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1. Introduction
In this document, we provide our views on mechanisms for dynamic Tx carrier switching across configured bands.
2. Discussion
2.1 Complexity reduction
	Agreement /*3.2*/
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




In the last RAN1 meeting, the group has agreed that the UE is allowed to support some band(s) for 2-port transmission. The question now is whether we should put a restriction to the minimum number of bands that support 2-port transmission. In Rel. 16, 1T-2T switching mode is the baseline for UL Tx switching, and Rel. 17, the UE can be configured (i.e., uplinkTxSwitching-2T-Mode) to operate in 2T-2T switching mode. For Rel. 18, due to the increased complexity introduced by switching among 3 or 4 bands, we should provide full flexibility for UE implementation to further reduce the complexity. Thus, our suggestion is not to put restrictions on the minimum number of band(s) for 2-port transmission.
Proposal 1: For UE supporting only some band(s) for up to 2-port UL transmission, there is no restriction on the minimum number of band(s) for 2-port UL transmission. 

2.2 Details of UL Tx switching cases and switching period location
	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 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



As shown above, RAN1 has agreed a list of scenarios and alternatives on different switching cases (i.e., switched and dual UL). Before further down selection, we would like to revisit the legacy behaviour from Rel. 16 and Rel. 17. For switched UL, the following 4 bullets summarize, from 38.214, the conditions when a switching period presence.
· 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 NTx1-Tx2  on any of the carriers.
· 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 NTx1-Tx2  on any of the carriers. 
· 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 NTx1-Tx2  on any of the carriers. 
· 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.
According to these 4 bullets, we can build a table of assigned antenna ports on carriers on multiple bands and antenna operation states for scheduled transmissions. Table 1 shows the switching conditions that Band 1 support only 1-port transmission and Band 2 is capable of 2-port transmission. The 3rd bullet of the switched UL rules indicates that to transmit a 1-port transmission on a carrier on one band from anther 1-port transmission on another carrier on another band, the switching period is required, therefore the base station expects the UE to switch antenna(s) for the 1-port transmission. It refers that to transmit a 1-port transmission on a 2-port capable band (e.g. Band2), the UE should switch both antennas to the 2-port capable band. For an example in the 4th row in Table 1, the UE is under an antenna state that the scheduled 1-port transmission can be supported without antenna switching, but the UE still switches 2 Tx to Band 2 according to the rule specified in the 3rd bullet. 
Observation 1: In Rel. 16 and 17 switched UL mode, if a UE is to transmit a 1-port transmission on a 2-port capable band, the UE switches two Tx to the 2-port capable band.
Table 1. Antenna switching conditions for switched UL with 1T-2T transmission capability
	Transmission capability of bands
(Band1-Band2)
	Antenna port assignment
	Antenna operation states
	Notes

	
	from
	to
	from
	to
	

	1T-2T
	1P-0P
	0P-2P
	1T-1T
	0T-2T
	1st bullet

	
	0P-2P
	1P-0P
	0T-2T
	1T-1T
	2nd bullet

	
	0P-1P
	1P-0P
	0T-2T
	1T-1T
	3rd bullet

	
	1P-0P
	0P-1P
	1T-1T
	0T-2T
	3rd bullet


If the rule in observation 1 is violated, additional ambiguity cases will be introduced when the band pair is capable of 2T-2T switching case. As shown in the 2nd, 3rd and 4th rows in the Table 2, the UE has to select an antenna state between 1T-1T and 0T-2T or 2T-0T for the scheduled transmission. However, there is no existing RRC configuration can help UE resolving ambiguous condition in the switched UL mode. Only dual UL mode UE can be configured with the RRC parameter uplinkTxSwitching-DualUL-TxState to resolve the issue.
Table 2. Antenna switching conditions for switched UL with 2T-2T transmission capability
	Transmission capability of bands
(Band1-Band2)
	Antenna port assignment
	Antenna operation states
	Notes

