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1 Introduction
In RAN#94-e meeting, a new work item on Multi-carrier enhancements was approved for Rel-18 and revised in RAN#97-e meeting [1]. One of the objectives of this WI is to study and if necessary support UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs. After RAN1#111 meeting [2], most of issues on this objective have been finalized. In this contribution, our analyses and views on the remaining issues on Rel-18 UL Tx switching are provided. 
2 Clarification of switching gap
For the 4 new conditions of Rel-18 UL Tx switching, the switching gap of Condition 2 and Condition 4 can be determined by RAN4 LS [3, 4]. 
· For Condition 1, if UE switches 2 Tx to the 1st band, then the switching gap determination is the same as Condition 2 below; if UE switches 1Tx to the 1st band, depending on the associated band configured to resolve the ambiguity issue, the switching gap determination is the same as Condition 4 below if associated band is the 4th band, the switching gap is same as the switching period of one band pair if associated band is the 2nd or 3rd band.
· For Condition 2, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· For Condition 4, 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}.
· For Condition3: In case of 1P on band A + 1P on band B switching to 1P on band A + 1P on band C, how to determine the switching gap should be clarified.
	RAN1#111 Agreement
Following new conditions are applicable to dual UL only (i.e., not applicable to switched UL)
· [Condition 1]When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· [Condition 2]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· [Condition 3]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· [Condition 4]When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band) 

	Excerpt from RAN4 LS[3]
Issue 3: Issue of two Tx chains switched between two different band pairs
When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· 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.
· In addition to the baseline UE assumption, RAN4 has not concluded on whether advanced optional UE ability can be considered, with further discussions ongoing.

	Excerpt from RAN4 LS[4]
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.

	RAN1#111 Agreement
In Case#2 where two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, if oneT is indicated via uplinkTxSwitching-DualUL-TxState, one Tx chain is switched to band C and associated band for another Tx chain is determined by new RRC parameter which is down-selected from following alternatives.
· An associated band is configured for each band so that another Tx chain is associated with the configured band (as associated band for the transmitting band)
· E.g., associated band for each transmitting band is configured as {B for A}, {A for B}, {A for C} and {C for D}. 
· When 1 port transmission on band C is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band B is switched to band C while another Tx chain associated with band A remains unchanged (because band A is associated band for band C)
· When 1 port transmission on band D is scheduled and Tx chains are currently associated with band A and B, Tx chain associated with band A (or B) is switched to band D while another Tx chain associated with band B (or A) is switched to band C (because band C is associated band for band D)
If there is one band where concurrent transmission with any other band is not supported, NW does not configure an associated band for the band. In such case, even if oneT is configured, UE performs switching as twoT is configured when 1 port transmission on the band is scheduled



There is no ambiguous switching state issue for Condition 3, but the switching pattern for each Tx chain needs to be clarified. In case of 1P on band A + 1P on band B switching to 1P on band A + 1P on band C, based on the simplest implementation, one Tx on band A is unchanged and the other Tx is switched for band B to band C, the switching gap is determined by the switching period of band pair B&C, Tswitch_B-C. There is no need to derive the switching gap similar as Condition 4, e.g. by max {Tswitch_A-C, Tswitch_B-A, Tswitch_B-C}.
Proposal 1: Clarify that the switching gap for the following switching is the switching period for band pair {2nd band, 3rd band}
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st band, and 3rd band)

3 Location of switching period
In RAN1#110bis-e and RAN1#111 meeting, RAN1 discussed the following proposal without any outcome.
	[RAN1#111] Updated proposed agreement 6
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.




