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1. Introduction
In RAN4 #105, 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  Exact value of switching period for Tx switching across 3/4 bands
Exact value of Tx switching period
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, 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.

As discussed in the previous meetings, 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 behaviour 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.
Proposal 1: For the exact value of Tx switching period for each band pair, we support option 1, i.e.,
· 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.

1Tx-1Tx switching scenario
One scenario to be further clarified is the 1Tx-1Tx switching scenario, i.e., the number of Tx chain is 1 for both bands before and after switching. The following agreement regarding the number of Tx chains or UL transmission ports was reached in RAN1 #111 meeting [3].
RAN1 #111 agreement
There is no restriction on number of bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands.
· It is up to UE capability to support 2 ports UL transmission on none/some/all of the 3 or 4 bands
· Note: UE with only 1 Tx chain is not expected to perform UL Tx switching (no spec impact)
According to the above agreement and other RAN1 agreements on the switching cases, it is possible to conduct 1Tx-1Tx switching between 2 bands out of the 3/4 bands, especially when the 2 bands are both capable of only 1 Tx chain and 1 antenna port.
In RAN4 #104e meeting, we reached the following agreement on the length of switching period for each band pair [4]:
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
So, the scenario of 1Tx-1Tx switching between 2 bands out of the 3/4 bands is not explicitly covered by the previous RAN4 agreement. In our understanding, with only 1 of the 2 Tx chains switched between 2 bands, the switching behaviour of 1Tx-1Tx switching and 1Tx-2Tx switching between 2 bands are similar, and thus the length of switching period is the same.
Observation 1: According to RAN1 agreement, it is possible to conduct 1Tx-1Tx switching between 2 bands out of the 3/4 bands (i.e., the number of Tx chain is up to 1 for both bands before and after switching).
Observation 2: RAN4 agreed that the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17. The switching period for 1Tx-1Tx switching is not explicitly considered in the previous RAN4 discussion.
Proposal 2: Since the switching behaviour of 1Tx-1Tx switching and 1Tx-2Tx switching between 2 bands are similar, it is proposed to apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching.

Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Another issue is on the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching. When we discussed the 2Tx-2Tx switching in Rel-17, it was agreed that [5]:
For UE supporting 2Tx-2Tx switching, it means that the UE supports 1Tx-2Tx as well. In the case that UE only reports the capability for 2Tx-2Tx switching, the same switching time can also be applied to 1Tx-2Tx switching.
For Rel-18 Tx switching across more number of bands, the fallback relationship with the Rel-16/17 switching should be considered. In our view, for a band pair within a band combination supporting Rel-18 Tx switching among 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported.
Observation 3: For Rel-17 UE supporting 2Tx-2Tx switching in a band pair of a band combination, the UE supports 1Tx-2Tx switching for that band pair as well.
Proposal 3: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported.

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 way forward was agreed in the last meeting:
· 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.

For the granularity of the optional UE capability, in general we are ok with the option 1b to allow more flexibility for different bands. In addition, it was mentioned in the last meeting that, during the UL switching period, UL transmission on the two bands involved in the switching should not be expected. So, option 1b should be further updated to avoid potential confusion, and we propose to define the granularity as per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
For example, for band combination of n1+n2+n3,
· For band pair n1+n2 in the band combination, UE report whether UL transmission on n3 is allowed when Tx switching between n1 and n2 is conducted.
· For band pair n1+n3 in the band combination, UE report whether UL transmission on n2 is allowed when Tx switching between n1 and n3 is conducted.
· For band pair n2+n3 in the band combination, UE report whether UL transmission on n1 is allowed when Tx switching between n2 and n3 is conducted.
Proposal 4: For the band with the number of Tx chain unchanged due to switching (i.e., one Tx chain is maintained on the band), the granularity of optional UE capability to allow UL transmission on the band during UL switching is: per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.

