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1. Introduction
In RAN#94e, multi-carrier enhancements for NR were approved [1]. The following enhancements for multi-carrier UL operation were agreed to be studied.

	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
· 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


In RAN#96, the target scenarios for Rel-18 UL Tx switching was discussed and the following proposal was agreed to provide guidance to WGs for August meeting discussion. 

	Proposal:

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
· Other 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 focus on the cases agreed in RAN#96 meeting, discuss the scenarios and switching period for Rel-18 UL Tx switching, and provide our views.

2. Discussion
2.1 Scenarios

In order to help understand the switching across more than 2 bands better, we provide some possible band combinations for each scenario agreed in RAN#96 meeting.
· Secnario#1: Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
Figure 1 shows one example scenario for inter-band UL-CA option 1 (i.e. switched UL) between 3 carriers. In Figure 1, CA combination is CA_n28A-n41A-n79A with unaligned CA between n41 and n79. With such configuration, UE can transmit on all UL symbols in time domain by switching between 3 UL carriers. 
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Figure 1: inter-band UL CA option 1 (i.e. switched UL)
Figure 2 shows one example scenario for inter-band UL-CA option 2 (i.e. dual UL) between four carriers. In Figure 2, CA combination is CA_n8A-n28A-n41A-n79A. Same as illustrated in Figure 1, unaligned CA is configured between n41 and n79. With such configuration, UE can transmit on all UL symbols in time domain. With dual uplink transmission for n28 and n3, the uplink throughput can be further improved since UL-MIMO is not supported for these two bands in existing spec.
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Figure 2: inter-band UL CA option 2 (i.e. dual UL)
· Scenario#2: Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
In case#2, there is no concurrent transmission between uplink carriers. Figure 3 shows one example scenario for inter-band UL CA option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 NUL band. In Figure 3, SUL band combination with CA is CA_n41A_SUL_n79A-n95A or CA_n79A_SUL_n41A-n95A depending on the UL configuration for SUL. Same as previous scenarios, with unaligned CA configured between n41 and n79, all uplink symbols can be transmitted in time domain.
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Figure 3: inter-band UL CA option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 NUL band
· Scenario#3: Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
Figure 4 shows one example scenario for Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 bands. In Figure 4, SUL band combination with CA is CA_n79A_SUL_n41C-n95 or CA_n41C_SUL_n79A-n95 depending on the UL configuration for SUL. Same as previous scenarios, with unaligned CA configured between n41 and n79, all uplink symbols can be transmitted in time domain.
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Figure 4: Intra-band two contiguous aggregated carriers within one non-SUL band within one non-SUL band out of 3 bands
2.2 Switching period

In Rel-16 and Rel-17 UL Tx switching between different cases across 2 carriers based on SUL and NR inter-band UL CA for UE supporting maximum two concurrent transmissions are specified. For inter-band UL CA, whether concurrent uplink transmission is allowed for UL CA refers to UE capability option 1 (switched UL) and option 2 (dual UL). 

In Rel-16, switching period is specified for switching between 1T+1T and 0T+2T. In Rel-17, additional cases are introduced for switching between 0T+2T and 2T+0T. The switching period between different cases are the same. The candidate values for uplinkTxSwitchingPeriod is 35us, 140us, 210us. 
In Rel-18, considering UL Tx switching across 3 or 4 bands, the switching cases can be summarized in table 1 and table 2. It can be seen that the cases are very similar with Rel-16/Rel-17 Tx switching. So we propose the same framework and switching period can be reused for Rel-18

Proposal: Reuse switching period for Rel-18 UL Tx switching across 3 or 4 bands, i.e. 35us, 140us, 210us.

Table 1: UL Tx switching in the 3-bands scenario
	
	Number of Tx chains

Carrier 1+Carrier 2+Carrier 3

	Case 1
	2T+0T+0T

	Case 2
	0T+2T+0T

	Case 3
	0T+0T+2T

	Case 4
	1T+1T+0T

	Case 5
	1T+0T+1T

	Case 6
	0T+1T+1T


Table2: UL Tx switching in the 4-bands scenario
	
	Number of Tx chains

Carrier 1+Carrier 2+Carrier 3+Carrier 4 

	Case 1
	2T+0T+0T+0T

	Case 2
	0T+2T+0T+0T

	Case 3
	0T+0T+2T+0T

	Case 4
	0T+0T+0T+2T

	Case 5
	1T+1T+0T+0T

	Case 6
	1T+0T+1T+0T

	Case 7
	1T+0T+0T+1T

	Case 8
	0T+1T+1T+0T

	Case 9
	0T+1T+0T+1T

	Case 10
	0T+0T+1T+1T


3. Conclusions
In this contribution, we provide some possible band combinations for each scenario agreed in RAN#96 meeting and discuss the switching period. 

Proposal: Reuse switching period for Rel-18 UL Tx switching across 3 or 4 bands, i.e. 35us, 140us, 210us.
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