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In RAN1#110b-e, some agreements and conclusions regarding on UE complexity reduction and specification impacts have been achieved [1], which can be found in Appendix 1.
In this contribution, firstly, the simulation evaluations for UL-CA Option 1 and Option 2 are provided. Besides, the switching cases for UL-CA Option 1 and Option 2 are analyzed. Finally, the scenarios and mechanisms in Rel-18 UL Tx switching are discussed.

Performance evaluation for UL-CA Option 1 and Option 2
In this section, the performance evaluations of UL-CA Option 1 and UL-CA Option 2 are provided.
From the system perspective, four bands including two SUL/FDD bands are deployed for uplink access, i.e., bands 4.9G, 2.6G, 2.1G, and 700M. We assume that each cell serves multiple UEs. As shown in Figure 1, uplink resources in the same color are available resources configured for one group of UEs to be scheduled. Three schemes are considered as follow.
· Rel-17 UL Tx switching between 2 bands for UL-CA Option 1, where each Rel-17 Tx UE can only be configured with 2 uplink bands. All UEs in the system are randomly configured into two groups. More specifically, some UEs are grouped as group I that has access to 4.9G and 700M, while the rest of UEs are grouped as group II that has access to 2.6G and 2.1G. 
· Rel-18 UL Tx switching among 4 bands for UL-CA Option 1, where each Rel-18 Tx UE is configured with 4 uplink bands. Each UE can be dynamically scheduled with one band from the configured 4 bands. 
· Rel-18 UL Tx switching among 4 bands for UL-CA Option 2, where each Rel-18 Tx UE is configured with 4 uplink bands. Each UE can be dynamically scheduled with one or two bands from the configured 4 bands. 
For a fair comparison, in the Rel-17 UL Tx switching, the proportion of UEs in one group to the total UEs equals the proportion of available uplink resources for the group to the total available uplink resources. The simulation parameters of switching period is 35us. Single TAG is assumed in the simulation, and more detailed evaluation assumptions are provided in Appendix 2.
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Figure 1 Band configuration of UEs for 4-bands scenario
The uplink average user-perceived throughput (UPT) at different packet arrival rate is plotted for the considered three schemes, as shown in Figure 2. Compared with the Rel-17 uplink Tx switching between 2 bands, Rel-18 UL Tx switching with UL-CA Option 1 obtains up to 44.8% uplink average UPT gain. The reason is that UL-CA Option 1 fully utilizes the 4 bands resources and achieve much load balance benefit. Furthermore, it can be found that Rel-18 UL Tx switching with UL-CA Option 2  obtains up 50.1% average UPT gain but only obtains additional 3.9% uplink average UPT gain compared with Rel-18 UL Tx switching with UL-CA Option 1. In another words, UL-CA Option 2 for Rel-18 UL Tx switching has small average UPT gain compared with UL-CA Option 1 for the following reasons.
· Uplink scheduling is uplink power limited. Because UE uplink power is limited, the best scheduling result is that UE uplink power is fully utilized first on the carrier with the highest SINR while the remaining uplink power, if any, can be utilized on the other carriers. As a result, concurrent transmission can be scheduled only for a UE has redundant UE uplink power for a concurrent transmission on a second uplink carrier. Since the bandwidth of lower frequency band (with higher SINR) is more than 20 MHz, UEs typically don’t have unutilized UE uplink power after being scheduled with full 20MHz uplink bandwidth unless the UE has very high SINR (close to cell center). Therefore, the probability of concurrent transmission scheduling is very low.
· If a UE is capable of 2Tx UL-MIMO on the lower frequency band, the probability of concurrent transmission scheduling is further reduced because the second layer provided by 2Tx UL-MIMO has better SINR than the 1Tx transmission on the higher frequency band and thus scheduling 2-layer UL-MIMO only on the carrier with the best SINR is better than scheduling concurrent transmission on both carriers. 
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Figure 2 Simulation results for 4-bands scenario
Observation 1: For dynamic UL Tx switching among 4 bands, UL-CA Option 1 can bring average UPT gain up to 44.8% compared with Rel-17 UL Tx switching. However, UL-CA Option 2 has small additional average UPT gain compared with UL-CA Option 1.

