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1. Introduction
The work item on supporting Multi-carrier enhancements for NR was approved in RAN 94 meeting [1], and objects of WI on Multi-carrier UL Tx switching are listed as in the followings
	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 document, the UL Tx switching schemes across up to 3 or 4 bands are discussed, including the analysis of Tx switching across up 3 or 4 bands and the issues to be resolved in work study phase.
2. Discussion
2.1 Uplink Tx switching scheme across 3 or 4 bands 
2.1.1  Uplink Tx switching mode
For dynamic UL Tx switching in Rel-17, both Tx switching modes of option 1 (SwitchedUL) and option 2 (DualUL) are supported. The UL Tx switching modes can be configured to UE with the parameter uplinkTxSwitchingOption in inter-band UL CA case or EN-DC case where UE supports dynamic UL Tx switching. If the network configures option 1 (SwitchedUL), the UE is not expect to be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. If the network configures option 2 (DualUL), the UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously. Dynamic UL Tx switching scheme for SUL case is similar to that of option 1 (SwitchedUL) for inter-band UL CA case or EN-DC case. For dynamic UL Tx switching in Rel-18, it is straightforward to support both Tx switching modes of option 1 (SwitchedUL) and option 2 (DualUL) for UL Tx switching across up to 3 or 4 bands

Proposal 1: For dynamic UL Tx switching in Rel-18, both Tx switching modes of option 1 (SwitchedUL)  and option 2 (DualUL) should be supported for UL Tx switching across up to 3 or 4 bands.
2.1.2  Uplink Tx switching for carrier aggregation
For inter-band UL CA option 1 in Rel-17, UL Tx switching between case 2 and case 3 is supported according to the following agreement achieved in RAN1#104b meeting. The mapping rule between UL transmission ports and Tx chains is that the UL transmission can’t be scheduled or configured on both carrier 1 and carrier 2 simultaneously. In case 2 and case3, the UE can be scheduled or configured with 1-port or 2-port  UL transmission on carrier 1 or carrier 2. An Uplink Tx switching will be triggered when the UL transmission is scheduled or configured from carrier 1 to carrier 2, or vice versa.
	Agreements (RAN1#104b)
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA option 1 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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





Inter-band UL CA option 1 with 3 or 4 carriers 
For uplink Tx switching in inter-band UL CA with 3 or 4 carriers cases, if the UE is configured with option 1 (SwitchedUL), the UL transmission can only be scheduled or configured on one carrier of 3 carriers or 4 carriers. For inter-band UL CA option1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 1 and Table 2, respectively.
[bookmark: _Ref102140349]Table 1: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

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

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



[bookmark: _Ref102140404]Table 2: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 4 carriers
	
	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 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}


  
If the cases showed in the Table 1 and Table 2 are adopt for inter-band UL CA option1, the UE will be not expected to be scheduled or configured with UL transmission  simultaneously on any two carriers among 3 or 4 carriers, and the UE can be scheduled or configured with 1-port or 2-port  UL transmission on any on carriers among 3 or 4 carriers. An Uplink Tx switching will be triggered when the UL transmission is scheduled or configured from one carrier to carrier another carrier. The Uplink Tx switching scheme specified in Rel-17 can be reused for inter-band UL CA option1 with 3 or 4 carriers.

Proposal 2: For inter-band UL CA option 1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

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

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



Mapping between UL transmission ports and Tx chains for inter-band UL CA option1 with 4 carriers
	
	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 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



Inter-band UL CA option 2 with 3 or 4 carriers 
For uplink Tx switching in inter-band UL CA with 3 or 4 carriers cases, if the UE is configured with option 2 (DualUL), the UL transmission can be scheduled or configured on any two carriers among 3 or 4 carriers. For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 3 and Table 4, respectively.
[bookmark: _Ref102144079]Table 3: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	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
	0T+1T+1T
	{0P+0P+1P}, {0P+1P+0P}, {0P+1P+1P}

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

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

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

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

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


    
[bookmark: _Ref102144086]Table 4: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	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
	0T+0T+1T+1T
	{0P+0P+0P+1P},{0P+0P+1P+0P},{0P+0P+1P+1P}

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

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

	Case 4
	1T+1T+0T+0T
	{0P+1P+0P+0P},{1P+0P+0P+0P},{1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	{0P+0P+1P+0P},{1P+0P+0P+0P},{1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	{0P+0P+0P+1P},{1P+0P+0P+0P},{1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



