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1. Introduction
In RAN#94e, a new WI for multi-carrier enhancement in Rel-18 was approved with following objective in WID [1]. 
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
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
· 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 this contribution, we discuss and provide our views on UL Tx switching scheme among multiple bands in Rel-18.

2. Condition of UL Tx switching in Rel-18

· UL Tx switching over multiple bands
In Rel-16, UL Tx switching between two different carriers was introduced to support the 2 Tx transmission of a UE. This feature has been enhanced in Rel-17 to support UL Tx switching between two different bands including 2Tx-2Tx switching. Now in Rel-18, it is supposed to discuss about UL Tx switching across up to 3 or 4 bands to support more configured UL bands than simultaneous transmission capability of a UE. However, since the UE can still support up to 2 Tx transmission at the same time, the number of different bands associated with the UL Tx switching operation for a given time is still two. 

Therefore, the basic principle of UL Tx switching between two active bands developed in previous releases may be reused in term of the triggering condition on the UL Tx switching, switching gap, RRC configuration, and so on. Furthermore, the UL Tx switching across up to 4 bands can be extended by considering the extension of band combinations, based on the UL Tx switching mechanism between two bands.

Proposal #1: The UL Tx switching mechanism specified in previous releases can be reused for the case with two activated bands. In addition, the UL Tx switching mechanism between two bands can be extended to support the UL Tx switching across 3 or 4 activated bands. 

· UL Tx switching triggering conditions 
When UL Tx switching occurs across larger number of (activated) UL bands than simultaneous UL transmission capability of the UE, the following cases can be further considered. Let’s assume that a UE can be configured/scheduled a UL transmission on one of the three bands (e.g., band A, B, C).

(1) In a state where one Tx chain is on band A and another Tx chain is on band B, when two 1-port UL transmissions occur on band A and band C, respectively, the UL Tx switching between band B and band C can be triggered. However, in this case, it is necessary to clarify whether the switching gap is required for a UL transmission on band A. For some UE implementation, if any one of two Tx chains is switched, both of two Tx chains may have an impact.
(2) In a state where two Tx chains are on band A, when 1-port UL transmission occurs in band B, the UL Tx switching between band A and band B can be triggered. However, in this case, it is necessary to clarify whether both of two Tx chains on band A are switched to band B or only one Tx chain is switched while the other Tx chain is remained on band A.
(3) In a state where one Tx chain is on band A and another Tx chain is on band B, when 1-port UL transmission occurs on band C, the UL Tx switching between band C and band A (or B) may be triggered. However, in this case, it is necessary to clarify which of Tx chain on band A or Tx chain on band B is switched to band C.

Proposal #2: In case where one Tx chain is on band A and another Tx chain is on band B, when two 1-port UL transmissions occur on band A and band C, respectively, the UL Tx switching between band B and band C can be triggered. 
· In this case, it is necessary to clarify whether the switching gap is required for a UL transmission on band A.

Proposal #3: In case where two Tx chains are on band A, when 1-port UL transmission occurs in band B, the UL Tx switching between band A and band B can be triggered. 
· In this case, it is necessary to clarify whether both of two Tx chains on band A are switched to band B or only one Tx chain is switched to band B while the other Tx chain is still remained on band A.

Proposal #4: In case where one Tx chain is on band A and another Tx chain is on band B, when 1-port UL transmission occurs on band C, the UL Tx switching between band C and band A (or B) may be triggered.
· In this case, it is necessary to clarify which of Tx chain on band A or Tx chain on band B is switched to band C.

3. Other aspects on UL Tx switching in Rel-18

· UL Tx switching with multiple band combinations
For the UL Tx switching in Rel-17, a UE may report the capability signalling uplinkTxSwitching-OptionSupport to indicate whether the UE support simultaneous UL transmissions on two bands (i.e., report one of the options between {‘switchedUL’, ‘dualUL’, both}). It is noted that this capability signalling is reported per BC (band combination). Then the gNB can inform the UE by RRC that which option is configured for the UL Tx switching of the UE. 