Discussion on switching cases
In this section, switching cases for different UE capability regarding on whether 2 ports can be supported on all bands and whether some concurrent transmission on specific band pair can be supported or not are analysed.
In last meeting, the agreement of down-selection of switching case for different scenarios was achieved. In our views, because the switching cases refer to the UE hardware Tx chains whose management are typically not directly specified to make more room for real implementation, the switching cases are not specified in the Rel-16/17 specifications but only the determination of switching gap does matter. Therefore, we suggest to directly discuss the mechanism of switching gap as it was done in Rel-17, for which our views can be found in section 4.3. Although the discussion on switching cases is unnecessary, our views on switching cases are presented in this section for reference.
Observation 2: Because the switching cases are not specified in the Rel-16/17 specifications but only the determination of switching gap does matter, it can be more efficient for RAN1 to directly address the determination of switching gap as it was in Rel-17 discussions. 
For UL-CA Option 1 in Rel-16 and Re-17, UL Tx switching is supported according to the following agreements. 
	Agreements (RAN1#100b-e):
· For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
· Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 



· Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P



Agreements (RAN1#104b-e):
· For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P 

	Case 3
	2T+0T
	2P+0P, 1P+0P





In RAN1#110bis-e, the determination of switching gaps for the Rel-18 cases involved with two bands only has been agreed to reuse the same Rel-16/17 determination, as highlighted below. In Rel-16/17 UL Tx switching configured with “switchedUL”, a switching gap is always required as long as the current transmitted band is different from the previous transmitted band while a switching gap is always not needed as long as the current transmitted band is the same as the previous transmitted band. With the agreement, so are for a Rel-18 UL Tx switching between two bands. 
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· 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) 
· 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) 
· 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)
· 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)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions


Therefore, for the Scenario#1 in the following agreement, Alt. 1-1 is the only choice because Alt. 1-2 requires a switching gap when a succeeding transmitted band is still the same as the current transmitted band which is not in line with the agreement above. Therefore, we propose, 
Proposal 1: For Rel-18 UL Tx switching configured with “switchedUL”, to be in line with the agreed determination of switching gap between two bands, confirm that only switching case with 2Tx on the transmitted band is assumed for the determination of switching gap if 2-port UL transmission is reported as support on the band.
	Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination


With respect to the scenario#2 in the agreement above, our preference is to fully reuse the Rel-16/17 determination mechanism of switching gap for Rel-18 “switchedUL” scheme. Taking a band combination {band A, B, C} with respective UL MIMO capability {1T, 2T, 2T} as an example, it is quite preferable that the switching gap required for an UL Tx switching from 1T band A to 2T band B within a switching pattern {transmissions on band C=> band A=> band B}is the same as the gap that has been agreed for a switching pattern {transmissions on band B=> band A=> band B}. In other words, the switching gap agreed for two bands only is reused for all cases and it is independent of the band pair involved in previous UL Tx switching, which can ensure simple implementation for both gNBs and UEs. More importantly, it makes more room for UE implementation by no specified restriction for the unused 1T and thus provides more compatibility to the existing and future feature. For example, when 1T is used on the band A above, since the remaining 1T is not used for any transmission, its exact carrier frequency can be up to UE implementation. Therefore, for scenario#2, the unused 1T can be on any band of the configured band combination and the exact band is up to UE implementation. We propose,
Proposal 2: For Rel-18 UL Tx switching configured with “switchedUL”, when a transmission is on a band that is capable of 1Tx only, the remaining idle 1Tx chain can be on any band within the configured band combination, i.e. the exact band for the idle 1Tx chain is up to UE implementation. 
The difference of UL-CA Option 1 (switchedUL) and UL-CA Option 2 (dualUL) is that concurrent transmission on band pairs (e.g., band A and band B) is supported for UL-CA Option 2. If concurrent transmission is not supported on certain band pair(s), the UE behaviours that have been specified UL-CA Option 1 in previous release should be reused, including that a switching gap must be required for an UL Tx switching for the band pair. Therefore, the switching case(s) with 1T-1T for the band pair(s) are not assumed.
Proposal 3: For Rel-18 UL Tx switching configured with “dualUL”, when an UL Tx switching is triggered between a band pair where concurrent transmission is not supported, the switching case with 1T-1T for the band pair should not be assumed.

