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1. Introduction
In RAN4#106 meeting, significant progress has been made in [1][2][3]. In the contribution, we further discuss the left open issues on Rel-18 multi-carrier with single TAG.
2. Discussion
2.1. The backward compatibility of Rel-18 Tx switching
In the discussion of Rel-17 [4], RAN4 informed RAN1 and RAN2 that 
	RAN4 answer:  
For UL Tx switching in a band pair of a band combination, the set of candidate switching time for 2Tx-2Tx switching is the same as that for 1Tx-2Tx switching, i.e., the same set of {35us, 140us, 210us}. 
The exact reported value of switching time for a band pair of a band combination can be different for 2Tx-2Tx switching and 1Tx-2Tx switching.
Meanwhile, 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.


[bookmark: _Ref130637626]Observation 1: Rel-17 2Tx-2Tx switching operation is compatible to Rel-16 1Tx-2Tx switching. 
The switching pattern in Rel-18 Tx switching among 3/4 bands includes 1Tx-2Tx as specified in Rel-16, 2Tx-2Tx as specified in Rel-17, and 1Tx-1Tx. In RAN4#106[3], it was agreed that 1Tx-1Tx switching apply the same length of switching period for 1Tx-1Tx switching and 1Tx-2Tx switching. Thus for the UE supporting Rel-18 Tx switching, it supports 2Tx-2Tx and 1Tx-2Tx as well. 
[bookmark: _Ref130637653]Proposal 1: To get the backward compatibility in Rel-18, for the UE supporting Rel-18 Tx switching, it supports 2Tx-2Tx and 1Tx-2Tx as well.
2.2. Impact on the band with Tx chain unchanged due to switching 
One novel switching pattern in Rel-18 Tx switching is that one Tx chain is unchanged in one band while the other chain performs switching. In this case, the baseline assumption and advanced capability were introduce. It was agreed that 
	Issue 3: Impact from switching of one Tx chain on the other Tx chain
Scenario of one band with the number of Tx chain unchanged due to switching
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” or “band D” in the case of 4-band) and the number of Tx chain on band C or band D is unchanged due to the switching, RAN4 agreed the granularity of the optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged during UL switching as follows: 
· Per band (only for the band(s) in the band combination but not included in the pair of bands before and after switching) for each pair of bands before and after switching in each band combination.


Although the title is ‘Scenario of one band with the number of Tx chain unchanged due to switching’, it was clear in the description of the scenario that it refers to “the other Tx chain is maintained on a different band”. In other word, the band pair of switched-from and switched-to is band A+B, and band C is not involved in the switching behavior. Band C is the band with Tx chain unchanged due to switching.
[bookmark: _Ref130637679]Observation 2: In the scenario of one band with the number of Tx chain unchanged due to switching, the band pair of switched-from and switched-to is band A+B, and band C is not involved in the switching behavior. Band C is the band with Tx chain unchanged due to switching.
However, in Qualcomm’s paper [5], there was a distorted interpretation of the scenario. 
	An other case when only one TX switching event between two bands in the presence of a third band may need more time is when there is an ongoing transmission on an unaffected band.  
[image: ]
Figure. Transmission on unaffected band causes longer switching time


Actually in the example, it is not only one Tx switching for A+B to C+B with such UE architecture even though band B is the common band in the switching operation. The band pair in switching is A->B and B->C given that band AB share TX0 and band BC share TX1. Band B is not the ‘unaffected band’. Besides, in the reported capability of band pairs supported by Rel-18 Tx switching, the UE would report band pair AB and BC rather than AC considering the UE is not able to switch between A and C directly. Besides, for the band B that can be connected with TX0 and TX1, it is shown in the diagram that separate PAs are used to perform ramping up on PA1 and ramping down on PA2 simultaneously. Therefore, UE does not need more time to switch band B PAs. 
In this case, the following conclusion in [6] can be applicable. And the capability supported in Rel-16/17 for band pair AB and band pair BC can be reused.
	Issue 1-2A: 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, 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


[bookmark: _Ref130637713]Proposal 2: For the two band pairs switching with one common band, e.g., band pair A+B and band pair B+C, the band B is involved in switching event and it is not the unaffected band. 
· The conclusion that ‘neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods’ should be reused
2.3. Two Tx chains switched between two band pairs
Two Tx chains switched between two band pairs is a complicated case with multiple scenarios that needs to be analyzed. Some of RAN#1’s conclusions and clarifications are helpful to the discussion of switching.
Scenario #1: The time between the end of the UL transmissions on the switch-from bands and the start of the UL transmissions on the switch-to bands is longer than the switching period for both the band pairs. 
According to the agreement in Feb RAN1 meeting, the uplink transmissions would not be interrupted by switching period because it is up to UE’s flexibility to perform Tx switching during the time of no UL transmission allocated. It doesn’t matter which band the switching period location is on, and the time mask is not required in this scenario.
[image: ]
Figure 1. The time of no UL transmission allocated is longer than switching period
	Agreement
· If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period,
· The time of no UL transmission allocated absorbs the switching period
· Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on the switch-to carrier) are interrupted by the switching period.
· The setting of uplinkTxSwitchingPeriodLocation has no impact.


