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1. Introduction
In last RAN4 meeting, requirements for UL Tx switching was discussed and way forward was approved in [1]. In this contribution, we discuss the left open issues and provide our views.
2. Discussion
Sub-topic 1-1: Exact value of switching period for Tx switching across 3/4 bands
Issue 1-1: Exact value of Tx switching period

Way forward:

For the exact value of Tx switching period for each band pair, select one of the two options in RAN4 #106:
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.

· 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 RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. 

· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.
In last meeting, whether the same switching period of Rel-16/17 for each band pair should be applied to Rel-18 was discussed but no consensus was reached. For Rel-18 UL Tx switching, since the switching is conducted between two band pairs, it should be no difference compared to Rel-16/Rel-17. From system performance perspective, it is not desirable to have larger period for UL switching across 3 or 4 bands.  

Hence, we support option 1 to reuse the same switching period for each band pair as UE reported in Rel-16/17.

Proposal 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.

–
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 RAN4 #104e.band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
Sub-topic 1-2: Impact from switching of one Tx chain on the other Tx chain
Issue 1-2-1: Impact on the band with the number of Tx chain unchanged due to switching
Way forward:

· For 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 (i.e., one Tx chain is maintained on the band) during UL switching.
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:

· Option 1a: per band pair per BC

· Option 1b: per band per band pair per BC

· Other options are not precluded
· Note: this optional advanced UE ability is not considered for the following case, as per the RAN4 #104e agreement

· The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B.

In last meeting, it was agreed to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged during UL switching. The granularity of the optional UE capability is FFS. Assume that UL Tx switching BC is band A+B+C, there may be two cases: if UE switch UL from A+B to B+C, one Tx chain on band B is unchanged, the other Tx chain on band A is switched to band C. In this example, UE will report “allow UL transmission” on band pair A+C in band combination A+B+C. Hence per band per BC UE capability report is enough in this case. However, if there are four bands in one BC, e.g. A+B+C+D, UE needs to indicate whether UL transmission is allowed on band C and band D individually when Tx chain change from band A to C. Hence, per band per band pair per BC UE capability report is needed when there are four bands.

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, the granularity of the optional UE capability is per band per band pair per BC. 
Issue 1-2-2: Issue of two Tx chains switched between two different band pairs

Way forward:

· When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), select one of the two options in RAN4 #106:
· Option 1: In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1)
· Further discuss the granularity of the optional UE capability:
· Option 1a: per band pair per BC
· Other options are not precluded
· Option 2: Do not introduce the advanced optional UE ability. 

For two Tx chains switched between two different band pairs, there is an ambiguity issue, 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}. 

In last meeting, it was agreed that baseline UE assumption is to 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}.
In this issue, if advanced optional UE capability is introduced, the ambiguity issue needs to be resolved first. UE needs to report the Tx chain switching behaviour, e.g.{from band A to C + B to D} or {from band A to D + B to C}. Then we need to consider whether this is a static UE implementation (e.g. in band combination A+B+C+D, UE’s Tx chains always switch from A to C, B to D). If the Tx chain switch behaviour can be changed for UE, then the UE capability report will become dynamic and cause more complexity.
Proposal 3: UE needs to report the Tx chain switching behavior in order to resolve the ambiguity issue when two Tx chains are switched between two different band pairs if the advanced optional UE capability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1) is introduced.
Sub-topic 1-4: Applicability of DL interruption
Issue 1-4-3: On previous agreements for combinations of SUL+TDD and TDD+TDD CA band combinations
Way forward:
· For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands:
· Option 1: DL interruption is not required
· Option 2: whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner.
· For synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands, DL interruption is not required.
Regarding the applicability of DL interruption, we would like to clarify that for band combination with mandatory support simultaneous Rx/Tx requirement, it does not mean that the UL-DL pattern is always different. For the same TDD bands, different operators may have different configurations. For some BCs, simultaneous Rx/Tx are mandatory because there is no implementation restriction to support it and also some operators have such deployment scenario. But since different operators have different configurations in their networks for the same bands, mandatory support simultaneous Rx/Tx does not mean the all the networks have different UL-DL pattern for such BC. Hence, the only matters is the UL-DL pattern used in the network instead of whether simultaneous Rx/Tx is mandatory.

For synchronized CA between SUL and TDD bands with the same UL-DL pattern, and synchronized CA among 3 or 4 TDD bands with the same UL-DL pattern, there is no DL transmission during the Tx switching. Hence, it is quite straightforward that DL interruption is not required. We do not see the necessity to further discuss this. If the TDD UL-DL patterns are not aligned, and DL transmission happens during the switching, DL interruption will be discussed in a case by case manner, just as what we did in previous releases.

Proposal 4: For the following cases that no DL transmission during the UL Tx switching, DL interruption is not required:

•
For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands
•
For synchronized CA among 3 or 4 TDD band(s) with the same UL-DL pattern across all TDD bands
3. Conclusion

In this contribution, we discuss the left open issues on UL Tx switching with single TAG and provide our views.

Proposal 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.

–
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 RAN4 #104e.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, the granularity of the optional UE capability is per band per band pair per BC. 
Proposal 3: UE needs to report the Tx chain switching behavior in order to resolve the ambiguity issue when two Tx chains are switched between two different band pairs if the advanced optional UE capability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1) is introduced.

Proposal 4: For the following cases that no DL transmission during the UL Tx switching, DL interruption is not required:

•
For synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands
•
For synchronized CA among 3 or 4 TDD band(s) with the same UL-DL pattern across all TDD bands
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