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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 scheme 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 by 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 does 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 Possible mechanisms for dynamic Tx carrier switching
In RAN1#109e meeting [2], the issue on how to perform dynamic Tx carrier switching across 3/4 bands was discussed, and three alternatives were given as follows.
	Agreement
· Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
Note: Other mechanisms are not precluded.



Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e. via UL grant and/or RRC configuration for UL transmission.
For scheme Alt.1, Tx carrier switching is triggered by legacy UL scheduling signalling, including dynamic uplink scheduling and RRC configuration for UL transmission, i.e. CG-PUSCH transmission, periodic SR and SRS transmission. The advantage and disadvantage of alt.1 are as follows:
· Advantage:  Any carrier can be scheduled to transmit uplink signal/data, and the benefit of diversity of UL Tx switching pairs can be obtained.
· Disadvantage: Two potential issues require to be further studied. 
· Identify new switching cases for 3 or 4 band switching.
· Ambiguity issue on switching case.
For the first potential issue, new UL TX switching cases for 3/4 bands are discussed in section 2.2. Two new UL TX switching cases are identified for 3 bands operation and three new UL TX switching cases are identified for 4 bands operation. For the second potential issue, the ambiguity issue of UL Tx switching among 3/4 bands is similar to UL Tx switching between 2 bands in Rel-17. Hence, the method specified in Rel-17 for ambiguity issue can be as baseline to solve ambiguity issue of Rel-18, for example, applying RRC signalling to indicate next UL TX switching case. 

Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
The motivation of Alt.2 is to avoid new UL Tx switching case among 3/4 bands and re-use the UL Tx switching scheme of Rel-17 mechanism. In detail, a default switching band pair is configured by RRC, and the UE can only perform UL Tx switching between the default switching band pair as shown in Figure 1. Before the gNB schedules a UL transmission on a band that is not part of the default switching band pair, it will indicate a new switching band pair to UE by DCI/MAC-CE. The above scheme can be defined as the switching between two switching band pairs. The advantage and disadvantage of alt.1 are as follows:


[bookmark: _Ref111223866]Figure 1: Switching between two switching band pairs
· Advantage: Within the indicated switching band pair, UL Tx switching scheme of Rel-16/Rel-17 can be re-used, and the ambiguity issue can be avoided.
· Disadvantage: The issues on the switching of two switching band pairs require to be further studied.
· New indication: New DCI format or MAC-CE is required to be specified.
· Delay of indication: The DCI/MAC-CE will introduce delay before UE can transmit on new band, such as (3ms + k0 + k1) time delay in case of MAC-CE indication.
· Minimum gap of switching between two switching band pairs: The minimum gap between two uplink transmissions within different switching band pairs is required to be defined. 
· CG-transmission issue: If a switching band pair is indicated by DCI/MAC CE to switching to another switching band pair, the issue on how to deal with the GC-PUSCH transmitted on the previous band shall be studied.


As shown in Figure 1, if current uplink transmission is occurred on switching band pair (C1,C2), and next uplink transmission is on switching band pair(C3,C4), the gap between two UL transmission is the number of symbols between T1 and T0, where the T1 is lasted symbol of uplink transmission occurred on switching band pair(C1,C2), the T0 is earliest symbol of uplink transmission occurred on switching band pair (C3,C4). The gap between two UL transmissions needs to be greater than the minimum gap of switching between two switching band pairs.

Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band.
For Alt.3, one band among 3 or 4 bands is defined as anchor band, and UL Tx switching can be only performed between anchor band and non-anchor band. As shown in Figure 2, the UE is configured with 4 carriers and carrier-2 is selected as anchor band. Then only the following UL Tx switching cases can be supported:
· UL TX switching between carrier-1 and carrier-2.
· UL TX switching between carrier-3 and carrier-2.
· UL TX switching between carrier-4 and carrier-2.


[bookmark: _Ref111230110]Figure 2: dynamic UL Tx switching between anchor band and non-anchor band
The advantage and disadvantage of Alt.3 are as follows:
· Advantage: the complexity of gNB/UE can be reduced,
· The number of supported TX switching cases is redueced.
· There is no ambiguity issue.
· Disadvantage: it will impose additional restriction on uplink scheduling of gNB.
· TX switching can only be performed between anchor carrier and non-anchor carriers.
· The anchor carrier transmission shall be triggered before TX switching between two non-anchor carriers. 
As shown in above Figure 2, if current uplink transmission is occurred on carrier-2 and carrier-3, and next uplink transmission is on carrier-4. Because the UL Tx switching cannot perform between carrier-4 and carrier-3. The gNB should perform uplink scheduling on carrier 3 first, and only after additional UL TX switching, the UE can be scheduled to transmit signals on carrier 4. Additional UL TX switching on anchor carrier will cause unnecessary delay.
Proposal 2：For dynamic Tx carrier switching across the configured 3/4 bands, Alt.1 is preferred
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.
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 adopted 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 one 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 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 3: 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 current Tx chain state and transmission port for the next UL transmission.

Proposal 4: 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}


2.1.4 Uplink switching for supplementary uplink
1 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 5: 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 1 SUL with 3 or 4 carriers scenario.

1 SUL configured with option 2 
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 serving 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 for one carrier of 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, the configuration of antenna ports (1P+1P+0P) in the case 3 of Table 5 should be removed because the SUL-1 and NUL-1 cannot be scheduled or configured with UL transmission simultaneously, as same reason, the configuration of antenna ports (1P+1P+0P+0P) in the case 4 in Table 6 should be removed. From RAN1 view, it can be regarded that only sub-set switching cases are supported according to UE capability reporting or gNB configuration.