Discussion on mechanism of Rel-18 UL Tx switching
Switching scenarios
As agreed in RAN#96 meeting, a clear guidance on the UL Tx switching scenarios is provided. In this section, the scenarios of UL-CA Option 1 are discussed.
According to the discussion on section 3, if UE supports up to 2 ports UL transmission on all the bands, the mapping between antenna ports and Tx chains on 3 or 4 bands scenarios can be shown as Table 1 and Table 2, respectively. Especially, each band contains one uplink carrier.
Table 1 Mapping between antenna ports and Tx chains for UL-CA option 1 with 3 bands
	
	Number of Tx chains (Carrier 1 + Carrier 2 + Carrier 3)
	Number of antenna ports for UL transmission (Carrier 1 + Carrier 2 + Carrier 3)

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P


Table 2 Mapping between antenna ports and Tx chains for UL-CA option 1 with 4 bands
	
	Number of Tx chains (Carrier 1 + Carrier 2 + Carrier 3 + Carrier 4)
	Number of antenna ports for UL transmission  (Carrier 1 + Carrier 2 + Carrier 3 + Carrier 4)

	Case 1
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P

	Case 3
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 4
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P


It is worth noting that UL-CA Option 1 and SUL have the same mapping rule based on above agreements achieved in RAN1#104b-e. Therefore, an uplink carrier can be a SUL carrier on 3 or 4 bands scenarios and two uplink carriers can be SUL carriers on 4 bands scenarios. In another words, the mapping between Tx chains and antenna ports on Table 1 and Table 2 can be used for the following scenarios:
· Scenario 1: Inter-band UL-CA Option 1 without SUL band
· Scenario 2: Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· Scenario 3: Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
Moreover, design a common mechanism for the scenario 1 and scenario 2 is agreed on RAN#96 meeting. In another words, the common mechanism is applied to the scenario of UL CA Option 1 for CA+SUL, i.e., scenario 2. In our views, the scenario 3 is also one scenario of CA+SUL. Therefore, the designing common mechanism is also applicable to the dual-SUL scenario.
Observation 3: The mapping tables between Tx chains and antenna ports are same for UL-CA Option 1 with or without SUL. Furthermore, inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) and inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} are both the scenario of CA+SUL.
Proposal 4: The following scenarios are confirmed within the scope for Rel-18 UL Tx switching:
· Inter-band UL-CA Option 1 without SUL band
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
In addition, UE behaviours in current CA framework for the above three scenarios are specified on a basis of serving cell, i.e. all UE behaviours between serving cells follow the same CA behaviours regardless of whether SUL is configured or not while all UE behaviours within a serving cell configured with SUL follow the specified SUL behaviours. Such framework can and should be directly reused in Rel-18.
Proposal 5: Current CA framework can be directly reused in UL Tx switching among 3 or 4 bands for the scenarios with or without SUL, where the current CA framework is that the same UE behaviors across serving cells are applied irrespective of FDD/TDD/SUL band, e.g. UL Tx chain sharing across cells, and the UE behavior between SUL and paired NUL within a serving cell refers to the UE behaviors specified on the context of one serving cell. 

The restriction of two UL Tx switchings
RAN1 has reached working assumption on the alternatives of restriction of two UL Tx switchings. 
	Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time


