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Introduction
RAN#94 in December 2021 approved a new WI on Multi-carrier enhancements, and the WID was further revised (schedule update and WI identifier) in RAN#95 in [1]. The second objective of the WI (copied below) is to be discussed in RAN1#109 under the agenda item 9.10.2 Multi-carrier UL Tx switching scheme. 
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL



Discussion
Framework for UL Tx switching across 3 or 4 bands
3GPP Rel-16 defines the UL Tx Switching for three different frameworks
· EN-DC, where the UE may switch one Tx between the LTE uplink and NR uplink
· Uplink CA, where the UE may switch one Tx between two NR uplinks within NR CA configuration
· Supplemental uplink, where the UE may switch one Tx between the regular uplink and supplemental uplink in a SUL-configured cell

The Rel-17 extension was not done for the EN-DC case. In principle supporting EN-DC cases where UL is switching between two (or three) NR bands, while the LTE band has a dedicated Tx would seem like a sub-case of SA Tx switching cases. Specification integration and additional capability indications would nevertheless add complication to the system, and the NR-side switching impacts on the LTE transmissions and receptions would be difficult to handle. Thus it would be more straight forward not to extend the EN-DC cases to support more than 2 bands. 
The NR CA case support is most obvious and should of course be the baseline operation.
The WID states that SUL is not to be extended from the current setup where 1 cell has one regular uplink and one supplemetal uplink. Support for configurations with two SUL-enabled cells (two cells with a regular UL and SUL in both) would seem pointless and no such band combinations are foreseen. The scenarios where there is one SUL-enabled cell, and another inter-band UL CA cell on a third band (inter-band UL CA where one of the cells is SUL-enabled) could be seen either as a UL Tx switching between the SUL carriers while the other cell’s UL would not be involved in the switching, or having the TXs switch between cells, and when on the cell with SUL carrier, also between that cell’s SUL and regular carriers. The additional combinations and capabilities are not that straight forward to define on top of the existing functionality and could be considered as not supported. 
Proposal 1: EN-DC cases are not considered for UL Tx switching schemes across up to 3 or 4 bands
Proposal 2: UL CA framework is extended to support UL Tx switching schemes across up to 3 or 4 bands
Proposal 3: Configurations with more than one SUL-enabled cell are not considered
Proposal 4: Consider if band combinations with one SUL-enabled cell is included in an inter-band UL CA configuration should be excluded from the work for UL Tx switching schemes across up to 3 or 4 bands.

Switching combinations
Rel-16/17 cases supported
3GPP Rel-16 defined support for UL Tx switching between two uplink bands where two Tx on one band can be switchied to one Tx on another band (denoted with 2Tx/0Tx to 0Tx/1Tx), or one Tx on each of the two bands (denoted with 2Tx/0Tx to 1Tx/1Tx). Release 17 introduced a possibility for switching from 2 Tx on one band to 2 Tx on another band (denoted with 2Tx/0Tx to 0Tx/2Tx). These supported Rel-16 / 17 UL TX switching options are illustrated in Figure 1 below.
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Figure 1: Rel-16 and Rel-17 UL Tx Switching cases

The Rel-16 and Rel-17 2-band combinations can be tabulated for simpler representation as shown in Table 1. The different abilities for simultaneous transmissions are shown as different cases. The sub-cases where a Tx could transmit something, but due to lack of something to send does not, are not shown.
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	1
	2(a
	3(b
	4(c

	Tx1
	B1
	B1
	No Tx
	B2

	Tx2
	B1
	B2
	B2
	B2


a) Rel-16 with uplinkTxSwitchingOption set to dualUL, not supported for EN-DC
b) Rel-16 with uplinkTxSwitchingOption set to switchedUL
c) Rel-17 extension, not supported for EN-DC


Rel-18 cases to be studied
The Rel-18 WI is targeted to investigate if the Rel-17 operation should be extended for switching between three of four bands. Nominally this sounds straight forward, but when the number of bands are extended, the number of possible Tx combinations increases significantly. In Table 4 and Table 5 the possible combinations for 3-band and 4-band setups are shown. Similarly to Rel-16/17 Table 1, the supported simultaneous transmit combinations are shown and the sub-cases, where not all the available antenna ports are actually used to transmit, are omitted. The underlying assumption is that the switching UE must support two transmit chains and be able to transmit a 2-port transmission at least on one band.
Proposal 5: The Rel-18 UL Tx Switching UE with > 2 bands shall support 2-port transmission on at least one band.

