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1. Introduction
At the RAN1#111 meeting, remaining details on Rel-18 UL Tx switching scheme including the assumption on supported switching cases in each scenario, applicability of the conditions where switching gap is required, the solution for ambiguous state issue, minimum separation time between two UL Tx switchings and so on were extensively discussed and agreements were made [1], [2].
At the RAN#98-e meeting, additional RAN1 TU for RAN1#112 meeting was agreed mainly for multi-cell PDSCH/PUSCH scheduling with a single DCI while the status report indicated that there are some potential RAN1 issues including switching period location [3].
In this contribution, we discuss on potential remaining RAN1 issues on Rel-18 Multi-carrier UL Tx switching schemes including switching period location.

2. Discussion on minimum separation time between two UL Tx switchings
After extensive discussion on minimum separation time between two UL Tx switchings at the RAN1#111 meeting, following agreement including working assumption was made.
	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}



The 1st bullet in the agreement is straightforward extension of existing specification for Rel-18 UL Tx switching across 3 or 4 bands, and the 2nd bullet i.e., working assumption part is additional minimum separation time for complexity reduction in new switching cases in Rel-18. The working assumption could provide a good complexity reduction option subject to UE capability e.g., with 500 us additional minimum separation time while more capable UE can achieve better performance with 0 us additional minimum separation time. We think that the condition and the value set for additional minimum separation time are reasonable, and hence we can confirm the working assumption.
Proposal 1: Following working assumption is confirmed.
· (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}

There is one potential point that RAN1 can further discuss and clarify, i.e., reporting type/granularity of the capability on X us. Although RAN1 can discuss such aspect as part of UE feature discussion as usual, it may be helpful for RAN2 to design capability signalling for this WI. In our view, X us can be reported per UL Tx switching band combination (such as 3 or 4 bands BC). Potential finer granularity than it e.g., per switching band pair in the band combination seems too much.


3. Discussion on potential ambiguity issue on switching period location
Based on the RAN4 LS indicating “RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the bands for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1”, RAN1 has been discussed on possible solutions for the ambiguity issue on switching period location. Following is the latest proposal capturing proposals provided at the last RAN1 meeting [2].
	· 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.