In Rel-16, the comparison between Alt.1 and Alt.2 was done and Alt.2 with reference to the larger SCS was agreed to be specified because the Alt.1 costs serious system performance degradation and complicate scheduling design. For example, as shown in Figure 3, the SRS transmission to assist TDD DL-MIMO has to be dropped if PUSCH are scheduled in two consecutive slots which is a typical scheduling scenario for cell-edge UEs. There is no additional UE implementation burden to support this typical scheduling scenario in Rel-18 UL Tx switching compared to Rel-16. Therefore, to avoid repeated discussions and non-backward compatibility in Rel-18, the Rel-16 restriction of no more than one uplink Tx switching within a reference slot, i.e. Alt. 2, should be reused as much as possible and the reference SCS can be straightforwardly updated to the largest SCS across all configured bands.
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Figure 3 The example of SRS transmission for UL Tx switching
Proposal 6: The Rel-16/17 scheduling restriction of no more than one uplink Tx switching within a reference slot of SCS µUL is a baseline for Rel-18 dynamic UL Tx switching across 3 or 4 bands and should be reused as much as possible. Only the new scheduling and configuration cases that are dedicated to Rel-18 UL Tx switching can be discussed for any new scheduling restriction.
· The SCS µUL is the maximum SCS of the active UL BWPs across all configured bands.
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Figure 4 2 bands are involved in two UL Tx switchings
To identify the new scheduling and configuration cases dedicated to Rel-18 UL Tx switching, the criterion is simply that the cases are not supported by Rel-16/17 UE implementation capabilities. To be specific, the following two cases already exists in Rel-17 and supported by existing UE capabilities without additional new scheduling restrictions, 
· As shown in Figure 4, only 2 bands involved in two succeeding UL Tx switching in Rel-18, which is the same as Rel-17 UL Tx switching because the remaining bands are idle and not involved.
· The Rel-18 band combinations where the sum of supported Tx across all bands is no more than 4, e.g., 1T+1T+2T on 3 bands scenario and 1T+1T+1T+1T on 4 bands scenario. In Rel-17, 2T+2T band combination and 2T+ {intra band 2T+2T} band combination have been agreed to support without the new scheduling restriction Alt. 1, which has set the capability baseline of UE memory management for Rel-18. Therefore, there should be no issue of UE RF management for the Rel-18 band combination where the aggregated number of supported Tx across all bands is no more than 4.
Observation 4: The scheduling and configuration cases of only 2 bands involved in two succeeding UL Tx switching and the configured band combination where the aggregated number of supported Tx across all bands is no more than 4 have been supported in Rel-17 UEs without the new scheduling restriction Alt. 1, which can be taken as the UE capability baseline of UE RF management for Rel-18.
[bookmark: _Hlk118717631]With the Rel-17 baseline, the new cases in Rel-18 can be the band combination where the aggregated number of supported Tx across all bands are more than 4, e.g., 2Tx-2Tx-2Tx band combination on 3 bands scenario and 1Tx-1Tx-2Tx-2Tx band combination on 4 bands. It is because only high dimension of combined UL-MIMO capabilities across all bands can increase UE implementation burden to manage UE RF hardware compared to Rel-17 UL Tx switching. 
Furthermore, the scheduled cases with 3 or 4 band involved in two succeeding UL Tx switching can be further classified into two sub-cases, as illustrated in Figure 5 and Figure 6, respectively. In Figure 5, there is one or more idle slots that have no UL transmission between two succeeding UL Tx switching, providing extra time for UEs RF management than that in Figure 6. In our understanding, considering the extra idle time, a new scheduling and configuration restriction is unnecessary for the case, as shown in Figure 5, where within two consecutive slots no more than 2 bands have UL transmissions.  
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Figure 5 3 bands are involved in two UL Tx switchings with one idle slot of no UL transmission
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Figure 6 3 bands are involved in two UL Tx switchings and the duration of no UL transmission is less one slot
In summary, to have better tradeoff between system performance and UE complexity, the Alt. 3 needs more refinement for specific applicability conditions, we propose,
Proposal 7: For Rel-18 UL Tx switching, if a new scheduling and configuration restriction other than the existing Rel-16 restriction is introduced, then the new restriction can only be applied on all the conditions that
· The configured band combination whose aggregated number of supported Tx across all bands is large than 4.
· E.g. 2Tx-2Tx-2Tx band combination and 1Tx-1Tx-2Tx-2Tx band combination
· 3 or 4 bands involved in two succeeding UL Tx switching.
· More than 2 bands have UL transmissions within two consecutive reference slots where the SCS of reference slot is the maximum SCS of the active UL BWPs across all configured bands.
Finally, the specific value of minimum separation time between two UL Tx switching should be either 500us or 0us and can be reported by UE capability.
Proposal 8: For Rel-18 UL Tx switching, if the minimum separation time between two triggered UL Tx switching is introduced as a new scheduling and configuration restriction, then its value can be reported by UE capability with a range of {0us, 500us} for both 3-band and 4-band cases.

The switching gap for UL-CA Option 1
As agreed in last meeting, the scenarios of existing conditions and new conditions for dual UL is defined and two FFS remains. In this section, it is discussed the condition of switching gap should be presented (i.e., triggering mechanism of UL Tx switching) for UL-CA Option 1.
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· 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) 
· 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) 
· 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)
· 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)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions


In current specification, UL-CA Option 1 has following conditions of switching period should be presented,
· Condition 1: When the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
· Condition 2: When the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
· Condition 3: For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
· Condition 4: If uplinkTxSwitching-2T-Mode is configured, when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
Based on above four conditions, it can be found that the conditions are defined by per band pair and an uplink Tx switching will be triggered when current UL transmission band is different from the preceding band for UL-CA Option 1 in Rel-17. For UL-CA Option 1 in Rel-18, only two bands are involved in one switching. It was agreed last meeting that the above existing conditions are reused in Rel-18 for the cases where only two bands are involved in an UL Tx switching. 
One particular case for “switchedUL” was discussed last meeting where some band is only capable of 1Tx and the two succeeding UL Tx switching involves the band and the other two bands capable of 2Tx. Taking a band combination {band A, B, C} with respective UL MIMO capability {1T, 2T, 2T} as an example, it is quite preferable that the switching gap required for an UL Tx switching from 1T band A to 2T band B within a switching pattern {transmissions on band C=> band A=> band B}is the same as the gap that has been agreed for a switching pattern {transmissions on band B=> band A=> band B}. In other words, the switching gap agreed for two bands only is reused for all cases and it is independent of the band pair involved in previous UL Tx switching, which can ensure simple implementation for both gNBs and UEs. More importantly, it makes more room for UE implementation by no specified restriction for the unused 1T and thus provides more compatibility to the existing and future feature. For example, when 1T is used on the band A above, since the remaining 1T is not used for any transmission, its exact carrier frequency can be up to UE implementation. Therefore, the unused 1T can be on any band of the configured band combination and the exact band is up to UE implementation, as our proposal 2.
Regarding the value of switching gap required for an UL Tx switching, because the UE is well aware of the exact carrier frequency of it unused 1T chain, it can report the proper switching period that matches with its implementation. In case the UE implements with different carrier frequencies of the unused 1T for different scheduling patterns, the UE still can report a proper switching period to cover this kind of implementation without additional specification impact. For example, as shown in Figure 7, if idle 1T chain is implemented on band A, X us can be reported, otherwise Y us can be reported. 
[image: ]
Figure 7 The switching period for UL-CA Option 1 when band A is supported 1Tx
In summary, an observation is,
Observation 5: reusing this existing solution in Rel-17 for “switchedUL” has the following advantages, 
· The UE implementation is simple and gets more flexibility because no restriction is required for the idle Tx chain state when only the band capable of 1Tx is scheduled for transmission.
· The simplest implementation of gNB for UL-CA “SwitchedUL”, because gNB can reuse the Rel-16/17 implementation.
· Minimized specification impact to support Rel-18 UL Tx switching. The Rel-17 mechanism to determine the length of switching gap is reused, i.e. the switching gap in TS 38.214 is determined by the reported switching period only.
Therefore, no new conditions are needed for “switchedUL” and the R17 triggering mechanism of UL Tx switching specified in S6.1.6.2 of TS 38.214 for UL CA Option 1 can be reused in Rel-18.
Proposal 9: Reuse the R17 triggering mechanism of UL Tx switching specified in S6.1.6.2 of TS 38.214 for UL-CA Option 1 for dynamic UL Tx switching across 3 or 4 bands.

The mechanism of switching period location
In Rel-17, the switching period location is only needed when the scheduled switching gap is smaller than reported switching period. As illustrate in Figure 8, UL transmission on band B in slot 1, followed by UL transmission on band A in slot 3, since no transmission in slot 2 and switching period for {band A, band B} is smaller than 14 symbols (i.e., scheduled switching gap is larger than switching period), the switching period location can be in the any symbol of the slot 2 while no need to specify a carrier for the location of switching gap. For the second UL Tx switching from band A to band C as shown in Figure 8, the switching gap should be presented on indicated victim carrier because of no enough scheduled switching gap for Tx switching. In our views, this principle should be reused in Rel-18 and it has no RAN1 impact.
[image: ]
Figure 8 The example of switching period location
Proposal 10: Confirm that the victim carrier presents only when the scheduled switching gap is smaller than reported switching period. It has no RAN1 impact.