	[RAN1#110bis-e] Updated Proposed agreement 4.2.1
Study on how to reuse Rel-16/17 approach to determine the switching period location [when the scheduled gap between two transmissions is smaller than the reported switching gap] i.e., semi-static configuration of switching period location on one of the bands for each switching band pair, and consider following options to solve the potential ambiguity issue on the switching period location for decision in RAN1#111
· Opt.0: Switching period location can be determined based on the indication of switching period location per band pair
· Opt.1: Switching period location can be determined based on predefined rule such as switch-from or switch-to
· Opt.2: Switching period location can be determined or configured based on specific band(s)
· Opt.3: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to}
· Opt.4: Switching period location can be determined based on the priority list of bands configured to the UE
· Opt.5: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to} per band pair
· Other option is not precluded
· FFS whether RAN1 spec impact is needed


One pending issue is whether to add “when the scheduled gap between two transmissions is smaller than the reported switching gap”. Companies have different understandings on whether it should be added in the RAN1 agreements. To avoid duplicated discussion, one way is to leave this issue to RAN4; another alternative is to add it in RAN1 agreements for now and ask RAN4 to confirm it. For example, adding the following note in the final agreements “Note: RAN1 assumes that determination of the switching period location is only performed when the scheduled gap between two transmissions is smaller than the reported switching gap. RAN1 sends LS to RAN4 to confirm this”.
In the RAN4 LS [3], RAN4 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 asked RAN1 to discuss further details for Rel-18 Tx switching scenario.
	Issue 4: Location of switching period
· For single-TAG case, RAN4 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 discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.


It has been agreed in RAN4 to reuse the Rel-16/17 approach to determine the switching period location, i.e., configuring one band as the switching period located band. The detailed Rel-16/17 per cell configuration is shown below.  
	ServingCellConfig ::= SEQUENCE { 
UplinkConfig ::= SEQUENCE  { 
uplinkTxSwitching-r16 SetupRelease { UplinkTxSwitching-r16 } OPTIONAL, -- Need M 
...
UplinkTxSwitching-r16 ::= SEQUENCE { 
   uplinkTxSwitchingPeriodLocation-r16 BOOLEAN, 
   uplinkTxSwitchingCarrier-r16 ENUMERATED {carrier1, carrier2} 
} 


As a result, the switching period location in Alt.1/2 is configured per band pair and combined with an additional restriction for Alt.1/2. While, the switching period in Alt.4/4-rev/5 is semi-static configured on one band of each switching case or band combination. Both ways are workable and similarly as Rel-16/17 approach.  
For Alt.3, the switching period location is configured per band combination (i.e., per BC). In this case, it is clear for any switching case where the switching period should be located. Overall, Alt.3 is straightforward with RRC signaling overhead. 
Compared with Alt.4/4-rev/5, Alt.4 is slightly preferred due to more flexible for determine the switching location for each switching case. Thus, from our perspective, both Alt.3 and Alt.4 can be adopted and further down-selection is needed.
Proposal 2: For Rel-18 UL Tx switching, further down-select among the following alternatives to configure the switching period location.
· Alt.3: gNB configures “switching-from band” or “switching-to band” per band combination
· 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}
Note: RAN1 assumes that determination of the switching period location is only performed when the scheduled gap between two transmissions is smaller than the reported switching gap. RAN1 sends LS to RAN4 to confirm this.
4 Minimum separation time
In RAN1#111 meeting, the following agreements for minimum separation time were reached.
	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
· [bookmark: _Hlk127180828](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}




Issue#1: Number of switching
While, for the working assumption, a clarification is needed that how to define/determine the one uplink switching or two uplink switching. For example, it is not clear whether the following Case 1-4 are all considered as one UL Tx switching for the switching case of 1P+1P on 1st and 2nd band switching to 1P+1P on 3rd and 4th band, wherein the gap between the two UL transmissions after UL Tx switching is not existed or less than the switching gap required for the UL Tx switching.
Observation 1: The definition of one uplink switching in Rel-18 should be clarified.
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Case 1
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Case 2
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Case 3
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Case 4