Basically, all alternatives in the latest proposal can solve the ambiguity issue on switching period location. However, they have different configuration flexibility and signalling complexity/overhead. Followings are our views based on the analysis on switching period location and each alternative.
· General
· In Rel-16/17 UL Tx switching between 2 bands, the switching period location is configured for either one of the bands e.g., on band A. In case that UL transmission on band A is triggered and its preceding transmission is on band B, if the time interval between the end of the transmission on band B and the start of the transmission on band A is less than switching period duration, UE may need to omit one of the transmissions during switching period and the switching period location configuration is used to determine which transmission is affected by the switching period e.g., in this case the transmission on band A may be omitted during switching period. In other words, the transmission on band B can be protected from the switching period by configuring the switching period location on band A.
· In Rel-18 UL Tx switching across up to 4 bands, switching period location can be configured for the same purpose i.e., to protect UL transmission on some band(s) from the switching period for the case where the time interval between the end of the preceding transmission on band(s) and the start of the next transmission on band(s) is less than switching period duration. For example, in case of switching from bands A+B to bands C+D, whether transmissions on bands A+B or transmissions on bands C+D are affected by the switching period should be able to be determined by the switching period location configuration. In that sense, RAN4 agreement on reusing Rel-16/17 approach where switching period location as TRUE or FALSE is configured for each serving cell is not enough.
· Alt.1: 
· This is the combination between the Rel-16/17 approach and predefined rule (i.e., 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). In that sense, this alternative is aligned with RAN4 agreement as it intends to reuse existing switching period location configuration for each serving cell.
· This alternative can achieve configuration flexibility to some extent based on the configuration of switching period location (TRUE or not) for each band i.e., as a kind of priority. However, when switching is performed between bands with same priority, switching period is located always on band(s) with highest carrier frequency. It is a bit less flexible than Alt.2. For example, if concurrent transmissions on highest priority carrier (e.g., one of lower carrier frequency) and on highest carrier frequency are performed, switching period location in on those bands/carriers due to highest carrier frequency so that the highest priority carrier is also affected.
· Alt.2: 
· This is the combination between the Rel-16/17 approach and additional semi-static configuration of priority (i.e., the priority list of bands). In that sense, this alternative is aligned with RAN4 agreement as it intends to reuse existing switching period location configuration for each serving cell.
· This alternative can achieve higher configuration flexibility compared with Alt.1 since the priority list of bands is configurable instead of frequency order. Although additional signalling needs to be introduced, the priority list of bands could be quite simple IE.
· Alt.3: 
· This is quite different from the Rel-16/17 approach (i.e., existing switching period location configuration for each serving cell is NOT used), and hence this alternative is not aligned with RAN4 agreement.
· This alternative is the simplest configuration at the cost of the least configuration flexibility. Even between the same band pair (e.g., band A and B), the switching period location cannot be fixed to one of the bands (e.g., if gNB configures “switching-from band” as switching period location, switching period is located on band A in case of switching from A to B while switching period is located on band B in case of switching from B to A). It is clear drawback if there is a certain prioritized band which should be protected from the switching period.
· Alt.4:
· This alternative is different from the Rel-16/17 approach and RAN4 agreement since existing switching period location configuration for each serving cell is not sufficient. On the other hand, this is also possible extension from the Rel-16/17 approach as 2 bands case only has one switching case {A - B} according to the definition of this alternative.
· The number of switching cases in this alternative is 6 in case of 3 bands and 21 in case of 4 bands, while the number of switching band pairs in Alt.1/2 is 3 in case of 3 bands and 6 in case of 4 bands. Therefore, this alternative requires the most complex configuration signalling to achieve the highest flexibility among alternatives.
· Alt.4-rev:
· This alternative is similar to Alt.4 and it is a simplified version of Alt.4 by merging e.g., {A+B - C}, {A+C - B}, {B+C - A} to {A, B, C}.
· The number of switching cases in this alternative is 4 in case of 3 bands and 10 in case of 4 bands, and hence this alternative is middle ground between Alt.4 and Alt.1/2 in terms of configuration flexibility and signalling complexity/overhead. However, it still requires new signalling such as “per switching case pair”, and where/how to define such “per switching case pair” signalling would cause RAN2 discussion as well as in case of Alt.4.
· Alt.5:
· This alternative is different from the Rel-16/17 approach and RAN4 agreement since existing switching period location configuration for each serving cell is not sufficient. On the other hand, this is also possible extension from the Rel-16/17 approach as 2 bands case only has priority between 2 bands such as TRUE or FALSE.
· Similar to Alt.2, although additional signalling needs to be introduced, the priority of each band/cell could be quite simple IE. 
Based on above analysis, we prefer Alt.2/5 as good balance between configuration flexibility and specification impacts based on Rel-16/17. If we have configuration of priority for each band/cell e.g., one of {1, 2, 3, 4} is configured for each serving cell as priority, it seems existing switching period location configuration i.e., {TRUE, FALSE} for each serving cell is no longer necessary. 
For Alt.5, assuming A>B>C>D as configured priority, if transmission on band A is performed before Tx switching, switching period location is determined to be on band(s) after Tx switching. If transmission on band A is performed after Tx switching, switching period location is determined to be on band(s) before Tx switching. One potential ambiguous case is that transmission on band A (highest priority) is performed both before and after Tx switchings e.g., A+B -> A+C. In such case, the switching period location should be determined so that second highest priority band/carrier is protected.
Proposal 2: Following mechanism is supported for potential ambiguity issue on switching period location.
· The priority is configured for each serving cell for determining switching period location.
· The UE determines the switching period location on the band(s) that is not with the highest priority.
· If the band with the highest priority is used for transmissions both before and after Tx switching, the switching period location is determined on the band(s) that is not with the second highest priority.
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Figure 1: Examples of switching period location determination based on Alt.5


