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1. Introduction
During previous RAN1 meetings, schemes for Rel-18 multi-carrier UL Tx switching were discussed and corresponding conclusions were arrived. The draft CRs for multi-cell UL Tx switching in Rel-18 Multi-carrier enhancements are provided after RAN1#114 meeting [1]. In this contribution, we will discuss and share our views on the remaining issues of multi-carrier UL Tx switching scheme.
2. Discussion
2.1 Determination of switching period location
The ambiguous issue on the determination of switching period location due to the increasing switching cases in Rel-18 has been discussed, and it is agreed that UE can determine the certain location of switching period based on the configured prioritization among the switching bands. The corresponding agreement achieved in the RAN1#112 meeting is shown as below [2]. 
	RAN1#112 Agreement
Alt.5: gNB configures priorities to each carrier/band.
· [bookmark: _Hlk146274406]The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.


According to the priority of each band involved in the UL Tx switching, the switching period can be located on switching-from band(s) or switching-to band(s) that is not with the highest priority band. However, as pointed by some companies, further clarification is needed for the switching cases when highest priority band belongs to both switching-from band(s) and switching-to band(s). For example, assuming that UL Tx switching from band A+band B to band B+band C is triggered, and the order of priority configured for the three bands is band B>band A >band C. In this case, the ambiguity issue still exists since UE is unable to determine the switching period should be located on which band(s) based on current principle. Thus, additional rules may be needed to determine the switching period location. 
Considering the motivation of priority configuration is protecting bands with higher priority to avoid unexpected performance loss, it is reasonable to determine the switching location based on the 2nd highest priority band to solve the remaining ambiguity issue. For the switching cases when the highest priority band is involved in both switching-from band(s) and switching-to band(s), UE can determine the switching period location on switching-from band(s) if the 2nd highest priority band is a switching-to band, or on switching-to band(s) if the 2nd highest priority band is switching-from band. As in the above example, it can be determined that the switching period is located on switching-to band that is not with the 2nd highest priority band B.
Proposal 1. For the switching period location determination, the gNB configures priority for each band involved in the UL Tx switching, if the highest priority band is involved in both switching-from band(s) and switching-to band(s), the UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is not with the 2nd highest priority band.
The agreement on determining switching period location has already been captured in the latest draft CR 38.214 [3] for Rel-18 UL Tx switching part, and we think the additional solution for cases when highest priority band is both switch-from band(s) and switch-to band(s) can be added on this basis. 
Proposal 2. For the determination of switching period location, take the following TP for TS 38.214 section 6.1.6.
	[bookmark: _Toc45810627][bookmark: _Toc130409832]6.1.6	Uplink switching
<Unchanged text is omitted>
[-	For an uplink switch the UE determines the band of the switching period location as defined in [8, TS 38.101-1] based on the configured priority of the bands, where the priority per band is provided by the higher layer parameter BandPriority. If the highest priority band among the switching bands is switch-from band or switch-to band, the switch is located on either 
-	the switch-from band(s) if the highest priority band is a switch-to band, or
-	the switch-to band(s) if the highest priority band is a switch-from band.]
otherwise, the switch is located on either
· the switch-from band(s) if the 2nd highest priority band is a switch-to band, or 
· the switch-to band(s) if the 2nd highest priority band is switch-from band.
<Unchanged text is omitted>


2.2 Ambiguity on one or two UL Tx switching
Another remaining issue is the ambiguity between one UL Tx switching and two UL Tx switching. There was some concern on the understanding of “one Tx switching” and “two Tx switching” if the two Tx chains are triggered to switch between two different pairs, which may have impact on the determination of switching period in time domain. The issue has been discussed during previous RAN1 meetings but no conclusion was reached [4].
From our perspective, if the starting time of the two UL transmissions after Tx switching are within a same slot, or the two UL transmissions are overlapped in time domain, the Tx switching should be performed as one Tx switching to avoid potential UL transmission interruption on one switch-to band overlapping with another switch-to band in time domain. If the two UL transmissions are completely non-overlapped, such as the gap between the two UL transmissions after switching is more than 1 slot, UE can perform two Tx switching for this case since the switching periods of the two different band pairs have no impact on each other.
For example, assuming switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, if the UL transmission on band C and D after switching is overlapped in time domain, then the switching gap is determined by the maximum switching period if no additional capability is reported, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. If the UL transmission on band C and D are totally non-overlapped after switching, then two Tx switching can be performed by UE, and the switching gap can be determined based on the switching period configured for each Tx switching independently.
Proposal 3. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, it is considered as one Tx switching if the two UL transmissions after switching are overlapped in time-domain, and the switching gap determined by RAN4 can be used. 
Besides, according to the restriction specified for UL Tx switching in TS 38.214 section 6.1.6, when a UE is triggered to perform Tx switching between a band pair, and the start of the UL transmission after Tx switching is T0, UE uses UL grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch. 
	6.1.6 Uplink switching
[bookmark: _Hlk146379576]If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].


