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Introduction
[bookmark: _Hlk58595024]In RAN#97-e, WI has been further revised for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes enhancements for multi-carrier UL operation with UL Tx switching schemes as follows [1]:
Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
In this contribution, we provide our views on the remaining details to facilitate dynamic UL Tx switching for a 3 or 4 bands combination including:
· Ambiguity case for the UL switching scenario involving A(1Tx) + B(1Tx) -> C(1Tx)
· Determining single or two switching instances
· Restriction on gNB scheduling for PUCCH triggered with UL Tx switching
Discussion
Ambiguity for A(1Tx) + B(1Tx) -> C(1Tx)
In RAN1#111, following agreement has been made related to the ambiguity case for A(1Tx) + B(1Tx) ->C(1Tx) [2]:

Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled

In RAN4#105, an agreement related to similar case has been made [3]:

When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to 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.
· RAN4 will further discuss and decide the granularity of the optional UE capability based on the following options:
· Option a: per band pair per BC
· Option b: per band per band pair per BC
· Other options are not precluded

In our understanding, these two agreements can be contradictory in certain scenarios. For example, according to RAN1 agreement, other band can also change, if associated band is configured by network, however according to RAN4 agreement, other band shall remain unchanged and additionally transmission can be scheduled on the unchanged band. In the switching case A(1Tx) + B(1Tx) -> C(1Tx), if band D is the associated band with band C, then both bands A and B need to switch. This contradicts the agreement in RAN1. Therefore, we need to deal with this contradiction case. One possibility could be to solve it based on UE capability. As a baseline or default capability, the RAN4 agreement can be applied, i.e. for this case, only one band switches, while the other band remain unchanged. The additionally, UE can indicate associated band capability. 

Observation 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), there seems to be contradictory agreement made between RAN1 and RAN4:
· According to RAN1 agreement, if associated band for band C is band D, then both band A and band B will need to switch.
· According to RAN4 agreement, only one of two bands A and B shall switch to C

Proposal 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), the baseline/default capability is that only one of the two bands need to switch
· Optional UE capability can be reported for associated band support

Furthermore, in case if UE supports only default capability, then switching gap duration can be used to determine which of the two bands will switch. For example, if A->C has longer switching gap compared to B->C, then it can be assumed that A switches to C and B remains unchanged. 

Proposal 2: For the switching case A(1Tx) + B (1Tx) -> C(1Tx), if UE doesn’t support associated band capability, then switching period should be used to determine which one of the two initial bands switch to band C,  for example, if switching gap for A -> C  is longer than the switching gap for  B-> C, then A switches to C and B remains unchanged

Determining single or two switching instances
Another remaining issue is related to the UL Tx switching case of  A(1Tx) + B(1Tx) -> C(1Tx) + D(1Tx) when it is triggered by two DCIs. It needs to be discussed under what conditions this can be considered as single switching instance or two switching instances, for example first DCI triggering A+B->C and the second DCI triggering A+B->D. In our view, this should be specified to avoid any ambiguity between the network and the UE because the switching gap durations might be different considering which of the two scenarios is assumed. In our view, the baseline condition should be that at least the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances. One example scenario is illustrated in Figure 1.
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Figure 1: Illustration of switching case A+B->C+D triggered by two DCIs
Proposal 3: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the baseline requirements should be that the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances

Furthermore, to ensure that the baseline condition is met, one possibility in terms of triggering timeline can be considered. The possibility could be specified in terms of when the second DCI triggering the UL Tx switching is received by the UE. Essentially, it should be at least received before T0 – Toffset to allow for UE to determine the switching gap duration. Otherwise, UE might already start the switching process for the first UL Tx switching trigger and therefore, the second trigger then needs to be considered as separate switching instance. A time duration “Tadd” could be specified, which can be a UE capability. Basically, the end of second DCI should be received no later than T0 – Toffset - Tadd.

Proposal 4: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the end of second DCI triggering the UL Tx switching should be received by UE no later than T0 – Toffset - Tadd, where Tadd can be reported as a UE capability value.

UL Tx switching gap for PUCCH with HARQ-ACK
In RAN1#111, there has been discussion on Rel-16 maintenance issued for UL Tx switching gap for PUCCH with HARQ-ACK and following agreement has been made for the conclusion in Rel-16 and CR in Rel-17 [2]:

Conclusion:
if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling PDCCH and switching gap (Tswitch) is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling PDCCH to the first symbol of the PUCCH with HARQ-ACK corresponding to the PDSCH scheduled by this PDCCH is equal or longer than the combined duration of Tswitch and Tproc,1 

In our view, same issue will happen in Rel-18 as well, therefore, similar agreement can be made for Rel-18 UL Tx switching as well.
Proposal 5: For Rel-18 UL Tx switching, if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling PDCCH and switching gap (Tswitch) is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling PDCCH to the first symbol of the PUCCH with HARQ-ACK corresponding to the PDSCH scheduled by this PDCCH is equal or longer than the combined duration of Tswitch and Tproc,1 

Conclusion
In this contribution, we have discussed our views on UL Tx switching enhancements for more than 2 bands and have provided following observations/proposals:



Observation 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), there seems to be contradictory agreement made between RAN1 and RAN4:
· According to RAN1 agreement, if associated band for band C is band D, then both band A and band B will need to switch.
· According to RAN4 agreement, only one of two bands A and B shall switch to C

Proposal 1: For the UL Tx switching case A(1Tx) + B(1Tx) -> C(1Tx), the baseline/default capability is that only one of the two bands need to switch
· Optional UE capability can be reported for associated band support

Proposal 2: For the switching case A(1Tx) + B (1Tx) -> C(1Tx), if UE doesn’t support associated band capability, then switching period should be used to determine which one of the two initial bands switch to band C,  for example, if switching gap for A -> C  is longer than the switching gap for  B-> C, then A switches to C and B remains unchanged

Proposal 3: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the baseline requirements should be that the UE is able perform the switching simultaneously in a single switching period location (based on the two triggers), i.e. no two different switching period location should be required by UE to perform switching, otherwise, UE determines these two triggers of UL Tx switching as two different UL Tx switching instances

Proposal 4: For UL Tx switching case A(1Tx) + B(1Tx) ->  C(1Tx) + D(1Tx) triggered by two DCIs, the end of second DCI triggering the UL Tx switching should be received by UE no later than T0 – Toffset - Tadd, where Tadd can be reported as a UE capability value.

Proposal 5: For Rel-18 UL Tx switching, if UL Tx switching is triggered for PUCCH with HARQ-ACK by scheduling PDCCH and switching gap (Tswitch) is reported by the UE, then gNB scheduling ensures that the duration from the last symbol of the scheduling PDCCH to the first symbol of the PUCCH with HARQ-ACK corresponding to the PDSCH scheduled by this PDCCH is equal or longer than the combined duration of Tswitch and Tproc,1 
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