[bookmark: _Ref130637753]Observation 3: It is not required to specify the time mask when the time of no UL transmission allocated after the UL transmission on the switch-from band and before the UL transmission on the switch-to band is longer than the switching period. 
Scenario #2: The time of no UL transmission allocated is shorter than switching period and the start of the UL transmissions on the switch-to bands is aligned in time domain. 
Based on the agreement in the last RAN1 meeting, the switching period location is not with the highest priority band. For example, the switch-from bands are band A and band C, the switch-to bands are band B and band D. If the configured priorities for the bands are A>B>C>D, the switching period location should not be on band A, but on band B and band D as illustrated in Figure 2. 
	Agreement
Alt.5: gNB configures priorities to each carrier/band.
The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.



[image: ]
[bookmark: _Ref130485889]Figure 2. The time of no UL transmission allocated is shorter than switching period
[bookmark: _Ref130637776]Observation 4: For two Tx chains switched between two different band pairs, e.g., A+C -> B+D, the sw period lies in either switch-from bands or switch-to bands that are not with the highest priority band. 
Scenario #3: The time of no UL transmission allocated is shorter than switching period and the start of the UL transmissions on the switch-to bands are not aligned in time domain.
[image: ]
Figure 3
For this scenario, we first refer to TS38.214 on the timing of DCI scheduling, uplink switching and the uplink transmission starting at T0.
	TS38.214 section 6.1.6 Uplink switching
…
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].



One interpretation is shown in Figure 4 that the scheduled uplink transmission after switching to band B starting at T0, and the transmission on band D is scheduled by UL grant#2 that is after T0-Toffset of UL grant#1. The Tx switching before T0 on band B at band D is not allowed as twisted-order scheduling. This is an error case also in the following reasons:
· The switching is only applicable to the assumption that banc C is with the highest priority that is not affected. If band A is with the highest priority, the switching should be performed at symbol#7, as well as the T0, for both band B and band D, as illustrated in Figure 5. And also the symbol#6 on band A is also included in the reserved switching period, results in the switching period lying on both switch-from band and switched-to band for the band pair AB, which is conflicted with the convention of switching period location.
· If the Tx chain shared by band A and band B perform switching at symbol#7 in band B, and the other Tx chain performs switching at symbol#6 in band D, there are two uplink switching in a slot, which is conflict with the restriction in TS38.214: The UE does not expect to perform more than one uplink switching in a slot.
[image: ]
[bookmark: _Ref130494651]Figure 4 Illustration of twisted-order schedulingswitching for Scenario#3
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[bookmark: _Ref130495659]Figure 5 Illustration of an switching for Scenario#3
[bookmark: _Ref130637805]Proposal 3: T0 is the scheduled starting of UL transmission by gNB even though the transmission on some of the symbols is impacted by switching period, and T0 is not required to be specified in the time mask.
In RAN4#106, one company proposed to consider the case that when two band pairs perform Tx switching, neither of the starting points nor the ending points of sw period#1 and sw period#2 are aligned in time domain, which results in the union of both the sw periods longer than any of them[7].
	The Figure 1 shows when UE is expected to transmit on a band in the event of a switching on an other band pairs. It also shows how the transient should be placed.  
[image: ]
Figure. in [7]



	TS38.214 section 6.1.6 Uplink switching
…
The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap. 



RAN4 has sent the LS to RAN1 about the issue. We expect RAN1 provide the analysis from the perspective of the UE’s signaling and channel timing and typical behavior in physical layer. 
From our point of view, after the UE receives and completes the process of both the UL grants to the UL transmission on the switch-to bands during the UE preparation time, it will execute the 2Tx chains switching at the same time as one switching event. In other words, the two switching for the Tx chains are in parallel after the decision of the received scheduling signaling instead of in serial. And the partial overlapped switching periods and back to back switching periods shown in the Figure. in[7] does not exist.
[bookmark: _Ref130821498][bookmark: _Ref130843206]Observation 5: The UE does not expect to perform more than one uplink switching in a slot since Rel-16.
[bookmark: _Ref130821505]Observation 6: The partial overlapped switching periods and back-to-back switching periods shown in [7] are not allowed since Rel-16.
[bookmark: _Ref130637845]Proposal 4: The switching for the two Tx chains are in parallel after the decision of the received scheduling signaling instead of in serial.
The time mask for two Tx chains switched between two band pairs should be considered as Figure 6, and Figure 7 if the optional capability is introduces.
[image: ]
[bookmark: _Ref130566119]Figure 6 Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]
[image: ]
[bookmark: _Ref130566133]Figure 7 Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]