When the UL Tx switching occurs across 4 bands, those bands can be composed of two different BCs. For example, band A and band B are associated with one BC (BC#1), and band C and band D are associated with another BC (BC#2). At this time, if a UE is configured with the UL Tx switching across those 4 bands (i.e., A, B, C, and D) and the UE reports ‘switchedUL’ for BC#1 and ‘dualUL’ for BC#2, the gNB may need to select which option is to be configured for the UL Tx switching across these 4 bands. Simply, the gNB may configure ‘switchedUL’ to the UE for the UL Tx switching even for BC#2 in conservative way. However, it would be better to configure ‘dualUL’ for the BC#2 to enable simultaneous UL transmissions on band C and band D. In this respect, it may be necessary to discuss how to configure the options for the UL Tx switching across multiple bands belonging to multiple BCs.

Proposal #5: It may be necessary to discuss how to configure one of options between {‘switchedUL’, ‘dualUL’} when UL Tx switching is configured for a set of bands belonging to multiple different band combinations.

· Simultaneous UL transmission on more than 2 bands 
When simultaneous UL transmissions occur on three bands (e.g., 2 UL is scheduled by DCI and 1 UL is configured by higher layer), if one or two of UL transmissions on specific band(s) has higher priority than others, the UL Tx switching can be triggered. As an example, for the case where one Tx chain is on band A and another Tx chain is on band B, if two 1-port PUSCH transmissions are scheduled on band A and band C while periodic SRS is configured on band B at the same time, the UL Tx switching can be triggered for band B and band C to transmit the PUSCH on band C (with higher priority than SRS). However, as an opposite case, if the UL transmission on band B has higher priority than the UL on band C, the UL Tx switching may not be triggered. 

Proposal #6: It can be consider to apply additional UL Tx switching conditions in case when simultaneous UL transmissions occur on more than 2 bands (e.g. based on the priority of the transmitted UL channels).

· Impact on UL Tx switching in case with multiple TAG
[bookmark: _GoBack]Lastly, it may need to be checked whether there is any RAN1 impact on supporting UL Tx switching over multiple TAGs. In Rel-16/17, the UL Tx switching under a single TAG was discussed and the corresponding switching period is determined by RAN4, whereas the UL Tx switching over multiple TAGs is supposed to be supported in Rel-18. For example, if the previous UL transmission and the current UL transmission belong to different TAGs, or if the current two transmissions belong to different TAGs, it can be discussed whether the switching period currently defined in spec needs to be updated.

Proposal #7: It may need to discuss where there is any RAN1 impact for supporting UL Tx switching over multiple TAGs.

4. Conclusions
In this contribution, several aspects on UL Tx switching scheme among multiple bands in Rel-18 were discussed, and the followings are proposed.

Proposal #1: The UL Tx switching mechanism specificed in previous releases can be reused for the case with two activated bands. In addition, the UL Tx switching mechanism between two bands can be extended to support the UL Tx switching across 3 or 4 activated bands. 
Proposal #2: In case where one Tx chain is on band A and another Tx chain is on band B, when two 1-port UL transmissions occur on band A and band C, respectively, the UL Tx switching between band B and band C can be triggered. 
· In this case, it is necessary to clarify whether the switching gap is required for a UL transmission on band A.
Proposal #3: In case where two Tx chains are on band A, when 1-port UL transmission occurs in band B, the UL Tx switching between band A and band B can be triggered. 
· In this case, it is necessary to clarify whether both of two Tx chains on band A are switched to band B or only one Tx chain is switched to band B while the other Tx chain is still remained on band A.
Proposal #4: In case where one Tx chain is on band A and another Tx chain is on band B, when 1-port UL transmission occurs on band C, the UL Tx switching between band C and band A (or B) may be triggered.
· In this case, it is necessary to clarify which of Tx chain on band A or Tx chain on band B is switched to band C.
Proposal #5: It may be necessary to discuss how to configure one of options between {‘switchedUL’, ‘dualUL’} when UL Tx switching is configured for a set of bands belonging to multiple different band combinations.
Proposal #6: It can be consider to apply additional UL Tx switching conditions in case when simultaneous UL transmissions occur on more than 2 bands (e.g. based on the priority of the transmitted UL channels).
Proposal #7: It may need to discuss where there is any RAN1 impact for supporting UL Tx switching over multiple TAGs.
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