Table 2: 3-band UL Tx Switching cases with switchedUL options included
	
	1
	2
	3
	4
	5
	6
	7(note
	8(note

	Tx1
	B1
	B1
	B1
	B2
	B2
	B3
	No Tx
	No Tx

	Tx2
	B1
	B2
	B3
	B2
	B3
	B3
	B2
	B3


Note: SwitchedUL cases where even if one band is 1-port only, it still blocks Tx on the other band

[bookmark: _Ref101974860]Table 3: 4-band UL Tx Switching cases with switchedUL options included
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11(note
	12(note
	13(note

	Tx1
	B1
	B1
	B1
	B1
	B2
	B2
	B2
	B3
	B3
	B4
	No Tx
	No Tx
	No Tx

	Tx2
	B1
	B2
	B3
	B4
	B2
	B3
	B4
	B3
	B4
	B4
	B2
	B3
	B4


Note: SwitchedUL cases where even if one band is 1-port only, it still blocks Tx on the other band

Implementations and band combinations where one Tx is is able to transmit on a subset of bands of a band combination and switch between those bands, and another Tx is able to cover the remainder of the band combinations and switch between those could also be foreseen, adding to the mix.
· For 3-band band-combinations, there are essentially just two different Tx port combinations, one Tx port is always on one band, and the other switches between the other twor bands. This is illustrated in Table 4.
· For 4-band band-combinations, there are two different setups, both Tx ports can switch between two bands, or one of the Tx ports can cover one band, while the other can switch between 3 different bands. These are illustrated in Table 5 and Table 6 respectively.

The following cases have not been considered:
· Cases where the transmitters have a partial overlap in bands they can be transmitting on 
· SwitchedUL cases where even if one band is transmitting with 1-port only, it still blocks Tx on other bands
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	1
	2

	Tx1
	B1
	B1

	Tx2
	B2
	B3
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	1
	2
	3
	4

	Tx1
	B1
	B1
	B2
	B2

	Tx2
	B3
	B4
	B3
	B4




[bookmark: _Ref102067619]Table 6: 4-band UL Tx Switching cases when Tx1 is restricted to B1 and Tx2 to B2/B3/B4
	
	1
	2
	3

	Tx1
	B1
	B1
	B1

	Tx2
	B2
	B3
	B4



We assume that there are no cases where transmitters are able to transmit on the same band on some of the band combinations, but there were other bands in which only one of the two transmitters is capable of transmitting. We also assume that if such split of bands at the transmitters is allowed, cases where transmission with 1-port on one band would block any trasnmissions on any other bands (equivalent to SwitchedUL cases) are not considered in this work item.

Proposal 6: uplinkTxSwitchingOption = SwitchedUL cases where even if one band transmits with 1-port only, it still blocks all transmissions on another band should not be allowed
Proposal 7: Discuss whether to support cases where one Tx is able to transmit on a subset of bands of the band combination, and the other Tx is able to transmit on a different subset of bands of the band combination
Proposal 8: Discuss, if the cases of proposal 6 where both transmitters are not able to transmit on all the bands of the band combination are allowed, then should the band subsets be non-overlapping.

Conclusion
The following proposals with regard to UL Tx Switching across 3 or 4 bands are made:
Proposal 1: EN-DC cases are not considered for UL Tx switching schemes across up to 3 or 4 bands
Proposal 2: UL CA framework is extended to support UL Tx switching schemes across up to 3 or 4 bands
Proposal 3: Configurations with more than one SUL-enabled cell are not considered
Proposal 4: Consider if band combinations with one SUL-enabled cell is included in an inter-band UL CA configuration should be excluded from the work for UL Tx switching schemes across up to 3 or 4 bands.
Proposal 5: The Rel-18 UL Tx Switching UE with > 2 bands shall support 2-port transmission on at least one band.
Proposal 6: uplinkTxSwitchingOption = SwitchedUL cases where even if one band transmits with 1-port only, it still blocks all transmissions on another band should not be allowed
Proposal 7: Discuss whether to support cases where one Tx is able to transmit on a subset of bands of the band combination, and the other Tx is able to transmit on a different subset of bands of the band combination
Proposal 8: Discuss, if the cases of proposal 6 where both transmitters are not able to transmit on all the bands of the band combination are allowed, then should the band subsets be non-overlapping.
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