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1. Introduction
During last RAN1 meeting, the supported switching cases, details on the complexity reduction schemes and ambiguity issues of the dynamic switching mechanisms for Rel-18 multi-carrier UL Tx switching were discussed and several conclusions were arrived [1].
In this contribution, we will further discuss and share our views on the remaining issues on multi-carrier UL Tx switching schemes, including ambiguity issue on switching period location and restrictions of Tx switching for some special switching cases.
2. Discussion
2.1 Ambiguous issues on switching period location
As the switching capability is enabled across 3 or 4 bands for Rel-18 UL Tx switching, the switching cases of different band combination scenarios compared with Rel-16/17 become more complicated. One of the remaining issues on Rel-18 UL Tx switching mechanism is the ambiguity on switching period location switching state due to the increasing switching cases in Rel-18. 
In Rel-16/17, the location of switching period can be determined through RRC configuration for UL Tx switching between 2 bands within a band pair, and the RRC parameter uplinkTxSwitchingPeriodLocation is configured to TRUE or FALSE to indicate whether the location of switching period is configured in the corresponding uplink carrier. While for Rel-18, RAN4 has agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and further details for Rel-18 Tx switching are discussed in RAN1. 
Considering that more than one band pair can be configured simultaneously in Rel-18 UL Tx switching, multiple bands may be configured with switching period location as TRUE if reusing Rel-16/17 configuration only, which is not effective to determine the exact location of the switching period. Several possible alternatives of how to determine the certain band that the switching period is located on discussed in the last RAN1 meeting are listed below, which can be further discussed and down-selected [2]. 
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Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.


Alt.1 and Alt.2 both solve the ambiguity problem of switching period location based on the extension of Rel-16/17 semi-configuration. Regarding Alt.1, the switching period is located on the band with highest carrier frequency among the bands by default rule. However, this alternative may lead to some unexpected performance loss without taking into account other aspects, because the Tx switching performance is independent from the carrier frequency priority in different deployment scenarios.
For Alt.2, it is straightforward to determine the certain location of switching period based on the pre-defined prioritization among the configured bands. The priority list of bands is configured based on gNB determination by taking the performance gain and other conditions into account, e.g., the band that provides better performance can be configured with higher priority. Thus, we prefer Alt.2 to solve the ambiguity issue on switching period location, when more than one band are configured with switching period location as TRUE in the bands involved in a switching, the switching period can be located on the band with the lowest priority. 
While the other alternatives listed above are independent from the Rel-16/17 RRC configuration. Regarding Alt.3, it is possible that there are two bands in current transmission or two target bands in the next transmission considering the various switching cases of UL Tx switching across 3 or 4 bands. For example, assuming that the current transmission is 1 Tx transmission on band A and 1 Tx transmission on band B, and the next transmission is 2Tx chains on band C. If gNB configures “switching-from band” as switching period location, then the switching period can be located on both band A and band B. In this case, the ambiguity issue still exists when the “switching-from band” or “switching-to band” is not unique, and additional rules are needed to determine on which band the switching period is located. The switching period location determined per switching case in Alt.4 may require larger signalling overhead considering a large number of possible switching cases of UL Tx switching across 3 or 4 bands.
Proposal 1. For Rel-18 UL Tx switching, switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE.
2.2 Restriction on two UL Tx switching
It is agreed that the restriction of no more than one uplink switching within a reference slot should be maintained in Rel-18 UL Tx switching, and a separation time may be needed when two UL Tx switching results in UL transmissions on more than 2 bands within any two consecutive reference slots. The conclusion achieved in last RAN1 meeting is listed as below.
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· (working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


Besides, the impact from switching of one Tx chain on the other Tx chain and the ambiguity issue on how to determine the switching period length when two Tx chains are switched between two different band pairs has been discussed in RAN4, and the conclusion provided in RAN4 LS are shown as the following [3].
	Issue 1: Impact from switching of one Tx chain on the other Tx chain
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”) and the number of Tx chain on band C is unchanged due to the switching:
· In addition to the baseline UE assumption agreed in RAN4 #104e, RAN4 has agreed to 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.
Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and 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}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and 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}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.


There was some concern that the understanding of “one Tx switching” and “two Tx switching” and on which case to apply the RAN4 agreement should be clarified in the last RAN1 meeting. While from our perspective, if the starting time of the two transmissions after Tx switching are within a same slot, or the two UL transmissions are overlapped in time domain, the Tx switching should be performed as on Tx switching. Otherwise, if the two UL transmissions are completely non-overlapped, such as the gap between the two UL transmissions after switching is more than 1 slot, UE can perform two Tx switching for this case.
Considering RAN4 has agreed to 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. If two Tx chains are switched between two different band pairs and the two uplink transmissions after Tx switching are completely non-overlapped in time domain, compared to use the maximum of the four switching periods as the length of uplink switching gap, defining the case as two UL Tx switching and the switching gap of each UL Tx switching is determined based on separate switching period of the band pair may reduce some UL interruption time for the victim band. Thus, the conclusion of determining the switching gap based on the maximum switching period is only applicable to the case of “one Tx switching”.
For example, assuming switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, if the UL transmission on band C and D after switching is overlapped in time domain, then the switching gap is determined by the maximum switching period, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. If the UL transmission on band C and D are totally non-overlapped after switching, then two Tx switching can be performed by UE, and the switching gap can be determined based on the switching period configured for each Tx switching independently.
Proposal 2. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, it is considered as one Tx switching if the two UL transmissions after switching are overlapped in time-domain, and the switching gap is determined based on the maximum of the switching periods. 
3. Conclusions
In this contribution, remaining issues on multi-carrier UL Tx switching mechanism are discussed, and the following proposals are made.
Proposal 1. For Rel-18 UL Tx switching, switching period location is configured per band pair, and the priority list of bands is also configured
· [bookmark: _GoBack]If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE.
Proposal 2. For Rel-18 UL Tx switching for 3 or 4 bands, when two Tx chains are switched between two different band pairs, it is considered as one Tx switching if the two UL transmissions after switching are overlapped in time-domain, and the switching gap is determined based on the maximum of the switching periods. 
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