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Discussion
1      Introduction
The Rel-18 UL Tx switching objective in the WID on multi-carrier enhancements was updated in RAN #97 clarifying that the number of TAGs is limited to up to 2 in Rel-18 [1]. The previous RAN1 #110 had discussed this objective with the following working assumption achieved on the baseline switching mechanism and possible complexity reduction options [2].
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
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.

· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)

· FFS: at least one band pair should be supported as in Rel-17

· FFS: for both 3 and 4 bands cases or only for 4 bands case

· FFS: potential capability/RRC signaling

· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching

· FFS: at least two bands should support up to 2 Tx as in Rel-17

· FFS: for both 3 and 4 bands cases or only for 4 bands case

· FFS: for both switched UL and dual UL cases or only for dual UL case

· FFS: whether/how to reuse or extend existing capability/RRC signaling

· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns

· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17

· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary

· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)

· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period

· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary

· Option 4: UE is allowed to support only some of band pairs for tx switching

· FFS: at least one band pair should be supported as in Rel-17

· FFS: for both 3 and 4 bands cases or only for 4 bands case

· FFS: for switched UL and/or dual UL 

· FFS: potential capability/RRC signaling

· Other options are not precluded
In this contribution, we further discuss the switching mechanism and the listed complexity reduction options to support the Rel-18 UL Tx switching across up to 3 or 4 bands.
2      Discussion
2.1     UL Tx switching mechanism for inter-band UL CA Option 1

· Mapping between Tx chains and UL transmission antenna ports
For Rel-16 and Rel-17 inter-band UL CA case, when uplinkTxSwitchingOption is configured to 'switchedUL' , option 1 is chosen meaning that UE cannot be scheduled or configured with UL transmission on different bands simultaneously. The switching option configuration is inherited in Rel-18. Rel-16 and Rel-17 had discussed and agreed the mapping between Tx chains and UL transmission antenna ports for different configurations, helping to identify the cases requiring Tx switching period. We propose also to define the mapping for Rel-18 Tx switching across up to 3 or 4 bands. For the targeted inter-band UL CA Option 1 scenarios with and without SUL band, the mapping between Tx chains and UL transmission antenna ports are as follows. The same tables for the mapping are used if one or two of the bands A, B, C, D are the SUL bands. This section discusses the configuration all the 3 or 4 bands support up to 2Tx.
Proposal 1: For Rel-18 UL Tx switching across 3 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL band is defined as follows.

	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	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


Proposal 2: For Rel-18 UL Tx switching across 4 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL band is defined as follows.
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C+ Number of Tx chains for Band D
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C+ Number of antenna ports for UL transmission in Band D

	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


· Switching mechanism
For Rel-17 SUL and UL CA option 1 Tx switching between band A and band B, the following agreement had been achieved:
Agreement
· For SUL and UL CA option 1, if 1Tx-2Tx UL Tx switching or 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured, the switching period is only applicable when the UL transmissions are switched between band A and band B.

It can be extended to Rel-18 UL Tx switching across 3 or 4 bands for inter-band UL CA Option 1, i.e. the switching period is only applicable when the UL transmissions are switched between different bands. Since UE cannot be scheduled or configured with UL transmission on different bands simultaneously for inter-band UL-CA Option 1, the switching mechanism is the same no matter one or two SUL bands are configured.
Proposal 3: For inter-band UL CA Option 1, if Tx switching across 3 or 4 bands is configured, the switching period is only applicable when the UL transmissions are switched between different bands.
In the last RAN4 #104e meeting, the following agreements were reached regarding the length of switching period and the reply LS was sent to RAN1[3]:

“On the length of switching period:

· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.

· The length of switching period is applied per band pair for each band combination. 

· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.

· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.

· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.”
For a switching procedure of inter-band UL-CA Option 1, only two bands are actually involved thus the required switching period is the value applied for the involved band pair.
Proposal 4: For inter-band UL CA Option 1, if Tx switching across 3 or 4 bands is configured, the switching period for a switching procedure depends on the actually involved band pair.
2.2     UL Tx switching mechanism for inter-band UL CA Option 2
· Mapping between Tx chains and UL transmission antenna ports

When uplinkTxSwitchingOption is configured to 'dualUL', as option 2, UE can be scheduled or configured with UL transmission on different bands simultaneously. For the scenario inter-band UL CA Option 2, the mapping between Tx chains and UL transmission antenna ports considering 3 or 4 bands each supporting maximum 2Tx chain are as below proposals. If one or two of the bands A, B, C, D are the SUL bands, the limitation is UE cannot be scheduled or configured with UL transmission on NUL and SUL bands belonging to one cell simultaneously, the cases would be a subset of the cases in the tables.
Proposal 5: For Rel-18 UL Tx switching across 3 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 2 is defined as follows.
· If there is(are) SUL band(s) within band A, B, C, D, subset of the cases applies.
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	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

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

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

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


Proposal 6: For Rel-18 UL Tx switching across 4 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 2 is defined as follows.
· If there is(are) SUL band(s) within band A, B, C, D, subset of the cases applies.