Ambiguity issue
In last meeting, following working assumption for Tx state ambiguity is achieved. In this section, Tx state ambiguity issue and switching ambiguity issue are discussed.
	Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases


The first remaining issue of Tx state ambiguity is the solution of Case#2. For Case#2, if reusing existing RRC parameter {oneT, twoT} and oneT is indicated, the Tx state ambiguity also exists and other rule or indication should be introduced to solve it. One simple and effective method is to define predefined rule. As an example, as illustrated in Table 3, there are two possible Tx state cases (i.e., 0T+1T+1T and 1T+0T+1T) for the switching of two Tx chains associated with band A and B, and next transmission is 1 port transmission on band C and oneT is indicated. If the index of band A is larger than band B, then the predefined rules can be that the next Tx state is 1T+0T+1T since the band B has the smaller carrier index. As a result, Tx state ambiguity for Case#2 is solved.
Table 3 Mapping between antenna ports and Tx chains for UL CA Option 2 with 3 bands
	
	Number of Tx chains (band A + band B + band C)
	Number of antenna ports for UL transmission 
(band A + band B + band C)

	Case 1
	2T+0T+0T 
	1P+0P+0P, 2P+0P+0P

	Case 2
	0T+2T+0T 
	0P+1P+0P, 0P+2P+0P

	Case 3
	0T+0T+2T 
	0P+0P+1P, 0P+0P+2P 

	Case 4
	0T+1T+1T
	0P+1P+1P, 0P+0P+1P, 0P+1P+0P

	Case 5
	1T+0T+1T
	1P+0P+1P, 0P+0P+1P, 1P+0P+0P

	Case 6
	1T+1T+0T
	IP+1P+0P, 0P+1P+0P, 1P+0P+0P


The remaining issue is other potential cases for Tx state ambiguity. In our views, the motivation of solving Tx state ambiguity is to solve whether switching gap is needed in one switching. For example, assuming that the current transmission is 1 port transmission on band C and next transmission is 1 port transmission on band A. One situation is the two Tx chains are currently associated with band B and band C, then switching gap is needed for next 1 port transmission on band A because no Tx is on band A. Another situation is the two Tx chains are currently associated with band A and band C, then switching gap is not needed for next 1 port transmission on band A because one Tx can be directly used to transmission on band A. 
However, for UL-CA Option 1, a switching gap is always needed when current UL transmission band is different from the preceding band in Rel-16 and Rel-17. In another words, it is not related to Tx states. Therefore, UL-CA Option 1 has no Tx state ambiguity issue.
Observation 6: The motivation of solving Tx state ambiguity is to solve whether switching gap is needed in one switching. For UL-CA Option 1 (switchedUL), a switching gap is always needed when current UL transmission band is different from the preceding band in Rel-16 and Rel-17, which is independent of Tx states. As a result, UL-CA Option 1 has no Tx state ambiguity issue.
[bookmark: _GoBack]Proposal 11: For Case#2 of UL-CA Option 2 (i.e., two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported), if oneT is indicated, which Tx chain is switched to band C should be based on predefined rule (i.e., the Tx chain with smaller carrier index is switched to band C).
In addition, for UL-CA Option 2, as shown in Figure 9, when the concurrent UL transmission on band A and band B is switched to the concurrent UL transmission on band A and band C, two possible Tx switching schemes are available,
· Switching scheme 1: 1 Tx chain from band B to band C and maintaining of 1 Tx chain at band A
· Switching scheme 2: 1 Tx chain from band A to band C and 1 Tx chain from band B to band A
In some cases, this switching ambiguity may result in RF reconfiguration after receiving second DCI. As an example, assume Tx 1 supports band A&C and Tx 2 supports band B&C, and the concurrent UL transmission is presently on band A and band B. When UE receive first DCI indicating transmission on band C, UE may switch Tx 1 from band A to band C immediately. However, when UE receive second DCI indicating transmission on band A, RF reconfiguration occurs because Tx 2 cannot support band A. It is noted that first DCI and second DCI cooperatively indicate concurrent UL transmission on band A and band C. Furthermore, switching ambiguity will result in different value of switching gap. As an example, the switching gap equals switching period of band pair {B, C} for switching scheme 1, and switching gap equals the maximum switching period of band pairs{A, C} and {A, B} for switching scheme 2. For switching ambiguity, one potential way is that the exact switch-from band(s) could be indicated clearly to the UE by DCI, then UE could distinguish the exact Tx chain switching before actual action. Via this solution, RF reconfiguration issue and ambiguous value of switching gap could be avoided and there is no switching ambiguity issue. 
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Figure 9 The case of switching ambiguity
Proposal 12: For solving switching ambiguity issue, exact switch-from band(s) can be indicated clearly by DCI.

