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Discussion
1      Introduction
Based on the Rel-18 UL Tx switching objective in the WID on multi-carrier enhancements, RAN1 discussed UL Tx switching across up to 3 or 4 bands in the last #109e meeting.
In RAN #96, the WID was updated as [1] and the target scenarios for Rel-18 UL Tx switching were further discussed with the following proposal agreed [2].
	RAN provides following guidance to RAN1/2/4.

· If Rel-18 UL Tx switching is supported, 

· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands in Q3 2022

· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band

· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)

· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed

· Note: switching across any band in this scenario is not precluded

· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands

· Further check additional scenarios in RAN#97e, e.g.,

· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}

· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)

· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching


In this contribution, we discuss the mechanisms to support the Rel-18 UL Tx switching across up to 3 or 4 bands.
2      Discussion
2.1     Framework for Rel-18 UL Tx switching mechanism
In the last RAN1 meeting, the following possible mechanisms were proposed for companies to investigate to support dynamic Tx switching across up to 3 or 4 bands [3].
Agreement
Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded
· 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 UL grant and/or RRC configuration for UL transmission

Alt.1 provides full flexibility for UL scheduling to utilize the available UL carriers. Similar as Rel-16/Rel-17 specification procedure, the mapping between Tx chains and UL transmission antenna ports needs to be listed for total 3 or 4 bands cases. Then the Tx switching cases are to be identified based on it as wells as the switching cases having ambiguity issues. It can be considered whether Rel-17 RRC configuration principle could be reused to address the ambiguity issues. 
Since there could be one or some of the bands not supporting up to 2Tx, and intra-band two contiguous aggregated carriers within a band out of 3 or 4 bands, some companies thought the Tx chain antenna ports mapping cases are too many, and the switching cases are too complex to be specified. However, we think the number of mapping and switching cases to be discussed is not as many as it seems. The switching configuration that each band supporting maximum 2Tx chain has the universal set of mapping and switching cases, which should be discussed firstly. Other switching configurations for band(s) not supporting up to 2Tx do not bring more switching cases. If one band has two contiguous aggregated carriers, in Rel-17 Tx switching, the same state of Tx chain is applied to the intra-band contiguous carriers within the 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.

The switching cases can be classified and some of them are already covered by the current specification. The specification impact is to capture several new Tx switching cases. The detailed switching mechanism for the targeted scenarios is discussed in the following sections. Under Alt.1 framework, there are ways to be discussed to address the concern on UE/gNB complexity increase.
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
Alt.2 intends to reuse Rel-16/17 UL Tx switching as much as possible, and avoids the discussion on the new switching cases based on new tables and the corresponding ambiguity issues for Rel-18 UL Tx switching across more bands. To indicate 2 bands out of the 3 or 4 bands, MAC-CE signaling needs to be introduced or DCI design needs to be discussed, such as whether a new DCI field is introduced. Sending indicating signaling requires additional overhead. Whether to define the initial state after receiving the 2 bands switching signaling is another issue to be considered.
When the current and previous UL transmission involve bands belonging to different indicated band pairs, the switching period for alt. 2 would have 2 components. The first component is caused by the indicated band pairs changing, which may need to consider all the bands within the previous band pair and the indicated band pair. If the UE is required to feedback confirmation information for the DCI or MAC CE signaling, it will cause additional delay, such as k0 + k1+3ms delay in case of MAC-CE. The second component results from switching within the indicated band pair if the Tx state is different from the initial state. Comparing with alt. 1 with one component switching period based on only the involved bands, the total switching period for alt.2 may be larger than alt. 1 for some cases. An example is when the current and previous UL transmission involve only two bands, but the two bands are not within the same indicated band pairs, the switching period for alt.1 may be the same as in Rel-17. However, for this case the switching period of alt.2 still consists 2 components. 
On another hand, when DCI or MAC-CE indicates the band pair changing, how to deal with the periodic SR/SRS or UL configured grant PUSCH on the carrier within the original band pair also needs discussion.
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
Alt.3 selects one anchor band among the 3 or 4 bands aiming to simplify the UE implementation for Rel-18 Tx switching. However, whether the UE’s memory and processing capability resource could actually be simplified by this alternative is not clear. 
This alternative limits the flexibility for one switching time and would result in more switching times with possible longer total switching period. For example, when Tx switching is performed across 3 bands and the first band is the anchor band, if 2Tx on the second band needs to switch to the third band, it 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.
Based on the above, we propose:
Proposal 1: For Rel-18 UL Tx switching across up to 3 or 4 bands, the same state of Tx chain is applied to the intra-band two contiguous carriers within a band.

Proposal 2: For Rel-18 UL Tx switching across up to 3 or 4 bands, dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.
2.2     UL Tx switching mechanism for inter-band UL CA Option 1 with and without SUL band
· 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. This section discusses the configuration all the 3 or 4 bands support up to 2Tx. As suggested by RAN plenary, it is focused that one of the band A, B, C, D can be the SUL band.
Proposal 3: 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 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

	Note: It is focused in Q3 2022 that one of the band A, B, C can be the SUL band.


Proposal 4: 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 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

	Note: It is focused in Q3 2022 that one of the band A, B, C, D can be the SUL band.


· 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 with and without SUL, i.e. the switching period is only applicable when the UL transmissions are switched between different bands. 

Proposal 5: For inter-band UL CA Option 1 with and without SUL, 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.

