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1. Introduction
In RAN4 #105, a WF[1] has been agreed for R18 Tx switching for single-TAG. There are still some remaining issues requiring to continue discussion in this RAN4 meeting. RAN4 also discover the DL interruption issue due to mandatory simultaneous Rx/Tx operation for many band combos. In this contribution we continue the discussion on these issues.
2. Discussion
2.1 Single-TAG
Sub-topic 1-1: Exact value of switching period for Tx switching across 3/4 bands
Issue 1-1-1: Exact value of Tx switching period
The agreed WF[1] during RAN4#105 is copied below,
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.
· [bookmark: _Hlk121844952]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 our view, Option 2 covers Option 1 and is not contradicting to Option 1. For a Rel-18 designed UE which supports Tx switching among 3 or 4 bands, the number of concurrent transmissions is still 2, i.e., the actual Tx switching still happens in a band pair besides a band pair swapping. The switching period between one band pair depends on hardware configuration thus the same switching period could be expected as that when operating under previous releases environment, therefore, we suggest to merge the two options as below,
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 as the switching period for the UE under 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.
–	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.
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
For the enhancement, a new signaling to indicate the optional UE capability would be required and there are options left in WF[1] for further discussion:
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:
· [bookmark: _Hlk126229734]Option 1a: per band pair per BC
· [bookmark: _Hlk121915180]Option 1b: per band per band pair per BC
· Other options are not precluded
Before we conclude the granularity options, we need to clarify the meaning on “band pair”. In R-16/R-17 Tx switching, since it only involves two bands, the bands of transmit band pair would be same as the bands of band pair under switching. But in Rel-18 Tx switching, since it involves 3 or 4 bands and the number of maximum uplink transmission chain is up to two that implies two bands. The “transmit band pair” could be different with the “band pair under switching” For example, if UE reports supporting uplink transmit band pair(combo) A+B, C+D. Then if Tx switching is configured from A+B to C+D, the “band pair under switching” could be A+C/B+D or A+D/B+C. In this sub-topic discussion, it is a three band Tx switching since one Tx band(chain) is kept unchanged. Then the “band pair under switching” would be A+A/B+C. To indicate the unchanged Tx band that is capable to transmit within the BC since one band can be used for different UL CA band pairs that in some case the band would not be able to transmit. Per band per BC can be considered here. If the advance UE capability is extended to four band Tx switching case, per “band pair under switching” per BC seems to be a better choice
Observation 1: In R-18 Tx switching, the meaning of “band pair” need to be further clarified and indicated as two meanings below,
a. Transmit band combo
b. Per Tx chain band pair: Bands before Tx switching and after switching bands on same Tx chain
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Proposal 2: For the unchanged Tx chain that is capable to transmit during switching period, the granularity of optional UE capability is proposed as option 1a with clarification: per “TX chain band pair” per BC
Issue 1-2-3: Ambiguity issue when two Tx chains are switched between two different band pairs
Before we continue discuss issue 1-2-2 in WF[1], it is better to think about how to solve the ambiguity issue raised by RAN1 LS first. The agree WF[1] provides a simple approach to blank transmission with maximum reported switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}, though this may lead to unnecessary performance loss. It may be possible for advanced UE be capable to transmit on the earlier done switching Tx chain with observation 1 if the ambiguity issue can be solved without or minimum additional signaling overhead. If the switching configuration can be represented in order of switching bands for example, a band pair “Band B+A” is configured, this implicitly indicate Band B is at Tx chain #1, Band A is at Tx chain #2. Under such representation, if Tx switching is configured from “B+A” to “C+D”, it means exactly that in Tx chain #1, Band B uplink is switched to Band C, and in Tx chain #2, Band A is switched to Band D. With such representation, blanking max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} would not be required. In this way, the 
ambiguity is resolved without any additional signaling overhead. And compared with the current solution where a maximum value of switching periods, there is a system performance gain because less blank in time domain is required for the switching.
Proposal 3: The order of switching configuration either via downlink control information (DCI) or radio resources management (RRM) commands represents the mapping of Tx switching bands. An example is illustrated below, RAN4 send an LS to RAN1/2 for the idea to solve ambiguity
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In [2], an observation was provided when there’s no harmonic frequency or close proximity relationship between the Tx chain unchanged due to switching and Tx chain of switched band pair and no shared hardware resource, UL transmission on the band with the number of Tx chain unchanged is possible during UL switching. This was agreed in WF [1], where the agreement states that the unchanged Tx chain can be allowed to transmit during switching period as long as there’s no impact on the unchanged Tx chain due to switching on the other Tx chain. Intuitively the same justification can be further extended to the scenario when there are two Tx switching band pairs with different switching period where one of the switching pairs has a shorter period which enables to transmit data after switching.
Observation 2: When there’s no harmonic frequency or close proximity relationship between the two Tx band pairs for switching operation where one TX band pair has a shorter switching period or finish switching earlier and there’s no shared hardware resource between the two band pairs for TX switching, UL transmission on the band is possible where its switching is finished earlier.
