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Introduction
In RAN#94 meeting, a new Work Item was agreed to study the following objective. 
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· [bookmark: OLE_LINK104][bookmark: OLE_LINK105]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
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



This contribution provides some considerations on multi-carrier UL operation.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
During Rel-16 and Rel-17, UL Tx switching was specified, but only limited in up to 2 bands. There are some limitations for those two UL bands:
First, the UL bands can only be configured by RRC, UE can only do UL Tx switching among the carriers belonging to those two bands. There is no method to dynamic change to other bands, even if there are other frequency bands can be provided by the operator. Thus, less flexible for frequency resources and lower spectrum efficiency. 
Second, for 2Tx UE, although it can be operated in up to 2 bands, if there are more available candidate UL band for switching, it would provide more chances to find a suitable carrier based on the load and channel condition, in order to boost the UL capacity and throughput, and benefit UL date rate. The most important UE still can keep 2Tx capability without any hardware enhancement. We think it is a good way to do the UL improvement. Thus, we have the following proposal.
Proposal 1. Support the enhancement of UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs.
UL 1Tx-2Tx switching in 2 bands of inter-band EN-DC without SUL, inter-band UL CA and standalone SUL was supported in Rel-16. UL 2Tx-2Tx switching in 2 bands of SUL and NR inter-band uplink CA was introduced in Rel-17. Both are with maximum two concurrent transmissions. According to UL Tx switching among up to 3 or 4 bands, the Tx switching scheme can be based on Rel-16/17 UL Tx switching scheme, including:
· Support both of Option 1 'switchedUL' and Option 2  'dualUL' of mapping between UL transmission ports and Tx chains. Which one to support still up to UE capability signalling and configuration, as same as Rel-16/17. 
· Uplink Tx switching is triggered by all UL transmissions on different carriers among different UL bands. 
· One carrier in one band, or two contiguous carrier in one band can be considered.
· UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing.
Therefore, For Rel-18 UL Tx switching among 3 bands, examples of the mapping between UL transmission ports and Tx chain for inter-band UL CA are given. Option 1 is shown in Table 1, Option 2 in Table 2. According to 4 bands, Option 1 is shown in Table 3, Option 2 in Table 4. In the following examples, only one carrier is in one band is assumed. Accordingly, the mapping between UL transmission ports and Tx chain for two contiguous carriers on one band can also be involved. 
Table 1: Option 1 of UL transmission ports and Tx chain for inter-band UL CA, 3 Bands
	Band1-1Tx
Band2/3-2Tx
	Number of Tx chains (carrier 1 + carrier 2+ carrier 3)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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

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



Table 2: Option 2 of UL transmission ports and Tx chain for inter-band UL CA, 3 Bands
	Band1-1Tx
Band2/3-2Tx
	Number of Tx chains  (carrier 1 + carrier 2+ carrier 3)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2 + carrier 3)

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

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

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

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

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



Table 3: Option 1 of UL transmission ports and Tx chain for inter-band UL CA, 4 Bands
	Band1-1Tx
Band2/3/4-2Tx
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	Number of antenna ports for UL transmission(carrier 1 + carrier 2 + carrier 3 + carrier 4)

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



Table 4: Option 2 of UL transmission ports and Tx chain for inter-band UL CA, 4 Bands
	Band1-1Tx
Band2/3/4-2Tx
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2 + carrier 3 + carrier 4)

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

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

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

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

	Case2a
	0T+1T+1T+0T
	0P+1P+1P+0P, 0P+1P+0P+0P, 0P+0P+1P+0P

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

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

	Case 5
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 6
	0T+0T+0T+2T
	0P+0P+0P +2P, 0P+0P+0P +1P



Meanwhile, it needs to handle the case that the state of Tx chains after Tx switching is not unique for UL CA option 2 in the Table 2 and Table 4 with same highlight colors. Same method can be considered as Rel-17 UL Tx switching, a new RRC signalling is introduced for this purpose. 
Observation 1. For Rel-18 UL Tx switching among 3 bands or 4 bands, the Tx switching scheme can be based on Rel-16/17 UL Tx switching scheme, including:
· Support Option 1 and Option 2 of mapping between UL transmission ports and Tx chains
· Uplink Tx switching is triggered by all UL transmissions on different carriers among different UL bands.
· One carrier in one band, or two contiguous carrier in one band can be considered.
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing.
Observation 2. The state of Tx chains after Tx switching can be not unique for Option 2. 
Conclusion
In this contribution, we made the following observation and proposals.
Observation 1. For Rel-18 UL Tx switching among 3 bands or 4 bands, the Tx switching scheme can be based on Rel-16/17 UL Tx switching scheme, including:
· Support Option 1 and Option 2 of mapping between UL transmission ports and Tx chains
· Uplink Tx switching is triggered by all UL transmissions on different carriers among different UL bands.
· One carrier in one band, or two contiguous carrier in one band can be considered.
· UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing.
Observation 2. The state of Tx chains after Tx switching can be not unique for Option 2. 
Proposal1:  Support the enhancement of UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs.
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