	
	from
	to
	from
	to
	

	2T-2T
	1P-0P
	0P-2P
	 2T-0T, [1T-1T]
	0T-2T
	1st bullet

	
	0P-2P
	1P-0P
	0T-2T
	2T-0T, [1T-1T]
	2nd bullet

	
	0P-1P
	1P-0P
	0T-2T, [1T-1T]
	2T-0T, [1T-1T]
	3rd bullet

	
	1P-0P
	0P-1P
	2T-0T, [1T-1T]
	0T-2T, [1T-1T]
	3rd bullet

	
	2P-0P
	0P-2P
	2T-0T
	0T-2T
	4th bullet

	
	0P-2P
	2P-0P
	0T-2T
	2T-0T
	4th bullet


Regarding UL switching over 3 or 4 bands, an example is given in Table 3 applying Rel. 16 and 17 principles. The example includes 3 bands, where Band 1 support only 1-port transmission, and Band 2 and Band 3 are capable of 2-port transmission. If the UE is to transmit a 1-port transmission on Band 1 and the preceding transmission is a 2-port transmission on Band 3 (i.e. 2nd row in Table 3), the UE has to select an antenna state between 1T-1T-0T and 1T-0T-1T, because Band 1 can only support 1-port transmission. 
Table 3. Antenna switching conditions for switched UL with 1T-2T-2T transmission capability
	Transmission capability of bands
(Band1-Band2-Band3)
	Antenna port assignment
	Antenna operation states
	Notes

	
	from
	to
	from
	to
	

	1T-2T-2T
	1P-0P-0P
	0P-0P-2P
	1T-1T-0T
1T-0T-1T
	0T-0T-2T
	1st bullet

	
	0P-0P-2P
	1P-0P-0P
	0T-0T-2T
	1T-1T-0T
1T-0T-1T
	2nd bullet

	
	1P-0P-0P
	0P-1P-0P
	1T-1T-0T
1T-0T-1T
	0T-2T-0T
	3rd bullet

	
	0P-2P-0P
	0P-0P-2P
	0T-2T-0T
	0T-0T-2T
	4th bullet

	
	Other cases omitted
	



Observation 2: For applying switched UL mode over 3 or 4 bands with at least 1 band supports only 1-port transmission, ambiguous antenna states resolution is needed.

Proposal 2: For switched UL mode, if UL switching over 3 or 4 bands is supported, introduce a new RRC parameter to resolve ambiguous antenna states (e.g., uplinkTxSwitching-SwitchedUL-TxState).
Given another example of UL switching over 3 bands, where Band 1 and Band 2 only support 1-port transmission, and Band 3 is capable of 2-port transmission. As shown in the Table 4, there are more ambiguous cases to be resolved due to the scenario that 2 bands can only support 1-port transmission. In the 5th row in the Table 4, the UE is to transmit a 1-port transmission on a carrier on Band 2 (a 1-port only band) and a preceding transmission is a 1-port transmission on a carrier on Band 1 (another 1-port only band). According to the 3rd bullet of the switched UL rules, the UE should switch the antenna state, and the only option is 0T-1T-1T. If the original intension of the 3rd bullet is to allow the UE to transmit the 1-port transmission by using both antennas, then the antenna switching in this example introduces unnecessary switching period with no purpose.
Observation 3: For applying switched UL mode over 3 or 4 bands with at least 2 bands supports only 1-port transmission, the legacy switching period determination rule for switched UL mode might introduce an unnecessary switching period with no purpose. 
Proposal 3 (text proposal): 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 NTx1-Tx2 on any of the carriers, if neither the scheduled carrier nor the carrier of the preceding uplink transmission are on the band that supports 2-port transmission, and the UE is not able to transmit the 1-port transmission with current antenna operation state.
Table 4. Antenna switching conditions for switched UL with 1T-1T-2T transmission capability
	Transmission capability of bands
(Band1-Band2-Band3)
	Antenna port assignment
	Antenna operation states
	Notes