Observation 3: With clear indication on two Tx chain switching configuration in proposal 3, for advanced designed UE, it may be possible to start transmitting on the Tx chain which has shorter switching period.
Proposal 4: In addition to default behaviour, neither of the two Tx chains is expected to be used for transmission during the switching periods, advanced UE may have ability to transmit on the Tx chain with shorter switching period. 
Proposal 5: For Tx chains are switched between two different band pairs with different lengths of switching periods, 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)
Another possibility for advanced UE capability reporting is per BC based to accommodate complexity of signaling structure design, but this may kill UEs capable on partial transmit on the Tx chain with shorter period thus this approach is not recommended.
Sub-topic 1-4: Applicability of DL interruption
It was found some concerns regarding DL interruption due to fast grow up on the band combos supporting simultaneous Rx/Tx operation. The need for DL interruption happens when the switching Tx band pair has impact on the downlink receiving signal. For example, if there’s X dB MSD on the Rx path after Tx switching, the SNR would be degraded dB by dB relationship as illustrated then the DL interruption would be required.
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Figure 1. DL SNR degradation due to MSD mechanisms
Observation 3: DL interruption would be required when there’s MSD happen on DL receiving chain after Tx switching regardless the duplex mode of the band combos
Issue 1-4-2: Issues of different band pairs having different capabilities of DL interruption
Way forward:
· 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.
With observation 1, in Rel-16/Rel-17 the DL interruption only consider DL bands which are same as Tx bands under switching, however in Rel-18 Tx switching, since it involves 3 or 4 bands, the granularity of DL interruption may need to be considered in a different way. So the concept on “legacy fallback approach” may  be applicable here. Only when all fallback combinations support “no DL interruption” can the higher order combo be capable for no DL interruption.
Proposal 6: Only when all fallback combinations support “no DL interruption” can the higher order combo be capable for no DL interruption. Capability on fundamental combination composed with two bands applies to its higher order configurations.
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.
As previous discussion on mechanism for DL interrption, for TDD+TDD band combos, if it is scheduled with the same UL-DL pattern, there’s no need for DL interruption. However, for a band combo that requires mandatory simultaneous Rx/Tx capability, DL interruption shall be allowed since “same UL-DL pattern” does not hold. As for TDD+SUL, the same UL-DL pattern is not applicable when UL is switched to SUL band which means that for the TDD+SUL combo supporting mandatory simultaneous Rx/Tx, DL interruption shall also be allowed when there’s MSD happens. So whether the combo requires mandatory simultaneous Rx/Tx capability shall also be considered in Rel-18 Tx switching discussion.
Proposal 7: For TDD+SUL combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed during switching period of NUL switched to SUL when there’s MSD on DL path for the scheduled UL configuration.
Proposal 8: For TDD+TDD combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed when there’s MSD on DL path for the scheduled UL configuration.

3. Conclusion
Sub-topic 1-1: Exact value of switching period for Tx switching across 3/4 bands
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 as the switching period for the UE under 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.
–	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.
Observation 1: In R-18 Tx switching, the meaning of “band pair” need to be further clarified and indicated as two meanings below,
a. Transmit band combo
b. Per Tx chain band pair: Bands before Tx switching and after switching bands on same Tx chain
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Proposal 2: For the unchanged Tx chain that is capable to transmit during switching period, the granularity of optional UE capability is proposed as option 1a with clarification: per “TX chain band pair” per BC
Proposal 3: The order of switching configuration either via downlink control information (DCI) or radio resources management (RRM) commands represents the mapping of Tx switching bands. An example is illustrated below, RAN4 send an LS to RAN1/2 for the idea to solve ambiguity
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Observation 2: When there’s no harmonic frequency or close proximity relationship between the two Tx band pairs for switching operation where one TX band pair has a shorter switching period or finish switching earlier and there’s no shared hardware resource between the two band pairs for TX switching, UL transmission on the band is possible where its switching is finished earlier.
Observation 3: With clear indication on two Tx chain switching configuration in proposal 3, for advanced designed UE, it may be possible to start transmitting on the Tx chain which has shorter switching period.
Proposal 4: In addition to default behaviour, neither of the two Tx chains is expected to be used for transmission during the switching periods, advanced UE may have ability to transmit on the Tx chain with shorter switching period. 
Proposal 5: For Tx chains are switched between two different band pairs with different lengths of switching periods, 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)
Observation 3: DL interruption would be required when there’s MSD happen on DL receiving chain after Tx switching regardless the duplex mode of the band combos
Proposal 6: Only when all fallback combinations support “no DL interruption” can the higher order combo be capable for no DL interruption. Capability on fundamental combination composed with two bands applies to its higher order configurations.
Proposal 7: For TDD+SUL combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed during switching period of NUL switched to SUL when there’s MSD on DL path for the scheduled UL configuration.
Proposal 8: For TDD+TDD combos, if the combo requires mandatory simultaneous Rx/Tx capability, DL interruption is allowed when there’s MSD on DL path for the scheduled UL configuration.
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