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[bookmark: _Ref506539118]Introduction
In NR multi-carrier enhancements, the following objectives have been identified [1]:
· 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 the contribution, we present our views on multi-carrier UL Tx switching scheme. Our views on multi-cell scheduling with a single DCI are described in our companion contribution [2]. 
Discussions on Tx switching schemes
Tx switching schemes
In Rel-16, 1Tx-2Tx switching was specified to allow switching between case 1 and case 2 as illustrated in Table 1, for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmissions. 
[bookmark: _Ref101014467]Table 1. Rel-16 1Tx-2Tx switching
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T


Further, in Rel-17, 2Tx-2Tx switching was specified between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions, as illustrated in Table 2 and Table 3, respectively. In addition, Tx switching was supported in Rel-17 between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL or non-SUL and band B is a non-SUL band. Since the same number of available Tx chains is always assumed for the two carriers on band B, the operation of the 3 carriers on band A & B is similar to the case of two carriers on two bands. 
[bookmark: _Ref101014446]Table 2. Rel-17 2Tx-2Tx switching for SUL band combination, or uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	0T+2T

	Case 2
	2T+0T


[bookmark: _Ref101014449]Table 3. Rel-17 2Tx-2Tx switching for uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



In Rel-18, Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs was listed as one of the objectives for further study. The basic concept is to allow configuration and activation of more than two bands, but for a given time, at most uplink signal/channels on 2 Tx chains can be concurrently transmitted. Figure 1 illustrates one example of dynamic Tx switching across 4 bands. 
[image: ]
[bookmark: _Ref101027617]Figure 1. Dynamic Tx switching across 4 bands

Tx switching time
In Rel-16/17, length of UL Tx switching period can be {35us, 140 us, 210us} for SUL and UL CA, and {35us, 140 us} for EN-DC, which also depends on UE capability. In FR1, the largest Tx switching duration (210us) corresponds to roughly 3 and 6 symbols with 15kHz and 30kHz subcarrier spacing, respectively. 
Note that this is under the assumption that UE only needs to switch Tx between two bands for uplink transmission in Rel-16/17. However, for Rel-18 multi-carrier Tx switching scheme, this assumption may not hold given that UE needs to switch across 3 or 4 bands for uplink transmission. In this case, if UE needs to carry out any other operations than mere RF chain power ramping up, e.g., UE may need to load certain parameters into RF network before it actually performs dynamic Tx switching in case more than two bands are activated, longer Tx switching time may be expected compared to what was defined in Rel-16/17. 

Observation 1
· For Rel-18 multi-carrier Tx switching scheme, longer Tx switching time may be expected compared to what was defined in Rel-16/17, if UE needs to carry out any other operations than mere RF chain power ramping up. 

Potential benefits
For Rel-18 multi-carrier Tx switching mechanisms, if more than 2 bands are configured and activated, frequency selectivity can be exploited by the gNB given the fact that channel conditions for different bands can be vastly different. In this case, gNB may select the carriers or bands with best channel conditions for PUSCH transmission using Tx switching mechanism among 3 or 4 bands, which can help improve the coverage performance. Note that the coverage performance improvement may also depend on TDD UL/DL configurations in different bands. 
Further, depending on traffic situations at a UE, gNB may trigger the UE to switch from a band with narrower channel bandwidth to a band with wider channel bandwidth. With such a dynamic Tx switching and resource assignment, a higher UE throughput may be expected. Figure 2 illustrates one example of dynamic Tx switching across 3 bands. In the example, UE is triggered to transmit a PUSCH in a band with wider channel bandwidth. 
[image: ]
[bookmark: _Ref101603692]Figure 2. Tx switching from narrower bandwidth to wider bandwidth
Note that the Rel-18 multi-carrier Tx switching scheme can be beneficial when Tx switching time is much less than RRC reconfiguration of 2 bands for uplink transmission. Otherwise, larger interruption on the uplink transmission due to Tx switching may result in undesirable performance degradation. Hence, in our view, further investigation is needed to identify the benefit of dynamic Tx switching across 3 or 4 bands, with the consideration of the Tx switching time, which should be determined first in RAN4.  
Proposal 1
· RAN1 to further study the benefit of Tx switching across 3 or 4 bands with the consideration of the Tx switching time from RAN4.

Potential specification impact
In Rel-16/17, mapping between UL transmission ports and Tx chain for different cases was defined for Tx switching. For instance, for Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 was defined in the Table 4:

[bookmark: _Ref101793299]Table 4. Mapping between UL transmission ports and Tx chain for UL CA Option 2
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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

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



If Rel-18 multi-carrier Tx switching is supported, current mapping between UL transmission ports and Tx chain needs to be extended, especially when considering the Tx switching scheme across 3 or 4 bands. In particular, a band combination may need to be included in the mapping between UL transmission ports and Tx chain. Following this design principle, Table 5 can be considered as a starting point for mapping between UL transmission ports and Tx chain for multi-carrier Tx switching across 3 bands for CA option 2. 
[bookmark: _Ref101793720]Table 5. Multi-carrier Tx switching across 3 bands for CA option 2
	 
	Number of Tx chains in WID (band A + band B + band C)
	Number of antenna ports for UL transmission (band A + band B + band C)

	Case 1-1
	1T+1T (band A + band B)
	1P+0P, 1P+1P, 0P+1P

	Case 1-2
	1T+1T (band B + band C)
	1P+0P, 1P+1P, 0P+1P

	Case 1-3
	1T+1T (band C + band A)
	1P+0P, 1P+1P, 0P+1P

	Case 2-1
	0T+2T (band B/C + band A)
	0P+2P, 0P+1P

	Case 2-2
	0T+2T (band A/C + band B)
	0P+2P, 0P+1P

	Case 2-3
	0T+2T (band A/B + band C)
	0P+2P, 0P+1P



Note that in Rel-16/17, switching mechanism was defined between two uplink carriers or carriers in two bands. For Rel-18 multi-carrier Tx switching, the switching mechanism needs to take into account the band combination to support Tx switching across 3 or 4 bands. For instance, if UE supports CA option 2 where UE can be scheduled or configured with UL transmission on both bands (carriers) simultaneously, Tx switching delay is applicable for the following case: if the current state of Tx chains is 1Tx on carrier 1 in band A and 1Tx on carrier 2 in band B, the next UL transmission has a 1-port transmission on the carrier 1 in band A and 1-port transmission on carrier 3 in band C. 
Proposal 2
· RAN1 to further study potential specification impact for Tx switching across 3 or 4 bands.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on multi-carrier UL Tx switching scheme. Further, we summarize the observations and proposals as follows:
Observation 1
· For Rel-18 multi-carrier Tx switching scheme, longer Tx switching time may be expected compared to what was defined in Rel-16/17, if UE needs to carry out any other operations than mere RF chain power ramping up. 
Proposal 1
· RAN1 to further study the benefit of Tx switching across 3 or 4 bands with the consideration of the Tx switching time from RAN4.
Proposal 2
· RAN1 to further study potential specification impact for Tx switching across 3 or 4 bands.
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