Issue#2: Location of the switching periods
One of the conditions for the timeline working assumption is that two uplink switching are triggered within two consecutive reference slots. In order to determine whether the two uplink switching are triggered within two consecutive reference slots, the location of each switching period needs to be clearly determined. Take Figure 1 as an example, slot 2 and slot 3 are selected as the two consecutive reference slots in this example. In slot 0, one 2-port PUSCH is transmitted on Band A. In slot 2, 1-port PUSCH is transmitted on Band A and Band B, respectively. In slot 3, one 2-port PUSCH is transmitted on Band C. 
Between slot 0 and slot 2, the 1st switching period happens. The potential location of the 1st switching period could be one of the following options:
· Opt.A1: The 1st switching period is located at the end of slot 1.
· Opt.A2: The 1st switching period is located at the start of slot 2.
· Opt.A3: The 1st switching period is located at the start of PUSCH in slot 2.
Between slot 2 and slot 3, the 2nd switching period happens. The potential location of the 2nd switching period could be one of the following options:
· Opt.B1: The 2nd switching period is located at the end of slot 2.
· Opt.B2: The 2nd switching period is located at the start of slot 3.
The combination of location for the 1st switching period and 2nd switching period and whether they satisfy the conditions required by the working assumption are summarized in Table 1.
Observation 2: In order to satisfy the timeline requirements defined by the working assumption, the location of the switching period needs to be clearly defined.
Table-1: Combination of location of the two uplink switching
	Combination of location for the 1st switching period and 2nd switching period
	Satisfy the conditions required by the working assumption or not.

	Opt.A1, Opt.B1
	No. Only one Tx switching triggered in slot 2 and slot 3.

	Opt.A1, Opt.B2
	No. Only one Tx switching triggered in slot 2 and slot 3.

	Opt.A2, Opt.B1
	No. UE is not expected to handle 2 UL Tx switching in slot 2.

	Opt.A2, Opt.B2
	Yes, there is one Tx switching triggered in slot 2 and slot 3, respectively.

	Opt.A3, Opt.B1
	No. UE is not expected to handle 2 UL Tx switching in slot 2.

	Opt.A3, Opt.B2
	Yes, there is one Tx switching triggered in slot 2 and slot 3, respectively.
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Figure-1: An explanation of the working assumption for UL Tx switching timeline requirement.

Issue#3: The two Tx switching are still close to each other
According to the working assumption, the separation time starts from the end of all transmission(s) prior to the first uplink switching (T1) and ends at the start of all transmission(s) after the second uplink switching (T2) within the two reference slots. The separation time needs to be larger than the X us and the switching gap required for the second uplink switching. However, if the T1 occurs much earlier, then the separation time will definitely be satisfied. In this case, even if the two UL Tx switching are close to each other, the timeline requirement is still satisfied. It is not clear whether UE can handle this case or not. 
Take Figure 1 as an example, T1 is in slot 0 and T2 is in slot 3. The separation time between T1 and T2 is obviously larger than X+2nd switching gap. In this example, it is allowed to have the 1st switching period within the middle of slot 2 and have the 2nd switching period at the start of slot 3. The separation time between the 1st switching period and 2nd the switching period may be only several symbols. Whether UE is capable of handling this case should be clarified. 
Observation 3: Whether UE is capable of handling two UL Tx switching close with several symbols gap if the time requirement defined by the working assumption is satisfied.

5 Conclusion
According to the discussion above, we have the following observations and proposals.
Clarification of switching gap
Proposal 1: Clarify that the switching gap for the following switching is the switching period for band pair {2nd band, 3rd band}
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st band, and 3rd band)

Location of switching period
Proposal 2: For Rel-18 UL Tx switching, further down-select among the following alternatives to configure the switching period location.
· Alt.3: gNB configures “switching-from band” or “switching-to band” per band combination
· 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}
Note: RAN1 assumes that determination of the switching period location is only performed when the scheduled gap between two transmissions is smaller than the reported switching gap. RAN1 sends LS to RAN4 to confirm this.

Minimum separation time
Observation 1: The definition of one uplink switching in Rel-18 should be clarified.
Observation 2: In order to satisfy the timeline requirements defined by the working assumption, the location of the switching period needs to be clearly defined.
Observation 3: Whether UE is capable of handling two UL Tx switching close with several symbols gap if the time requirement defined by the working assumption is satisfied.
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