The summary of mechanism in Rel-18
From the analysis above, the comparisons of UL-CA Option 1 and Option 2 are summarized in Table 4. It can be found that UL-CA Option 2 has small performance gains compared to UL-CA Option 1 but more specification impacts are required to UL-CA Option 2. Therefore, UL-CA Option 1 is better and should be prioritized.
Table 4 The comparison of UL-CA Option 1 and UL-CA Option 2
	
	Specification impacts
	Performance gain

	UL-CA Option 1
	Very minor
	Up to 44.8%

	UL-CA Option 2
	large
	Up to 50.1%


Observation 7: UL-CA Option 1 has smaller specification impacts than UL-CA Option 2 and provides most of potential performance gains.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations and proposals:
Observation 1: For dynamic UL Tx switching among 4 bands, UL-CA Option 1 can bring average UPT gain up to 44.8% compared with Rel-17 UL Tx switching. However, UL-CA Option 2 has small additional average UPT gain compared with UL-CA Option 1.
Observation 2: Because the switching cases are not specified in the Rel-16/17 specifications but only the determination of switching gap does matter, it can be more efficient for RAN1 to directly address the determination of switching gap as it was in Rel-17 discussions. 
Observation 3: The mapping tables between Tx chains and antenna ports are same for UL-CA Option 1 with or without SUL. Furthermore, inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) and inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} are both the scenario of CA+SUL.
Observation 4: The scheduling and configuration cases of only 2 bands involved in two succeeding UL Tx switching and the configured band combination where the aggregated number of supported Tx across all bands is no more than 4 have been supported in Rel-17 UEs without the new scheduling restriction Alt. 1, which can be taken as the UE capability baseline of UE RF management for Rel-18.
Observation 5: reusing this existing solution in Rel-17 for “switchedUL” has the following advantages, 
· The UE implementation is simple and gets more flexibility because no restriction is required for the idle Tx chain state when only the band capable of 1Tx is scheduled for transmission.
· The simplest implementation of gNB for UL-CA “SwitchedUL”, because gNB can reuse the Rel-16/17 implementation.
· Minimized specification impact to support Rel-18 UL Tx switching. The Rel-17 mechanism to determine the length of switching gap is reused, i.e. the switching gap in TS 38.214 is determined by the reported switching period only.
Observation 6: The motivation of solving Tx state ambiguity is to solve whether switching gap is needed in one switching. For UL-CA Option 1 (switchedUL), a switching gap is always needed when current UL transmission band is different from the preceding band in Rel-16 and Rel-17, which is independent of Tx states. As a result, UL-CA Option 1 has no Tx state ambiguity issue.
Observation 7: UL-CA Option 1 has smaller specification impacts than UL-CA Option 2 and provides most of potential performance gains.
Proposal 1: For Rel-18 UL Tx switching configured with “switchedUL”, to be in line with the agreed determination of switching gap between two bands, confirm that only switching case with 2Tx on the transmitted band is assumed for the determination of switching gap if 2-port UL transmission is reported as support on the band.
Proposal 2: For Rel-18 UL Tx switching configured with “switchedUL”, when a transmission is on a band that is capable of 1Tx only, the remaining idle 1Tx chain can be on any band within the configured band combination, i.e. the exact band for the idle 1Tx chain is up to UE implementation. 
Proposal 3: For Rel-18 UL Tx switching configured with “dualUL”, when an UL Tx switching is triggered between a band pair where concurrent transmission is not supported, the switching case with 1T-1T for the band pair should not be assumed.
Proposal 4: The following scenarios are confirmed within the scope for Rel-18 UL Tx switching:
· Inter-band UL-CA Option 1 without SUL band
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· Inter-band UL-CA Option 1 for {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
Proposal 5: Current CA framework can be directly reused in UL Tx switching among 3 or 4 bands for the scenarios with or without SUL, where the current CA framework is that the same UE behaviors across serving cells are applied irrespective of FDD/TDD/SUL band, e.g. UL Tx chain sharing across cells, and the UE behavior between SUL and paired NUL within a serving cell refers to the UE behaviors specified on the context of one serving cell. 
Proposal 6: The Rel-16/17 scheduling restriction of no more than one uplink Tx switching within a reference slot of SCS µUL is a baseline for Rel-18 dynamic UL Tx switching across 3 or 4 bands and should be reused as much as possible. Only the new scheduling and configuration cases that are dedicated to Rel-18 UL Tx switching can be discussed for any new scheduling restriction.
Proposal 7: For Rel-18 UL Tx switching, if a new scheduling and configuration restriction other than the existing Rel-16 restriction is introduced, then the new restriction can only be applied on all the conditions that
· The configured band combination whose aggregated number of supported Tx across all bands is large than 4.
· E.g. 2Tx-2Tx-2Tx band combination and 1Tx-1Tx-2Tx-2Tx band combination
· 3 or 4 bands involved in two succeeding UL Tx switching.
· More than 2 bands have UL transmissions within two consecutive reference slots where the SCS of reference slot is the maximum SCS of the active UL BWPs across all configured bands.
Proposal 8: For Rel-18 UL Tx switching, if the minimum separation time between two triggered UL Tx switching is introduced as a new scheduling and configuration restriction, then its value can be reported by UE capability with a range of {0us, 500us} for both 3-band and 4-band cases.
Proposal 9: Reuse the R17 triggering mechanism of UL Tx switching specified in S6.1.6.2 of TS 38.214 for UL-CA Option 1 for dynamic UL Tx switching across 3 or 4 bands.
Proposal 10: Confirm that the victim carrier presents only when the scheduled switching gap is smaller than reported switching period. It has no RAN1 impact.
Proposal 11: For Case#2 of UL-CA Option 2 (i.e., two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported), if oneT is indicated, which Tx chain is switched to band C should be based on predefined rule (i.e., the Tx chain with smaller carrier index is switched to band C).
Proposal 12: For solving switching ambiguity issue, exact switch-from band(s) can be indicated clearly by DCI.
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Appendix 1
	Agreement
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
· Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction

Agreement
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· 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) 
· 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) 
· 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)
· 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)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions

Agreement
· Consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Consider following alternatives for gNB configuration regarding dual UL
· Alt.1: configure {switchedUL, dualUL} in CellGroupConfig
· Alt.2: configure {switchedUL, dualUL} for each band pair (combination of serving cells?)
· Alt.3: at least configuration of supported band pair (combination of serving cells) for concurrent transmission 
· Alt.4: No configuration of supported band pair (combination of serving cells) for concurrent transmission, i.e., UE just assumes as it reports

Working Assumption
Specify UL Tx switching schemes across up to 4 bands in Rel-18

Working Assumption
If Rel-18 UL Tx switching for 3 or 4 bands is supported, both Switched UL and Dual UL are supported

Agreement
Confirm the following working assumption made at the RAN1#110 meeting.
Working Assumption
If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission

Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases

Agreement
Ask RAN2 to consider following alternatives for UE capability reporting about the supported UL Tx switching options
· Alt.1: report {switchedUL, dualUL, both} for each band pair in the band combination
· Alt.2: report {switchedUL, dualUL, both} for the band combination and report supported band pair for concurrent transmission for the band combination
· Note：If there is no report on the supported band pair(s) for concurrent transmission while the UE reports “dualUL” or “both” for the band combination, gNB may assume that the UE supports concurrent transmission on all the band pairs within the band combination
· Alt.3: report {dualUL} for each band pair in the band combination
· Note: Within the band combination, the UE shall be capable of being operated in switched UL mode for all band pairs

Agreement
Ask RAN2 to consider following alternatives and specify gNB configuration
· Alt.1: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination)
· Alt.2: configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
· Alt.3: configure {switchedUL, dualUL} for all serving cells (i.e., for the band combination), and configure combination(s) of serving cells (i.e., as supported serving cell pair(s) for each band pair in the band combination) for concurrent transmission

Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time

Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination

Agreement
LS on UE capability and gNB configuration for UL Tx switching across 3 or 4 bands in Rel-18 is endorsed. Final LS in R1-2210724.



Appendix 2
	Simulation assumptions for the 4-bands scenario

	Frequency
	4.9G
	2.6G
	2.1G
	700M

	Bandwidth
	100MHz
	160MHz
	50MHz
	30MHz

	DL:UL
	7:3
	8:2
	/
	/

	BS antenna
	64T64R
	64T64R
	32R
	4T4R

	Subcarrier spacing
	30KHz
	30KHz
	15KHz
	15kHz

	Deployment
	3GPP Urban Macro, 21cells

	UE number
	20 UEs per cell

	ISD
	500 m

	UE power
	23 dBm

	Traffic model
	FTP model 3, 1 Mbyte, 4 or 6 packet/s
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