Besides, unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching.
[bookmark: _Ref130637853]Proposal 5: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching.
2.4. Switching time for two band pairs switching
In the discussion of Rel-17 including 2Tx-2Tx with 2 Tx chains switching, the set of switching periods is the same as in Rel-16 1Tx-2Tx with 1 Tx chain switching, which is {35us, 140us, 210us}. 
For Rel-17 2Tx-2Tx switching, e.g., 2 Tx in band A-> 2 Tx in band B, there are two possible behaviors of the UE.
a. The two Tx chains are switched simultaneously. After both the Tx chains switched to band B, the two ramp up in band B happens at the same time. 
b. The two Tx chains are switched one by one. In detail, the two ramp up in band B doubling the time.
Apparently, the range of the switching period set is large enough to cover both the possible behaviors in Rel-17 2Tx-2Tx switching, which is the same case for any band pair in Rel-18 Tx switching. In other words, the switching period set agreed in Rel-18 is sufficient to simultaneous TX switching of two chains. Thus no additional switching period value is required for Rel-18 switching within 2 band pairs. 
[bookmark: _Ref130637911]Observation 7: The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
[bookmark: _Ref130637927]Proposal 6: No additional switching period value is required for Rel-18 switching for 2 band pairs
2.5. Applicability of DL interruption
	Issue 1-3-2: 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”
· Whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner.
· Way forward 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”
· No consensus on whether to use ‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’, and it is recommended to discuss whether to mandate no DL interruption in a case by case (i.e., per band combination basis) manner.


In our view, Issue 1-3-2 should be discussed case by case considering simultaneous Rx/Tx. If we recognize the band combinations of TDD+TDD or TDD+SUL that needs to be analysis on DL interruption, it can be discussed in the basket of simultaneous Rx/Tx.
[bookmark: _Ref130637948]Proposal 7: Synchronized CA between SUL configuration and 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 can be discussed in the basket of Simultaneous Rx/Tx transmission in the case by case manner.

3. Conclusions
This contribution presents the following observations and proposals:
Observation 1: Rel-17 2Tx-2Tx switching operation is compatible to Rel-16 1Tx-2Tx switching.
Proposal 1: To get the backward compatibility in Rel-18, for the UE supporting Rel-18 Tx switching, it supports 2Tx-2Tx and 1Tx-2Tx as well.
Observation 2: In the scenario of one band with the number of Tx chain unchanged due to switching, the band pair of switched-from and switched-to is band A+B, and band C is not involved in the switching behavior. Band C is the band with Tx chain unchanged due to switching.
Proposal 2: For the two band pairs switching with one common band, e.g., band pair A+B and band pair B+C, the band B is involved in switching event and it is not the unaffected band.
· The conclusion that ‘neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods’ should be reused
Observation 3: It is not required to specify the time mask when the time of no UL transmission allocated after the UL transmission on the switch-from band and before the UL transmission on the switch-to band is longer than the switching period.
Observation 4: For two Tx chains switched between two different band pairs, e.g., A+C -> B+D, the sw period lies in either switch-from bands or switch-to bands that are not with the highest priority band.
Proposal 3: T0 is the scheduled starting of UL transmission by gNB even though the transmission on some of the symbols is impacted by switching period, and T0 is not required to be specified in the time mask.
Observation 5: The UE does not expect to perform more than one uplink switching in a slot since Rel-16.
Observation 6: The partial overlapped switching periods and back-to-back switching periods shown in [7] are not allowed since Rel-16.
Proposal 4: The switching for the two Tx chains are in parallel after the decision of the received scheduling signaling instead of in serial.
Proposal 5: Unnecessarily enlarging the switching period may cause the decline of the performance on Rel-18 Tx switching.
Observation 7: The switching period set agreed in both Rel-17 and Rel-18 is sufficient to simultaneous TX switching of two chains.
Proposal 6: No additional switching period value is required for Rel-18 switching for 2 band pairs
Proposal 7: Synchronized CA between SUL configuration and 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 can be discussed in the basket of Simultaneous Rx/Tx transmission in the case by case manner.
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