For inter-band UL CA option 2 with 3 carriers, in case 1, the UE can support UL transmission on both carrier 2 and carrier 3 simultaneously, and UE can be scheduled or configured with 1-port UL transmission on carrier 2/3 or 1-port UL transmission on both carrier 2 and carrier 3. The similar rule can be applied to the case 2/3 of inter-band UL CA option 2 with 3 carriers and case 1/2/3/4/5/6 of inter-band UL CA option 2 with 4 carriers. Besides, for inter-band UL CA option 2 with 3 carriers, in case 4, the UE can only support UL transmission on carrier 3, and UE can be scheduled or configured with 1-port or 2-port UL transmission on carrier 3. The similar rule can be applied to the case 5/6 of inter-band UL CA option 2 with 3 carriers and case 7/8/9/10 of inter-band UL CA option 2 with 4 carriers. The trigger of uplink Tx switching can be determined based on the based on the current Tx chain state and transmission port for the next UL transmission.

Proposal 3: For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	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
	0T+1T+1T
	{0P+0P+1P}, {0P+1P+0P}, {0P+1P+1P}

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

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

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

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

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


    
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	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
	0T+0T+1T+1T
	{0P+0P+0P+1P},{0P+0P+1P+0P},{0P+0P+1P+1P}

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

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

	Case 4
	1T+1T+0T+0T
	{0P+1P+0P+0P},{1P+0P+0P+0P},{1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	{0P+0P+1P+0P},{1P+0P+0P+0P},{1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	{0P+0P+0P+1P},{1P+0P+0P+0P},{1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



2.1.3  Uplink Tx switching for EN-DC
For EN-DC with 3 or 4 carriers case, it is assumed that transmission for E-UTRA radio access is not enhanced for the EN-DC with 3 or 4 carriers case. Base on this assumption, EN-DC with 3 or 4 carriers case is considered as a band combination, where only one carrier uses E-UTRA radio access and the rest of carriers use NR radio access.
For uplink Tx switching for EN-DC in Rel-17, both Tx switching modes of option 1 (SwitchedUL) and option 2 (DualUL) are supported, and the uplink Tx switching scheme is same as that for inter-band UL CA case. For the same reason, the mapping between UL transmission ports and Tx chains for inter-band UL CA with 3 or 4 carriers case can be reused for EN-DC with 3 or 4 carriers case.

Proposal 4: EN-DC with 3 or 4 carriers case is considered as a band combination, where only one carrier uses E-UTRA radio access and the rest of carriers use NR radio access.

Proposal 5: Both of the mapping rules between UL transmission ports and Tx chains for inter-band UL CA option 1(SwitchedUL)  and inter-band UL CA option 2 (DualUL) can be reused for EN-DC with 3 or 4 carriers case.
2.1.4  Uplink switching for supplementary uplink
SUL configured with option 1 
For SUL scenario in Rel-17, option 1 (SwitchedUL) is regarded as default configuration, thus the mapping rule between Tx chains and antenna port for inter-band UL CA option1 can be reused. The UE does not expect to be scheduled or configured with UL transmission on both carrier for supplementary uplink and carrier for normal uplink, but can be scheduled or configured with 1-port or 2-port UL transmission on one of the carriers. For SUL with 3 or 4 carriers scenario, if the UE is configured with option 1 (SwitchedUL), the mapping rule between Tx chains and antenna port for inter-band UL CA option1 with 3 or 4 carriers can be reused as well.

Proposal 6: The mapping rule between Tx chains and antenna port for inter-band UL CA option1 (SwitchedUL) with 3 or 4 carriers can be reused for SUL with 3 or 4 carriers scenario.

SUL configured with option 2 when 1 SUL is configured 
For SUL scenario with 3 carriers or 4 carriers, if the UE is configured with option 2 (DualUL), the UE will be not expected to be scheduled or configured with UL transmission simultaneously on SUL and NUL belonging to the same cell, but can be scheduled or configured with UL transmission simultaneously on two carriers other than the above combination. For SUL scenario configured with option 2, when 1 SUL is configured in 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 5 and Table 6, respectively.
[bookmark: _Ref102157189]Table 5: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 3 carriers
	
	Number of Tx chains 
((SUL 1 + NUL 1) in Cell 1+ carrier 3 in Cell 2)
	Number of antenna ports for UL transmission 
((SUL 1 + NUL 1) in Cell 1+ carrier 3 in Cell 2)

	Case 1
	0T+1T+1T
	{0P+0P+1P}, {0P+1P+0P}, {0P+1P+1P}

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

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

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

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

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


Note: The case 3 is not supported for SUL operation.