	
	from
	to
	from
	to
	

	1T-1T-2T
	1P-0P-0P
	0P-0P-2P
	1T-1T-0T
1T-0T-1T
	0T-0T-2T
	1st bullet

	
	0P-0P-2P
	1P-0P-0P
	0T-0T-2T
	1T-1T-0T
1T-0T-1T
	2nd bullet

	
	1P-0P-0P
	0P-1P-0P
	1T-1T-0T
1T-0T-1T
	1T-1T-0T
0T-1T-1T
	3rd bullet

	
	0P-0P-1P
	0P-1P-0P
	0T-0T-2T
	1T-1T-0T
0T-1T-1T
	3rd bullet

	
	1P-0P-0P
	0P-1P-0P
	1T-1T-0T
	0T-1T-1T
	3rd bullet

	
	Other cases omitted
	



2.3 Ambiguity case resolution
	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



As highlighted in the agreement above and discussed in the last section, a UE in switched and dual mode may not be able to resolve ambiguous conditions by existing RRC parameters (i.e., uplinkTxSwitching-DualUL-TxState). The ambiguous condition happens when a UE is to transmit a 1-port transmission on a carrier on one band, which lefts multiple choices (i.e., carriers on different bands) to the non-scheduled Tx. Companies commented that gNB knows the traffic condition of each carrier, and the gNB should able to configure/indicate the UE to switch the non-scheduled Tx to a band with more frequent traffic. We share the similar views to this comment. However, considering the case of SCell enable/disable procedure (e.g. by MAC CE or a timer), carriers on multiple bands should be indicated with different priorities. In case that a chosen carrier for ambiguous condition resolution is disabled, the gNB does not have to reconfigure another carrier through RRC signalling.
Observation 4: For determining solutions to resolve ambiguous switching state, SCell enable/disable procedures (e.g. by MAC CE or timer) should be considered.
There are some examples to indicate priorities among carriers/bands. In one example, a gNB configures a priority value to each carrier on a band, e.g. priority 3 to carrier 1, priority 1 to carrier 2, and priority 2 to carrier 3. When a UE is to choose one carrier on one band for ambiguous condition resolution, the UE compares the priority of each candidate carriers, then select the carrier with a lower/lowest (or higher/highest) priority value. In another example, the gNB configures priorities between carriers on two bands that associates with an ambiguous condition (e.g., some band pairs). For example, in a band pair configuration including band 1 and band 2, a gNB configures high priority to carriers on band 1 and low priority to carriers on band 2. When a UE is to select a carrier for the non-scheduled Tx, the UE chooses the carrier on band 1 based on the higher priority in the band pair. Comparing to the implementation in the first example, the implementation in the second example needs more RRC overhead, but it can configure a close loop priority structures among carriers on 3 or 4 bands. For example, carrier 1 has higher priority than carrier 2, carrier 2 has higher priority than carrier 3, and carrier 3 has higher priority than carrier 1.
[bookmark: _Hlk117069875]Proposal 4: For ambiguous antenna state resolution, UE determines the antenna operation state according to the carriers/bands priories configured by the gNB.
Regarding switching period location, in Rel. 16 and 17 UL, the gNB can configure, to the UE, one band out of two bands to have the switching period. It protects transmissions on carrier(s) on the band from being interrupted. Several options have been discussed and summarized by the feature lead as listed below.
	FL Proposal 4.2.1
· Study on how to reuse Rel-16/17 approach to determine the switching period location 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