While for the switching cases when two Tx chains are triggered to switch between two different pairs, each UL transmission after Tx switching may start at either the same or different time, also the UE processing time for uplink transmission triggered by two DCIs can be different. If the switching is determined as one UL Tx switching, the definition of T0 and Toffset for the above cases also needs to be clarified for UE to determine the behavior on performing UL Tx switching.
Taking the switching from 1T+1T on band A and B to 1T+1T on band C and D as an example, if UL transmission on band C and band D starts at the same time T0, as shown in Figure 1a, assuming UE processing procedure time of the earlier transmission and the later transmission triggering the switch are Toffset,1, Toffset,2, respectively. Considering that UE is not expected to trigger any other new uplink switching occurring before T0 for any other uplink transmission during processing time, both DCIs should be received before T0-max{Toffset,1, Toffset,2} to ensure the UL Tx switching between two different band pairs will be performed by UE.
Besides, for the cases when the two UL transmissions after switching start at different time, assuming the start time of the earlier transmission is T0,1 and the later transmission after the Tx switching is T0,2, as shown in Figure 1b, and UE processing procedure time of the earlier transmission and the later transmission triggering the switch are Toffset,1, Toffset,2, respectively. The DCIs should be received before the earlier time between T0,1- Toffset,1 and T0,2- Toffset,2 at least when UL transmissions on band C and band D overlapped in time domain are scheduled. For simplicity, T0 can be defined as the start time of the earlier UL transmission, and UE processing time Toffset is the maximum value between Toffset,1 and Toffset,2, which can guarantee UE is capable to handle the received grants for UL Tx switching between two different band pairs.  
[image: ]
Figure 1a. UL transmission on band C and D start at the same time
[image: ]
Figure 1a. UL transmission on band C and D start at different time
Figure 1. Illustration of UL Tx switching between two different band pairs
Proposal 4. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, UE determines how to perform Tx switching based on the grants received before T0-Toffset, where T0 is the earlier start time of the UL transmission after Tx switching, and Toffset is determined based on the maximum UE processing time for the UL transmissions triggering the switch. 
3. Conclusions
In this contribution, remaining issues on multi-carrier UL Tx switching mechanism are discussed, and the following proposals are made.
Proposal 1. For the switching period location determination, the gNB configures priority for each band involved in the UL Tx switching, if the highest priority band is involved in both switching-from band(s) and switching-to band(s), the UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is not with the 2nd highest priority band.
Proposal 2. For the determination of switching period location, take the following TP for TS 38.214 section 6.1.6.
	6.1.6	Uplink switching
<Unchanged text is omitted>
[-	For an uplink switch the UE determines the band of the switching period location as defined in [8, TS 38.101-1] based on the configured priority of the bands, where the priority per band is provided by the higher layer parameter BandPriority. If the highest priority band among the switching bands is switch-from band or switch-to band, the switch is located on either 
-	the switch-from band(s) if the highest priority band is a switch-to band, or
-	the switch-to band(s) if the highest priority band is a switch-from band.]
otherwise, the switch is located on either
· the switch-from band(s) if the 2nd highest priority band is a switch-to band, or 
· the switch-to band(s) if the 2nd highest priority band is switch-from band.
<Unchanged text is omitted>


Proposal 3. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, it is considered as one Tx switching if the two UL transmissions after switching are overlapped in time-domain, and the switching gap determined by RAN4 can be used.
Proposal 4. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, UE determines how to perform Tx switching based on the grants received before T0-Toffset, where T0 is the earlier start time of the UL transmission after Tx switching, and Toffset is determined based on the maximum UE processing time for the UL transmissions triggering the switch. 
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