[bookmark: _Ref102157198]Table 6: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 4 carriers
	
	Number of Tx chains
((SUL-1 + NUL-1) in Cell1+ carrier 3 in Cell 2+ carrier 4 in Cell 3)
	Number of antenna ports for UL transmission
((SUL-1 + NUL-1) in Cell1+ carrier 3 in Cell 2+ carrier 4 in Cell 3)

	Case 1
	0T+0T+1T+1T
	{0P+0P+0P+1P},{0P+0P+1P+0P},{0P+0P+1P+1P}

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

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

	Case 4
	1T+1T+0T+0T
	{0P+1P+0P+0P},{1P+0P+0P+0P},{1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	{0P+0P+1P+0P},{1P+0P+0P+0P},{1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	{0P+0P+0P+1P},{1P+0P+0P+0P},{1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}


   Note: The case 4 is not supported for SUL operation.

Compared with the mapping rule for inter-band UL CA option 2 with 3 carriers or 4 carriers, the case 3 in Table 5 and case 4 in Table 6 should be removed. Because the SUL-1 and NUL-1 cannot be scheduled or configured with UL transmission simultaneously. Moreover, the UL transmission with antenna port combinations in case 3/ case 6 can be performed in other cases. For example, antenna port combinations of {0P+1P+0P} in case 3 can be performed in the case 1.

SUL configured with option 2 when 2 SUL band are configured 
For SUL scenario configured with option 2, when SUL-1 and NUL-1 are configured in cell 1 and SUL-2 and NUL-2 are configured in cell 2, the mapping between UL transmission ports and Tx chains can be showed as Table 7.
[bookmark: _Ref102159353]Table 7: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 4 carriers
	
	Number of Tx chains
 ((SUL-1 + NUL-1) in cell 1+ (SUL-2 + NUL-2) in cell 2)
	 Number of antenna ports for UL transmission 
((SUL-1 + NUL-1) in cell 1+ (SUL-2 + NUL-2) in cell 2)

	Case 1
	0T+0T+1T+1T
	{0P+0P+0P+1P},{0P+0P+1P+0P},{0P+0P+1P+1P}

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

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

	Case 4
	1T+1T+0T+0T
	{0P+1P+0P+0P},{1P+0P+0P+0P},{1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	{0P+0P+1P+0P},{1P+0P+0P+0P},{1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	{0P+0P+0P+1P},{1P+0P+0P+0P},{1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



For SUL scenario, if the UE is configured with option 2 (DualUL), the UE will be not expected to be scheduled or configured with UL transmission simultaneously on SUL and NUL belonging to the same cell. For this reason, both of the case 1 and the case 4 in Table 7 should be removed.

Proposal 7: For SUL scenario with 3 or 4 carriers, if the UE is configured with option 2 (DualUL), except for combinations of SUL and NUL carriers belonging to the same cell, any two carriers can be scheduled or configured UL transmissions simultaneously.
2.2  Uplink Tx switching period 
For uplink Tx switching in Rel-16/Rel-17, the conditions under which the switching period may be applied have been specified, and the UE can determine whether to perform UL Tx switching according to the current Tx chain state and transmission port for the next UL transmission. For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 1 (SwitchedUL), the uplink Tx switching scheme specified in Rel-16/Rel-17 can be reused, no further standard work is required..

Proposal 8:  For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 1 (SwitchedUL), the uplink Tx switching scheme specified in Rel-16/Rel-17 can be reused, no further standard work is required.

For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL), several new conditions under which the switching period may be applied should be further studied. Assuming that the UE is configured with 4 bands with restriction of up to 2 Tx simultaneous transmission, the mapping cases between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers are list in Table 8.
   
[bookmark: _Ref102163151]Table 8: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}


Notes: For readability, each antenna ports configuration is given a label.
When the number of bands is configured with up to 4 for a UE, the following switching scenarios should be discussed
· Scenario 1：two carriers involved in Tx UL switching
· Scenario 2：three carriers involved in Tx UL switching
· Scenario 3：four carriers involved in Tx UL switching

Scenario 1: two carriers involved in Tx UL switching
If the current UL transmission is scheduled or configured with 2-port on one carrier and the next transmission is scheduled or configured with 1-port on one carrier and 1-port on another carrier, the uplink Tx switching is performed. For example, if the current UL transmission is B1 and the next transmission is A3, the witching period will be applied. Since the scenario 1 is same as the uplink Tx switching conditions specified in Rel-16/Rel-17, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

Proposal 9: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and only two carriers are involved in Tx UL switching, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

