agreed set of {35 us, 140 us, 210 us} 
· Option A2: Sum of two switching periods 
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.
· Include clearly the aspect that when two TX chains are switched with different lengths of the switching periods, none of the TX chains are expected to be used for transmissions.
· Option B: Keep the previous agreements 



[bookmark: OLE_LINK77][bookmark: OLE_LINK79]In our understanding, new switching periods introduced in option A based on the UE is not capable for concurrent TX switching on the two TX chains, which means the switching cases happened sequentially which would enlarge the switching period which depends on the UE architecture and implementation. However, longer switching period would cause NW performance degradation, so larger than 210us switching period should not be included since it had already considered both PLL and whole RF chain reload for each switching case. Nevertheless, at current stage, we think the original value sets in the previous agreement can still work.
Proposal. At current stage, we think the original value sets in the previous agreement can still work.

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:
<TBA>
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