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1. Introduction
In RAN4 #104e-bis, the LS on Rel-18 UL Tx switching was approved in [1], and the WF on Rel-18 UL Tx switching with single TAG was approved in [2]. 
This contribution discusses the open issues for UL Tx switching across 3/4 bands with single TAG.
2. Tx switching across 3 and 4 bands with single TAG
2.1  Switching period for Tx switching across 3/4 bands
The exact value of Tx switching period has not been decided, the following candidate options are under consideration:
For the exact value of Tx switching period for each band pair, further discuss the following options:
· 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

As discussed in the last meeting, we support option 1. In our view, for Rel-18, although the number of configured bands is increased to be 3 or 4, the Tx switching is still conducted between 2 bands for each switching occasion, with the same UE switching behavior as in Rel-16/17. Option 2 allows a different and larger value of switching period for the same band pair, and thus is not preferred.
Meanwhile, given the tight timeline of the WI, we are fine to compromise to option 3.
Proposal 1: For the exact value of Tx switching period for each band pair, we support option 1, and can accept option 3 to move forward.

2.2  Impact from switching of one Tx chain on the other Tx chain
2.2.1  Impact on the band with the number of Tx chain unchanged due to switching
The following options were captured in the WF:
· 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:
· 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.

When one Tx chain is switched between two bands, we are not technically convinced why the UL transmission on other band(s) should always be impacted. If the impact on other band(s) always exists, in the real network, the UL transmission on other band(s) will be interrupted when nothing happens on their own band(s). It will bring system performance degradation as well as network scheduling restriction.
The option 1 is just to allow the advanced implementation in some UEs based on UE’s capability reporting, and should be accommodated in the specification.
For the granularity of the advanced UE capability, per band per band pair per BC capability was mentioned by two companies in the last meeting. We are fine with the per band per band pair per BC capability.
[bookmark: _GoBack]Proposal 2: 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, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged during UL switching (i.e., option 1). The optional UE capability can be signaled per band per band pair per BC.

2.2.2  Issue of two Tx chains switched between two different band pairs
The following options were captured in the WF:
· 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. 

For the case with two Tx chains switched between two different band pairs, following the discussion in section 2.2.1, we are supportive of introducing the advanced optional UE ability.
Proposal 3: For the case with two Tx chains switched between two different band pairs, advanced optional UE ability should be considered.

2.3	 RAN4 RF requirements
Considering the RAN4 RF requirements to be defined, the following agreements were reached in the last meeting:
· Following Rel-16/17 approach, common switching time mask requirements for “switched UL” case and “dual UL” case are to be defined.
· Further discuss whether to define additional requirements for CA option 2, by considering the switching cases to be introduced in RAN1.

For the common switching time mask requirements for “switched UL” and “dual UL” cases, considering that the length of switching period is applied per band pair for each band combination, we think it is feasible to define the switching time mask requirements per band pair per band combination, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination.
For CA option 2, we propose to define additional switching time mask requirements to cover the cases with two Tx chains switched between two different band pairs. More specifically, define additional switching time mask requirements for the following scenarios:
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.
Proposal 4: For the common switching requirements for “switched UL” and “dual UL” cases, define the time mask requirements per band pair per band combination, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination.
Proposal 5: For “dual UL”, define additional switching time mask requirements to cover the cases with two Tx chains switched between two different band pairs, i.e.,
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands with concurrent UL transmission supported on at least two band pairs, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.

2.4  Applicability of DL interruption
The following was agreed in the last meeting:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
Further discuss in the next meeting:
· For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, whether or not DL interruption on the SUL and TDD bands is required.

For SUL+TDD+FDD combinations, we support to mandate no DL interruption on the SUL and TDD bands when Tx switching is conducted between SUL and TDD bands.
Proposal 6: For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, no DL interruption on the SUL and TDD bands is required.
3. Conclusions
In this contribution, we had the following observations and proposals for Tx switching across 3 and 4 bands with single TAG:
For switching period for Tx switching across 3/4 bands:
Proposal 1: For the exact value of Tx switching period for each band pair, we support option 1, and can accept option 3 to move forward.

For the impact from switching of one Tx chain on the other Tx chain:
Proposal 2: 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, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged during UL switching (i.e., option 1). The optional UE capability can be signaled per band per band pair per BC.
Proposal 3: For the case with two Tx chains switched between two different band pairs, advanced optional UE ability should be considered.

For RAN4 RF requirements:
Proposal 4: For the common switching requirements for “switched UL” and “dual UL” cases, define the time mask requirements per band pair per band combination, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination.
Proposal 5: For “dual UL”, define additional switching time mask requirements to cover the cases with two Tx chains switched between two different band pairs, i.e.,
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands with concurrent UL transmission supported on at least two band pairs, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.

For the applicability of DL interruption
Proposal 6: For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, no DL interruption on the SUL and TDD bands is required.
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