2 SUL configured with option 2/1 
For 2 SUL scenario configured with option 1/2, there are two pairs of {SUL and corresponding NUL band} configured in 3/4 bands operation. The mapping between UL transmission ports and Tx chains for option 2 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 corresponding NUL band. For this reason,  the configuration of antenna for co-current transmission shall be removed, From RAN1 view, the 2 SUL configuration can be regarded that only sub-set switching cases are supported according to UE capability reporting or gNB configuration.

Proposal 6: From RAN1 perspective, following SUL configurations will not introduce extra switching cases for Rel-18 UL Tx switching. Whether it is supported or not depends on RAN4.
· {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).
2.2 New uplink Tx switching cases identity for3/4 bands configuration 
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 transmissions, 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 7: 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 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-10
Table 10 : 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 8: 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 two cases 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 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 and 1-port transmission on fourth uplink carrier”. For example, the switching is applied between A3 and A12 as shown following table-12.
Table 11: 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 9: 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 one case 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.”
2.3 Reduction on complexity and switching case
When the up to 3/4 bands are configured for UL Tx switching case, the UE/gNB complexity will increase since the cases of Tx chain and corresponding antenna port states are increase compared with Rel-16/17.For example, if 4 bands are configured for UL TX switching, there are total 10 cases of UL Tx switching. If 3 bands are configured are configured for UL TX switching, there are total 6 cases of UL Tx switching. In our view, there are two potential methods can reduce UE/gNB complexity of UL TX switching among 3 or 4 bands.
· Scheme 1: all UL Tx switching cases are supported in R18 specification, and the supported UL TX switching cases of UE are configured by RRC signaling according to the UE capability. 
· In this scheme, R18 specification supports all UL Tx switching cases. For example, when 4 bands are configured with inter-band UL CA option 2, the UE can be scheduled or configured a ‘2-port UL transmission’ on any one band or two ‘1-port UL transmission’ simultaneously on any two bands among 4 band. There are total 10 cases as described in above section. 
· From UE perspective, the capability of supported UL TX switching should be reported. According to the reported UE capability, the gNB can configured UL TX switching cases to UE.
· Scheme 2: A sub-set UL Tx switching cases are supported in R18 specification.
In this scheme, some of UL Tx switching cases will be selected to be supported in R18. Only UL TX switching mechanism for the sub-set of all UL TX switching cases are required to specify. One example of candidates cases as following 
· Only 1 band out of 4 bands support up to 2Tx
· Only switching across 0/1 port is supported across all 4 configured bands
The shortage of scheme 2 is that restriction on switching cases will reduce scheduling flexible, and there is no obvious benefit to reduce specification work load. For example when “only 1 band out of 4 bands support up to 2Tx”, though the switching case can be reduced to 7, but there are still 3 new switching cases that need switching period.
Table 12: 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}



Proposal 10: All UL Tx switching cases are supported in R18 specification, and gNB can configure sub-set of switching cases according to reported UE capability.
2.4 Ambiguity on switching case
In R17, if UE reported capability as dualUL mode in BandCombination-UplinkTxSwitch, the 2Tx-2Tx switching case can be configured by gNB, and issue on ambiguity switching will be occurred if only 1-port transmission is scheduled. The scheme was discussed and following agreements was reached  
	Agreement  (RAN1#106b)
For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.


In TS 38.331, the new RRC parameter is uplinkTxSwitching-DualUL-TxState, the value of ‘oneT’ indicates that 1Tx on carrier 1 and 1Tx on carrier 2 is assumed, and the value of ‘twoT’ indicates that the state of Tx chains supporting 2Tx transmission on the carrier is assumed 
When 3/4 bands are configured for UL TX switching, for UL-CA option2, new ambiguity cases may occur for 1-port transmission on a carrier switching. The example is shown as table 13

Table 13: Ambiguity on switching case of 4 band configuration
	 
	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
	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}



As shown in table 13, we assume the current antenna ports for UL transmission is A9 in purple color (1-port transmission on carrier-1 and carrier-4), and the next transmission state is A2 in green color (1-port transmission only on carrier-3). There are four cases that support A2 antenna port configuration, and UE shall determine which UL transmission state shall be switched to. A simple scheme for the ambiguity issue can be based on RRC configuration, similar to that of R17.
If the value of RRC parameter is configured as ‘twoT’, UE can determine unique state to switch. If the value of RRC parameter is configured as ‘oneT’, there are still 3 possible candidate states. And gNB shall give further information to indicate which state to switched, which can be further study.
Proposal 11: For ambiguity switching cases issue, RRC parameter (e.g. uplinkTxSwitching-DualUL-TxState) can be re-used.
· If the parameter is configured as twoT, no further indication is needed.
· If the parameter is configured as oneT, gNB shall give further indication, detail is FFS.
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 cases, 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 dynamic Tx carrier switching across the configured 3/4 bands, Alt.1 is preferred
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission.
Proposal 3: 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 4: 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 5: 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 1 SUL with 3 or 4 carriers scenario.

Proposal 6: From RAN1 perspective, following SUL configurations will not introduce extra switching cases for Rel-18 UL Tx switching. Whether it is supported or not depends on RAN4.
· {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).

Proposal 7: 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 8: 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 two cases 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 first or second uplink carrier and 1-port transmission on third uplink carrier”.

[bookmark: _GoBack]Proposal 9: 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 one case 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.”

Proposal 10: All UL Tx switching cases are supported in R18 specification, and gNB can configure sub-set of switching cases according to reported UE capability.

Proposal 11: For ambiguity switching cases issue, RRC parameter (e.g. uplinkTxSwitching-DualUL-TxState) can be re-used.
· If the parameter is configured as twoT, no further indication is needed.
· If the parameter is configured as oneT, gNB shall give further indication, detail is FFS.
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