	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C+ Number of Tx chains for Band D
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C+ Number of antenna ports for UL transmission in Band D

	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

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

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

	Case 7
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 9
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 10
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


· Switching mechanism
For inter-band UL CA Option 2, if Tx switching across 3 or 4 bands is configured, the switching period is applicable in the following possible cases. If one or two SUL bands are configured, supporting simultaneous UL transmission on different bands other than NUL and SUL bands belonging to one cell would not bring additional switching cases.
1) If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has a 2-port transmission on at least one carrier on one of other bands.
The current specification has similar case as:
	-
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 [image: image1.png]N.- Tx1-Tx?



 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 [image: image2.png]N.- Tx1-Tx?



 on any of the carriers.


2) If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier.

When this switching case involves 3 bands, it is a new case in Rel-18.

3) If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission only has a 1-port transmission on at least one carrier on one of other bands.
The state of Tx chains after Tx switching is not unique in this case similar as in Rel-17. For instance, if the current state of Tx chains is 2T+0T+0T for 3 bands Tx switching and the next UL transmission is 1-port transmission on band B, since 0P+1P+0P can be mapped to either 0T+2T+0T or 1T+1T+0T or 0T+1T+1T, then what’s the state of Tx chains after Tx switching? Another example, if the current state of Tx chains is 2T+0T+0T+0T for 4 bands Tx switching and the next UL transmission is 1-port transmission on band B, since 0P+1P+0P+0P can be mapped to either 0T+2T+0T+0T or 1T+1T+0T+0T or 0T+1T+1T+0T or 0T+1T+0T+1T, then what’s the state of Tx chains after Tx switching? Since this issue was solved by RRC configuring the state of Tx chains after Tx switching in Rel-17, the same principle could also be reused in Rel-18. To be band number agnostic, RRC can configure the UE to consider this as if 1-port transmission was transmitted on both current 2Tx band and the next transmitting band, or the UE to consider this as if 2-port transmission on the transmitting band.
The current specification has similar case as:
	-
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 [image: image3.png]N.- Tx1-Tx?



 on any of the carriers. 

-
For the UE configured with uplinkTxSwitchingOption set to 'dualUL', 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 and the UE is under the operation state in which 2-port transmission can be supported in the same band, then the UE is not expected to transmit for the duration of [image: image4.png]N.- Tx1-Tx?



 on any of the carriers.

-
For the UE configured with uplinkTxSwitchingOption set to 'dualUL', if the UE is configured with OneT with uplinkTxSwitching-DualUL-TxState, when the UE is under the operation state in which 2-port transmission can be supported on one carrier on one band followed by no transmission on any carrier on the same band and 1-port transmission on the other carrier on another band the UE shall consider this as if 1-port transmission was transmitted on both uplinks, otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier.


4) If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has a 2-port transmission on at least one carrier on a band.
When this switching case involves 2 bands, the current specification has covered similar case as:
	-
For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on a carrier on the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same band, then the UE is not expected to transmit for the duration of [image: image5.png]N.- Tx1-Tx?



 on any of the carriers.


When this switching case involves 3 bands, it is a new case in Rel-18.
5) If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier, at least one of the next transmitting two bands is different than the two current 1Tx bands.

This switching case is a new case in Rel-18.
6) If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission only has a 1-port transmission on at least one carrier on a third band.

This case also has multiple state of Tx chains after Tx switching. An example is if the current state of Tx chains is 1T+1T+0T for 3 bands Tx switching and the next UL transmission is 1-port transmission on band C, since 0P+0P+1P can be mapped to either 0T+0T+2T or 1T+0T+1T or 0T+1T+1T, then what’s the state of Tx chains after Tx switching? Another example for 4 bands Tx switching is if the current state of Tx chains is 1T+1T+0T+0T and the next UL transmission is 1-port transmission on band C, since 0P+0P+1P+0P can be mapped to either 0T+0T+2T+0T or 1T+0T+1T+0T or 0T+1T+1T+0T or 0T+0T+1T+1T, then what’s the state of Tx chains after Tx switching? As a band number agnostic way, RRC can configure the UE to consider this as if 1-port transmission was transmitted on both the next transmitting band and one of current 1Tx band, or the UE to consider this as if 1-port transmission was transmitted on both the next transmitting band and the other of current 1Tx band, or the UE to consider this as if 2-port transmission on the transmitting band.
This switching case is a new case in Rel-18.
By the discussion, it is observed the specification impact is to cover the above 4 new cases requiring a switching period in Rel-18. Thus the proposals are:
Proposal 7: For inter-band UL CA Option 2, if Tx switching across 3 or 4 bands is configured, the switching period is applicable in the following cases:

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has a 2-port transmission on at least one carrier on one of other bands.