4. Discussion on potential issues related to timeline for UL Tx switching
At the last RAN1 meeting, following two proposals were also identified but no conclusion was made due to the lack of time [2].
	Proposal from vivo:
When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
Based on the grants, if the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands, otherwise as twice of TX switching.
Proposal from Apple:
UE is not expected to be scheduled to transmit PUCCH carrying the HARQ-ACK information for PDSCH scheduled by a PDCCH if uplink switching gap is triggered for the PUCCH and the first uplink symbol of the PUCCH starts earlier than the combined duration of switching gap and PDSCH processing timeline, from the last symbol of the PDCCH



Regarding the 1st proposal (“Proposal from vivo”), the issue is whether it is considered as one UL Tx switching or two separate UL Tx switchings when the two Tx chains are triggered to switch between two different band pairs as shown in examples in Figure 1. The proposal from vivo at the RAN1#111 is that when the two uplink transmissions in the second reference slot are at least partially overlapped in time domain, UE performs it as one UL Tx switching involving both of two Tx chains, otherwise UE performs two separate UL Tx switchings for each of the two uplink transmissions in the second reference slot.
In our view, as long as the second uplink transmission in the second reference slot is triggered before T0-Toffset, the UL Tx switching to be performed at the first reference slot can take the second uplink transmission in the second reference slot into account, i.e., one UL Tx switching involving both of two Tx chains should be assumed irrespective of whether two uplink transmissions in the second reference slot are overlapped or not. Even if there is sufficient time gap between the two uplink transmissions in the second reference slot and there can be sufficient time separation between potential two UL Tx switchings, there would be no reason to not consider already triggered second uplink transmission at the first UL Tx switching.
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Figure 2: Examples of issues on one UL Tx switching or two separate UL Tx switchings
Proposal 3: When a UE is triggered to perform UL Tx switching and the start of the UL transmission after the UL Tx switching is T0, UE uses information regarding UL triggered before T0-Toffset to determine how to perform the UL Tx switching.

If it is better/necessary to allow UE performing second UL Tx switching in the second reference slot, there should be sufficient time gap between the two uplink transmissions in the second reference slot and there should be sufficient time separation between two UL Tx switchings according to the agreement referred in section 2 and current specifications, i.e., not just whether two uplink transmissions in the second reference slot are overlapped or not. Otherwise, the switching gap may cause UL transmission omitting in the second reference slot.

Regarding the 2nd proposal (“Proposal from Apple”), following CR for the same issue was endorsed for Rel-17 at RAN1#111 meeting [4].
	· UE is not expected to be scheduled to transmit PUCCH carrying the HARQ-ACK information for PDSCH scheduled by a PDCCH if uplink switching gap is triggered for the PUCCH as defined in clause 6.1.6 and the first uplink symbol of the PUCCH starts earlier than the duration of { + } from the last symbol of the PDCCH, where   equals to the switching gap duration.



Therefore, it should be baseline for Rel-18 UL Tx switching specification as well. Since there is no need to change/update any part of above text for Rel-18 UL Tx switching across up to 4 bands, no explicit agreement seems necessary.


5. Conclusion
In this contribution, we presented our views on remaining details on Rel-18 Multi-carrier UL Tx switching schemes. Based on the discussion in this contribution, following proposals were made.
Proposal 1: Following working assumption is confirmed.
· (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}
Proposal 2: Following mechanism is supported for potential ambiguity issue on switching period location.
· The priority is configured for each serving cell for determining switching period location.
· The UE determines the switching period location on the band(s) that is not with the highest priority.
· If the band with the highest priority is used for transmissions both before and after Tx switching, the switching period location is determined on the band(s) that is not with the second highest priority
Proposal 3: When a UE is triggered to perform UL Tx switching and the start of the UL transmission after the UL Tx switching is T0, UE uses information regarding UL triggered before T0-Toffset to determine how to perform the UL Tx switching.
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Example#2: switching from {A, B} to {C, D}
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