2.3     UL Tx switching mechanism for inter-band UL CA Option 2 without SUL band
· 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 focused scenario inter-band UL CA Option 2 without SUL band, the mapping between Tx chains and UL transmission antenna ports considering 3 or 4 bands each supporting maximum 2Tx chain are proposed.
Proposal 6: 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 without SUL 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

	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 7: 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 without SUL 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

	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, switching the Tx chain a time involves 2 or 3 or 4 bands in Rel-18. In Rel-16 and Rel-17 Tx switching, the switching period is indicated by UE capability separately for 1Tx-2Tx and 2Tx-2Tx per band pair. In Rel-18, whether same way for switching period indication per band pair can be reused is to be discussed by RAN4. This section discusses the switching mechanism for inter-band UL CA Option 2 without SUL, leaving the switching period discussion. 
For inter-band UL CA Option 2 without SUL, if Tx switching across 3 or 4 bands is configured, the switching period is applicable in the following 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 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 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 8: For inter-band UL CA Option 2 without SUL, 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 9: Reuse the Rel-17 RRC configuration principle to address the issue that the state of Tx chains after Tx switching may not be unique.
2.4     Switching configurations with one or multiple of the 3 or 4 bands support(s) only 1Tx chain

The following possible switching configurations were suggested to be considered in the last RAN1 meeting.
· For 3 bands case

· Switching configuration.3-1: all the 3 bands support up to 2Tx

· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx

· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx

· For 4 bands case

· Switching configuration.4-1: all the 4 bands support up to 2Tx

· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 

· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 

· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 

· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 
For inter-band UL CA Option 1 with and without SUL, if there is a band supporting only 1Tx chain, 2 antenna ports for UL transmission on that band is not supported. 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.

Observation 1: For Rel-18 UL Tx switching, if one or multiple of the 3 or 4 bands support(s) only 1Tx chain, 1Tx on a band maps to 1 antenna port UL transmission on that band as the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL.

For inter-band UL CA Option 2 without SUL, the mapping cases in proposal 6,7 are listed considering each band can support maximum 2Tx chain. If there is a band supporting only 1Tx chain, the case with 2T on that band is removed. For example, if only 1Tx chain is supported for Band A, cases 1 in proposal 6,7 need to be removed.
Observation 2: For Rel-18 UL Tx switching, if one or multiple of the 3 or 4 bands support(s) only 1Tx chain, there is no case with 2Tx on a band supporting only 1Tx chain mapping to 2 or 1 antenna port UL transmission on that band for inter-band UL CA Option 2 without SUL.
As is observed from observation 1 and 2, 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. Since 1Tx-2Tx, 2Tx-2Tx UL Tx switching is reported by UE capability and configured by gNB in the previous release, the switching configurations with at least 1 band out of 3 or 4 bands supporting up to 2Tx are also based on UE capability and gNB configuration in Rel-18.
Proposal 10: For Rel-18 UL Tx switching, at least 1 band out of 3 or 4 bands supports up to 2Tx.
2.5     UL CA with SUL scenarios to be checked in RAN#97e
For inter-band UL-CA Option 1, since UE cannot be scheduled or configured with UL transmission on different bands simultaneously, the switching mechanism is the same no matter one or two SUL bands are configured.
For inter-band UL-CA Option 2 configuring one or two SUL bands, UE cannot be scheduled or configured with UL transmission on NUL and SUL bands belonging to one cell simultaneously. Supporting simultaneous UL transmission on other different bands would not bring additional switching cases. The switching cases are a subset of the cases for inter-band UL CA Option 2 without SUL scenario.
Observation 3: From RAN1 perspective, supporting two SUL bands configuration, and supporting simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL) would not bring additional switching cases for Rel-18 UL Tx switching.
3      Conclusion
In this contribution, we discussed the RAN1 issues on Rel-18 uplink Tx switching across up to 3 or 4 bands. Based on the discussion, we have following proposals and observation.
Proposal 1: For Rel-18 UL Tx switching across up to 3 or 4 bands, the same state of Tx chain is applied to the intra-band two contiguous carriers within a band.

Proposal 2: For Rel-18 UL Tx switching across up to 3 or 4 bands, dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.

Proposal 3: 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 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

	Note: It is focused in Q3 2022 that one of the band A, B, C can be the SUL band.


Proposal 4: 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 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

	Note: It is focused in Q3 2022 that one of the band A, B, C, D can be the SUL band.


Proposal 5: For inter-band UL CA Option 1 with and without SUL, 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 6: 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 without SUL 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

	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 7: 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 without SUL 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

	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 8: For inter-band UL CA Option 2 without SUL, 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 9: Reuse the Rel-17 RRC configuration principle to address the issue that the state of Tx chains after Tx switching may not be unique.
Observation 1: For Rel-18 UL Tx switching, if one or multiple of the 3 or 4 bands support(s) only 1Tx chain, 1Tx on a band maps to 1 antenna port UL transmission on that band as the mapping between Tx chains and UL transmission antenna ports for inter-band UL CA Option 1 with and without SUL.

Observation 2: For Rel-18 UL Tx switching, if one or multiple of the 3 or 4 bands support(s) only 1Tx chain, there is no case with 2Tx on a band supporting only 1Tx chain mapping to 2 or 1 antenna port UL transmission on that band for inter-band UL CA Option 2 without SUL.
Proposal 10: For Rel-18 UL Tx switching, at least 1 band out of 3 or 4 bands supports up to 2Tx.
Observation 3: From RAN1 perspective, supporting two SUL bands configuration, and supporting simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL) would not bring additional switching cases for Rel-18 UL Tx switching.
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