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier.

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission only has a 1-port transmission on at least one carrier on one of other bands.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has a 2-port transmission on at least one carrier on a band.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier, at least one of the next transmitting two bands is different than the two current 1Tx bands.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission only has a 1-port transmission on at least one carrier on a third band.

Proposal 8: Reuse the Rel-17 RRC configuration principle to address the issue that the state of Tx chains after Tx switching may not be unique.
For inter-band UL CA Option 2, switching the Tx chain a time involves 2 or 3 or 4 bands in Rel-18. However, RAN4 agreed the switching period is indicated for 1Tx-2Tx and 2Tx-2Tx for each band pair. It needs to be determined which switching period is applied for Rel-18 Tx switching. When the actually involved band number for a switching procedure is 2, it is nature to apply the switching period of the involved band pair. When the actually involved band number for a switching procedure is 3 or 4, in our view, among the switching periods related to all the possible band pairs as the previous and next bands of the one or two switched Tx, the maximum length switching period is applied. For example, for Tx switching across 4 bands of band A, B, C and D, if the current state of Tx chains is 1Tx on band A and 1Tx on band B, the next UL transmission has simultaneous 1-port transmission on bands C and D, it is possible that the Tx switching can be conducted from band A to C, B to D or from band A to D, B to C, and the maximum length among the switching periods corresponding to the band pairs A&C, B&D, A&D, B&C is applied.
Proposal 9: For inter-band UL CA Option 2, if Tx switching across 3 or 4 bands is configured, the maximum length switching period is applied for a switching procedure, among the switching periods corresponding to all the possible band pairs as the previous and next bands of the switched Tx.
2.3     UL Tx switching among bands with intra-band CA 
In Rel-17 Tx switching, if one band has 2 contiguous carriers, the same number of Tx chain is applied to intra-band UL carriers in one band. For Rel-18 UL Tx switching across up to 3 or 4 bands, the same mechanism can be used for intra-band CA carriers. UL Tx switching only occurs when the current and previous UL transmission involve different bands.
Proposal 10: For Rel-18 UL Tx switching across up to 3 or 4 bands, the same number of Tx chain is applied to intra-band UL carriers in one band.
2.4     Options for UE complexity reduction
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
For option 1 allowing UE to support only some of concurrent UL cases (band pairs), there was a RAN4 agreements regarding concurrent UL transmission on 2 bands in the reply LS [3]:
“For UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands at least requires UL CA support on the corresponding band pair(s) by the UE.”
It means for UL Tx switching across 3 and 4 bands, the support of concurrent UL transmission on 2 (out of 3 or 4) bands is depending on whether UL CA on the 2 bands is supported or not. Concurrent UL transmission may not be possible for all band pairs. For example, in the RAN4 Rel-18 SI on enhancement of 700/800/900MHz band combinations, the feasibility of UL CA on 700/800/900MHz related band combinations is still under study. Thus the support of concurrent UL transmission on band pairs should depend on UE capability. Whether option 1 is for both 3 and 4 bands cases or only for 4 bands case can depend on UE capability. When the UE does not support concurrent UL transmission on any of the band pair out of configured bands for Rel-18 UL Tx switching, 'switchedUL' can be reported. If the UE reports 'dualUL', at least one band pair should support concurrent UL transmission. Similar as inter-band UL CA option 2 with SUL, not supporting concurrent UL transmission on some band pairs, subset of switching cases applies. From the specification perspective, all the possible UL Tx switching cases are supported in the specification.
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching

As we know, the support of 2Tx chains is an optional feature for each band, and typically it is easier to support 2Tx for bands at higher frequencies compared to the bands at lower frequency. For the 3 or 4 bands in Re-18 Tx switching scenario, we can expect that 2Tx is supported at least on one of the 3/4 bands, similar to Rel-16/17 switching scenario. Meanwhile, 2Tx is not expected to be supported on all the 3 or 4 bands in different band combinations. Whether option 2 is for both 3 and 4 bands cases or only for 4 bands case can also depend on UE capability.
For inter-band UL CA Option 1, if there is a band supporting only 1Tx chain, then 2 antenna ports for UL transmission on that band is not supported, the 1Tx on the band maps to 1 antenna port UL transmission on that band. For example, if only 1Tx chain is supported for Band A, case 1 in proposal 3 needs to be modified to 1T+0T+0T/1P+0P+0P, case 1 in proposal 4 needs to be modified to 1T+0T+0T+0T /1P+0P+0P+0P. For inter-band UL CA Option 2, if there is a band supporting only 1Tx chain, the Tx chains and UL transmission antenna ports mapping case with 2T on that band is removed. For example, if only 1Tx chain is supported for Band A, cases 1 in proposal 5,6 need to be removed. It is observed if one or multiple of the 3 or 4 bands support(s) only 1Tx chain, the mapping cases between Tx chains and UL transmission antenna ports are reduced. The switching cases are subset of the switching cases when all the 3 or 4 bands support up to 2Tx.

· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
Option 3 is considered to support a sharing of UE memory across bands. When the switching case requires memory flushing and reloading, more preparation procedure time is needed and the increased preparation time can be based on UE capability. In the current specification, the switching period is included in the preparation procedure time. We think the definition of interruption time is the gap that UE can’t do any UL transmission, it is within the preparation procedure time and includes the switching period. Within the preparation procedure time, the interruption time other than the switching period might be avoided by gNB scheduling in some cases.
· Option 4: UE is allowed to support only some of band pairs for tx switching

This option limits the flexibility for one Tx switching procedure and would result in more switching times with possible longer total switching period. For example, Tx switching is performed across 3 bands and Tx switching is not supported between the second band and the third band. When the current state of Tx chains is 2Tx on the second band, and the third band is the best band for next UL transmission, the Tx should switch to the first band firstly and then switch from the first band to the third band. The switching period takes the two switching times into account which may be longer than directly switching from the second to the third band.

Proposal 11: For Rel-18 UL Tx switching across up to 3 or 4 bands, to reduce UE complexity,

· UE is allowed to support only some of concurrent UL cases on 2 (out of 3 or 4) bands.
· UE is allowed to support 2 ports transmission only on at least 1 band out of configured bands.

· UE is allowed with more preparation procedure time only for some specific switching cases/patterns.
3      Conclusion
In this contribution, we discussed Rel-18 UL Tx switching across up to 3 or 4 bands. Based on the discussion, we have following proposals:
Proposal 1: For Rel-18 UL Tx switching across 3 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL band is defined as follows.
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	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


Proposal 2: For Rel-18 UL Tx switching across 4 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL band is defined as follows.
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C+ Number of Tx chains for Band D
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C+ Number of antenna ports for UL transmission in Band D

	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


Proposal 3: For inter-band UL CA Option 1, if Tx switching across 3 or 4 bands is configured, the switching period is only applicable when the UL transmissions are switched between different bands.
Proposal 4: For inter-band UL CA Option 1, if Tx switching across 3 or 4 bands is configured, the switching period for a switching procedure depends on the actually involved band pair.

Proposal 5: For Rel-18 UL Tx switching across 3 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 2 is defined as follows.
· If there is(are) SUL band(s) within band A, B, C, D, subset of the cases applies.
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	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

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

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

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


Proposal 6: For Rel-18 UL Tx switching across 4 bands each supporting maximum 2Tx chain, the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 2 is defined as follows.
· If there is(are) SUL band(s) within band A, B, C, D, subset of the cases applies.

	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C+ Number of Tx chains for Band D
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C+ Number of antenna ports for UL transmission in Band D

	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

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

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

	Case 7
	1T+0T+0T+1T
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 9
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 10
	0T+0T+1T+1T
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P


Proposal 7: For inter-band UL CA Option 2, if Tx switching across 3 or 4 bands is configured, the switching period is applicable in the following cases:

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has a 2-port transmission on at least one carrier on one of other bands.

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier.

· If the current state of Tx chains is 2Tx on one band and 0Tx on other bands, the next UL transmission only has a 1-port transmission on at least one carrier on one of other bands.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has a 2-port transmission on at least one carrier on a band.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission has simultaneous 1-port transmission on two bands each on at least one carrier, at least one of the next transmitting two bands is different than the two current 1Tx bands.

· If the current state of Tx chains is 1Tx on one band and 1Tx on another band, the next UL transmission only has a 1-port transmission on at least one carrier on a third band.

Proposal 8: Reuse the Rel-17 RRC configuration principle to address the issue that the state of Tx chains after Tx switching may not be unique.
Proposal 9: For inter-band UL CA Option 2, if Tx switching across 3 or 4 bands is configured, the maximum length switching period is applied for a switching procedure, among the switching periods corresponding to all the possible band pairs as the previous and next bands of the switched Tx.
Proposal 10: For Rel-18 UL Tx switching across up to 3 or 4 bands, the same number of Tx chain is applied to intra-band UL carriers in one band.
Proposal 11: For Rel-18 UL Tx switching across up to 3 or 4 bands, to reduce UE complexity,

· UE is allowed to support only some of concurrent UL cases on 2 (out of 3 or 4) bands.
· UE is allowed to support 2 ports transmission only on at least 1 band out of configured bands.

· UE is allowed with more preparation procedure time only for some specific switching cases/patterns.
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