2.2.2  Issue of two Tx chains switched between two different band pairs
The following way forward was agreed in the last meeting:
· 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 this scenario, the UE behavior during the time duration of (Tswitch_2 - Tswitch_1) is similar with the UE behavior discussed in section 2.2.1, and thus we support option 1 to allow advanced UE ability.
For the granularity of the optional UE capability, we have the same proposal as in section 2.2.1, i.e., per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
So, with the same optional UE capability and the same granularity introduced for the two issues in section 2.2.1 and 2.2.2, one question is whether the same UE capability or two different UE capabilities should be considered. Our preference is to apply the same UE capability to the scenarios/issues in section 2.2.1 and 2.2.2.
Proposal 5: 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):
· 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).
· The granularity of optional UE capability is per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
· The same UE capability applies to the scenarios discussed in proposal 4 and 5.

2.3  Applicability of DL interruption
2.3.1  Issues of different band pairs having different capabilities of DL interruption
The following issue was captured in the WF:
· Further discuss in the next meeting that:
· RAN4 clarify applicability of DL interruption when different band pairs have different capability of DL interruption and Tx switching is performed for both band pairs simultaneously.

For DL interruption, as we agreed in previous meeting, if different capabilities for with and without DL interruption are introduced, the UE capability is defined as per band per band combination for each band pair supporting UL Tx switching. So, for two band pairs conducting Tx switching across the same time, if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs.
Proposal 6: For two band pairs conducting Tx switching across the same time, if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs. 

2.3.2  DL interruption for combinations of SUL+TDD and TDD+TDD CA band combinations
The following way forward was agreed in the last meeting:
· 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.

For the first bullet, based on the discussion in the last meeting, one company has strong concern on option 1 considering the difficulty/risk from UE implementation perspective. To move forward, we can accept option 2.
For the second bullet, considering the text in [], we prefer to use “with the same UL-DL pattern”. In some scenarios, even simultaneous Rx/Tx requirement are mandatory for some band combinations, simultaneous Rx/Tx is not happened when the same UL-DL pattern is configured for different bands. So, we think it is more accurate to use “with the same UL-DL pattern”.
Proposal 7: 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) is preferred, and option 2 (whether to mandate no DL interruption can be discussed per band combination basis) is acceptable to move forward.
Proposal 8: For synchronized CA among 3 or 4 TDD band(s) with “the same UL-DL pattern” across all TDD bands, DL interruption is not 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 the exact value of 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, i.e., 
· 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.
Observation 1: According to RAN1 agreement, it is possible to conduct 1Tx-1Tx switching between 2 bands out of the 3/4 bands (i.e., the number of Tx chain is up to 1 for both bands before and after switching).
Observation 2: RAN4 agreed that the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17. The switching period for 1Tx-1Tx switching is not explicitly considered in the previous RAN4 discussion.
Proposal 2: Since the switching behaviour of 1Tx-1Tx switching and 1Tx-2Tx switching between 2 bands are similar, it is proposed to apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching.
Observation 3: For Rel-17 UE supporting 2Tx-2Tx switching in a band pair of a band combination, the UE supports 1Tx-2Tx switching for that band pair as well.
Proposal 3: For a band pair within a band combination supporting Rel-18 Tx switching across 3/4 bands, if 1Tx-2Tx switching or 2Tx-2Tx switching is supported for the band pair, Rel-16/17 1Tx-2Tx switching or 2Tx-2Tx switching operation with the two bands in the band pair configured should also be supported.

For the impact from switching of one Tx chain on the other Tx chain:
Proposal 4: For the band with the number of Tx chain unchanged due to switching (i.e., one Tx chain is maintained on the band), the granularity of optional UE capability to allow UL transmission on the band during UL switching is: per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
Proposal 5: 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):
· 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).
· The granularity of optional UE capability is per band (only for the band(s) not included in the band pair involved in the switching) per band pair per BC.
· The same UE capability applies to the scenarios discussed in proposal 4 and 5.

For the applicability of DL interruption:
Proposal 6: For two band pairs conducting Tx switching across the same time, if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs.
Proposal 7: 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) is preferred, and option 2 (whether to mandate no DL interruption can be discussed per band combination basis) is acceptable to move forward.
Proposal 8: For synchronized CA among 3 or 4 TDD band(s) with “the same UL-DL pattern” across all TDD bands, DL interruption is not required.
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