 Scenario 2：three carriers involved in Tx UL switching
In this scenario, the number of carriers involved in Tx switching procedure is 3, and the uplink Tx switching conditions can be described as follows,
· switching between “2-port transmission  on one carrier” and “1-port transmission on second uplink carrier  and 1-port transmission on third uplink carrier”. For example, the switching is applied between B4 and A3 as shown following Table 9.
[bookmark: _Ref102166048]Table 9: Three carriers involved in Tx UL switching in condition 1
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 9
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}



· switching between “1-port transmission  on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier”. For example, the switching is applied between A4 and A3 as shown following Table 10.
Table 10: Three carriers involved in Tx UL switching in condition 2
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}



· switching between “1-port transmission  on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on first or second uplink carrier  and 1-port transmission on third uplink carrier”. For example, the switching is applied between A3 and A6 as shown following table-11
Table 11 : Three carriers involved in Tx UL switching in condition 3
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 3
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}




Proposal 10: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and three carriers are involved in Tx UL switching, the following conditions shall be applied uplink switching period, 
· Switching between “2-port transmission  on first uplink carrier” and “1-port transmission on second uplink carrier  and 1-port transmission on third uplink carrier”
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on third uplink carrier”.
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on first or second uplink carrier and 1-port transmission on third uplink carrier”.

Scenario 3: four carriers involved in Tx UL switching
In this scenario, the number of carriers involved in Tx switching procedure is 4, and the uplink Tx switching conditions can be described as follows,
· between “1-port transmission  on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier 1-port transmission on fourth uplink carrier”. For example, the switching is applied between A3 and A12 as shown following table-12.
Table 12: Four carriers involved in Tx UL switching
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 4
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}



Proposal 11: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and four carriers are involved in Tx UL switching, the following conditions shall be applied uplink switching period,
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier 1-port transmission on fourth uplink carrier.”

3. Conclusion 
In this document, the UL Tx switching schemes across up 3 or 4 bands are discussed, which includes the discussion on uplink Tx switching scheme and uplink Tx switching period, and some proposals are given as follows.

Proposal 1: For dynamic UL Tx switching in Rel-18, both Tx switching modes of option 1 (SwitchedUL)  and option 2 (DualUL) should be supported for UL Tx switching across up to 3 or 4 bands.

Proposal 2: For inter-band UL CA option 1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

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

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



Mapping between UL transmission ports and Tx chains for inter-band UL CA option1 with 4 carriers
	
	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 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



Proposal 3: For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	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
	0T+1T+1T
	{0P+0P+1P}, {0P+1P+0P}, {0P+1P+1P}

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

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

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

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

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


    
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	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
	0T+0T+1T+1T
	{0P+0P+0P+1P},{0P+0P+1P+0P},{0P+0P+1P+1P}

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

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

	Case 4
	1T+1T+0T+0T
	{0P+1P+0P+0P},{1P+0P+0P+0P},{1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	{0P+0P+1P+0P},{1P+0P+0P+0P},{1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	{0P+0P+0P+1P},{1P+0P+0P+0P},{1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	{0P+2P+0P+0P},{0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	{2P+0P+0P+0P},{1P+0P+0P+0P}



Proposal 4: EN-DC with 3 or 4 carriers case is considered as a band combination, where only one carrier uses E-UTRA radio access and the rest of carriers use NR radio access.

Proposal 5: Both of the mapping rules between UL transmission ports and Tx chains for inter-band UL CA option 1(SwitchedUL)  and inter-band UL CA option 2 (DualUL) can be reused for EN-DC with 3 or 4 carriers case.

Proposal 6: The mapping rule between Tx chains and antenna port for inter-band UL CA option1 (SwitchedUL) with 3 or 4 carriers can be reused for SUL with 3 or 4 carriers scenario.

Proposal 7: For SUL scenario with 3 or 4 carriers, if the UE is configured with option 2 (DualUL), except for combinations of SUL and NUL carriers belonging to the same cell, any two carriers can be scheduled or configured UL transmissions simultaneously.

Proposal 8:  For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 1 (SwitchedUL), the uplink Tx switching scheme specified in Rel-16/Rel-17 can be reused, no further standard work is required.

Proposal 9: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and only two carriers are involved in Tx UL switching, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

Proposal 10: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and three carriers are involved in Tx UL switching, the following conditions shall be applied uplink switching period, 
· Switching between “2-port transmission  on first uplink carrier” and “1-port transmission on second uplink carrier  and 1-port transmission on third uplink carrier”
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on third uplink carrier”.
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on first or second uplink carrier and 1-port transmission on third uplink carrier”.
Proposal 11: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and four carriers are involved in Tx UL switching, the following conditions shall be applied uplink switching period,
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier 1-port transmission on fourth uplink carrier.”
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