Regarding options of switch-from and switch-to for all cases (i.e., Option 1, 3, and 5), a back and forth switching between carriers on 2 different bands will lead to having switching period on the protected carrier. One enhancement to this option is to indicate the switching period location dynamically (e.g. using DCI), but it may not applied to the transmission scheduled by a configured grant. On the other hand, in Rel. 16 and 17, only RRC configuration is applied, the carrier/band to be protected is not changing frequently, thus introducing dynamic indication may be an over design.
Observation 5: Options of configuring/indicating switch-from and switch-to (i.e., Option 1, 3, and 5) are not feasible to avoid interruption to a protected carrier/band. For example, a back and forth switching between the protected carrier/band and another carrier/band will lead to having switching period location on the protected carrier/band.
Regarding configuring specific band(s) for switching period location (i.e., option 2), it might have issues if a UE is to switch between 2 carriers that are configured to have switching period location, or to switch between 2 carriers that are configured not to have switching period location. Thus, this solution needs other solutions to resolve the contradict conditions.
Observation 6: Options of configuring specific band(s) for switching period location (i.e., Option 2) might result in contradict conditions. For example, switching between 2 carriers that are configured not to have switching period, or between 2 carriers that are configured to have switching period.
Similar to the  previous discussion on ambiguous condition resolution, indicating switching period location per band pair (i.e. Option 0) is a variation of defining priorities among carriers/bands (i.e. Option 4), except the closed loop priority structures. For both options, in some scenarios, if the UE is to switch-to and switch-from carrier(s) on the same band simultaneously by using different Tx, it may lead to 2 consecutive switching period locations. For example, a UE reported band pairs A-B(x), A-C(x), and B-C(x) with the switching period locations (noted with “x”) on band B, C, and C, respectively. Among these bands, only band A supports 2-port transmission. In one implementation, one Tx of the UE can switch between bands A and B, and another Tx can switch between bands A and C. If the UE is in the antenna state 1T-1T of band pair A-B, and the UE is to transmit respectively two 1-port transmissions (e.g. 1T-1T) on band A and band C, then one Tx needs to switch from the band A to band C(x), and another Tx needs to switch from the band B(x) to band A. This results in 2 consecutive switching period locations on carrier(s) on the band A, but it is not necessary, because 2 Tx could shares the same switching period location. In another implementation, one Tx of the UE supports only carriers on band A, and another Tx can switch between carriers on band A, B, and C. In this case, one Tx may have to switch from the carrier on band B to the carrier on band A, then switch to the carrier on band C. It takes a longer switching period that is identical to 2 consecutive shorter switching periods, but the UE cannot shorten the switching period by switching 2 Tx in one shorter switching period as the previous implementation. 
Observation 7: For the scenario that a UE is to transmit a 1-port transmission on a 1st carrier on a 1st band and a 1-port transmission on a 2nd carrier on a 2nd band (e.g., 1P-1P-0P), and preceding transmissions are a 1-port transmission on a 3rd carrier on a 3rd band and a 1-port transmission on a 4th (or 2nd) carrier on the 2nd carrier (e.g., 0P-1P-1P), the switching period location could be 2 shorter consecutive switching periods in different slots or 1 longer switching period in one slot, depending on different UE implementations.
Proposal 5: UE determines the switching period location based on carrier/band priorities configured by the gNB, with the principle that not to have the switching period location on the band with the higher/highest priority (e.g., Option 0 or 4). 
· [bookmark: _GoBack]FFS: How to address the different switching period location patterns due to different UE implementation.
3. Conclusion
Proposal 1: For UE supporting only some band(s) for up to 2-port UL transmission, there is no restriction on the minimum number of band(s) for 2-port UL transmission. 
Observation 1: In Rel. 16 and 17 switched UL mode, if a UE is to transmit a 1-port transmission on a 2-port capable band, the UE switches two Tx to the 2-port capable band.
Observation 2: For applying switched UL mode over 3 or 4 bands with at least 1 band supports only 1-port transmission, ambiguous antenna states resolution is needed.

Proposal 2: For switched UL mode, if UL switching over 3 or 4 bands is supported, introduce a new RRC parameter to resolve ambiguous antenna states (e.g., uplinkTxSwitching-SwitchedUL-TxState).
Observation 3: For applying switched UL mode over 3 or 4 bands with at least 2 bands supports only 1-port transmission, the legacy switching period determination rule for switched UL mode might introduce an unnecessary switching period with no purpose. 
Proposal 3 (text proposal): 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 NTx1-Tx2 on any of the carriers, if neither the scheduled carrier nor the carrier of the preceding uplink transmission are on the band that supports 2-port transmission, and the UE is not able to transmit the 1-port transmission with current antenna operation state.
Observation 4: For determining solutions to resolve ambiguous switching state, SCell enable/disable procedures (e.g. by MAC CE or timer) should be considered.
Proposal 4: For ambiguous antenna state resolution, UE determines the antenna operation state according to the carriers/bands priories configured by the gNB.
Observation 5: Options of configuring/indicating switch-from and switch-to (i.e., Option 1, 3, and 5) are not feasible to avoid interruption to a protected band. For example, a back and forth switching between the protected band and another band will lead to having switching period location on the protected band.
Observation 6: Options of configuring specific band(s) for switching period location (i.e., Option 2) might result in contradict conditions. For example, switching between 2 carriers that are configured not to have switching period, or between 2 carriers that are configured to have switching period.
Observation 7: For the scenario that a UE is to transmit a 1-port transmission on a 1st carrier on a 1st band and a 1-port transmission on a 2nd carrier on a 2nd band (e.g., 1P-1P-0P), and preceding transmissions are a 1-port transmission on a 3rd carrier on a 3rd band and a 1-port transmission on a 4th (or 2nd) carrier on the 2nd carrier (e.g., 0P-1P-1P), the switching period location could be 2 shorter consecutive switching periods in different slots or 1 longer switching period in one slot, depending on different UE implementations.
Proposal 5: UE determines the switching period location based on carrier/band priorities configured by the gNB, with the principle that not to have the switching period location on the band with the higher/highest priority (e.g., Option 0 or 4). 
· FFS: How to address the different switching period location patterns due to different UE implementation.
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