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1. Introduction
The following objectives are included in this work item [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)
· [bookmark: OLE_LINK1]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, the applications for Tx switching across up to 3 or 4 bands, and the mapping between UL transmission ports and Tx chains are discussed. Last but not at least, we also identify some issues having dependence on other RAN groups.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref101970113][bookmark: _Ref521492551]Scope for Tx switching across up to 3 or 4 bands
In the WID, whether the multi-carrier UL Tx switching across up to 3 or 4 bands is to apply to EN-DC, inter-band CA and SUL should be clarified. In Rel-16, the above three technologies support Tx switching between 2 carriers on two bands, while in Rel-17, the features of 1Tx-2Tx switching between 1 carrier on band A and 2 contiguous carriers in band B, as well as the 2Tx-2Tx switching between 2 or 3 carriers on two bands, are only supported for inter-band CA and SUL. 
According to the WID, only NR TS/TRs are expected to be affected, which seems to imply that the EN-DC enhancement is out of scope. For inter-band CA and SUL, UL TX switching on more than 2 configured bands can provide more reliable uplink transmission as well as higher throughput. Therefore, both inter-band CA and SUL can be studied in Rel-18. Nevertheless, owing to the limited Time Budget for this WI, Tx switching based on inter-band CA can be a starting point.
[bookmark: _Ref102135357]Proposal 1: For Rel-18 UL Tx switching, inter-band CA and SUL based Tx switching across up to 3 or 4 bands should be studied, and inter-band CA based Tx switching can be a starting point for discussion.
Mapping between UL transmission ports and Tx chains 
[bookmark: _Ref101779741]The combinations of Tx chains for 3 or 4 bands 
For 3 and 4 bands, the potential combinations for 2 Tx chains in different bands are shown respectively in Table 1 and Table 2. 
[bookmark: _Ref101728670]Table 1 The combinations of Tx chains for 3 bands
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T

	Case 4
	0T+0T+2T

	Case 5
	1T+0T+1T

	Case 6
	0T+1T+1T


[bookmark: _Ref101728715]Table 2 The combinations of Tx chains for 4 bands
	
	Number of Tx chains (band A + band B + band C + band D)

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

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

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

	Case 4
	0T+1T+1T+0T

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

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

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

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

	Case 9
	0T+0T+2T+0T

	Case 10
	0T+0T+0T+2T


Based on the discussion in section 2.1, UL Tx switching based on inter-band CA should be considered as a starting point. UL Tx switching on 3 bands should support at least the following scenarios (i.e., scenario 1/2/3) as these scenarios are almost identical to the Tx switching between 2 bands specified in Rel-16/Rel-17 except for 0Tx on a third band (i.e., band C). It is worth noting that frequency corresponding to the bands A/B/C are configurable, which means that Tx switching with 0Tx deployed on band A or band B can be viewed as a variant of scenario 1/2/3. For example, the Tx switching between case 3 and case 5 also falls under scenario 1 with 0Tx on a third band (i.e., band B). 
· [bookmark: OLE_LINK2]Scenario 1: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A and 2 Tx on band B while 0Tx in band C. e.g.:
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T


· Scenario 2: Switching between the case of 0 Tx on band A/band C and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B/band C. e.g.:
	
	Number of Tx chains (band A + band B + band C)

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


· Scenario 3: Switching among the case of 1 Tx on band A and 1 Tx on band B, the case of 0 Tx on band A and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B while 0Tx in band C. e.g.:
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


In addition to the aforementioned scenarios, the following scenario 4 and scenario 5 which involve 3 bands during the TX switching can be studied in Rel-18. Specifically, in scenario 4, UE performs switching of both TX across 3 bands, and in scenario 5, UE has only 1Tx switched between two bands while the other Tx remained in band A.
· Scenario 4: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A/B and 2 Tx on band C. e.g.:
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 4
	0T+0T+2T


· Scenario 5: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band A and 1 Tx on band C. e.g.:
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 5
	1T+0T+1T


Similarly, Tx switching between some other cases, such as case 2 and case 5, also satisfies the condition of two bands with 1 Tx and another band with 2 Tx and thus can be classified in scenario 4. Tx switching between case 5 and case 6 can be classified in scenario 5.  
Especially, the Tx switching involving 4 bands as below can be also studied in Rel-18:
· Scenario 6: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band C and 1 Tx on band D. e.g.:
	Case 1
	1T+1T+0T+0T

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


[bookmark: _Ref102135363]Proposal 2: The Tx switching between different cases for 3 or 4 bands can at least include
· Scenario 1: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A and 2 Tx on band B, while 0Tx on band C (and band D if configured).
· Scenario 2: Switching between the case of 0 Tx on band A and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B, while 0Tx on band C (and band D if configured).
· Scenario 3: Switching among the case of 1 Tx on band A and 1 Tx on band B, the case of 0 Tx on band A and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B, while 0Tx on band C (and band D if configured).
[bookmark: _Ref102135369]Proposal 3: The following Tx switching between different cases for 3 or 4 bands can be studied in Rel-18:
· Scenario 4: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A/B and 2 Tx on band C, (while 0Tx on band D if configured).
· Scenario 5: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band A and 1 Tx on band C, (while 0Tx on band D if configured).
[bookmark: _Ref102135372]Proposal 4: The following Tx switching between different cases for 4 bands can be studied in Rel-18:
· Scenario 6: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band C and 1 Tx on band D.
[bookmark: _Ref101779747]The mapping between UL transmission ports and Tx chains for 3 or 4 bands
The mapping between UL transmission ports and Tx chains are illustrated in Table 3 and Table 4 assuming one carrier per band. The principle is the number of ports is not larger than the number of Tx chains per UL transmission. Moreover, option 1(switchedUL) and option 2 (DualUL) are assumed to be supported. The blue mark is only applied to option 2.
[bookmark: _Ref101774634]Table 3 The mapping between UL transmission ports and Tx chains for 3 bands
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P (only for option2)

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

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

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

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P (only for option2)

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+0P+1P, 0P+1P+1P (only for option2)


[bookmark: _Ref101774640]Table 4 The mapping between UL transmission ports and Tx chains for 4 bands
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3) + band D (carrier 4) ))

	Case 1
	1T+1T+0T+0T
	1P+0P+0P+0P, 0P+1P+0P+0P, 1P+1P+0P+0P (only for option2)

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

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

	Case 4
	0T+1T+1T+0T
	0P+1P+0P+0P, 0P+0P+1P+0P, 0P+1P+1P+0P (only for option2)

	Case 5
	0T+1T+0T+1T
	0P+1P+0P+0P, 0P+0P+0P+1P, 0P+1P+0P+1P (only for option2)

	Case 6
	0T+0T+1T+1T
	0P+0P+0P+1P, 0P+0P+1P+0P, 0P+0P+1P+1P (only for option2)

	Case 7
	1T+0T+1T+0T
	1P+0P+0P+0P, 0P+0P+1P+0P, 1P+0P+1P+0P (only for option2)

	Case 8
	1T+0T+0T+1T
	1P+0P+0P+0P, 0P+0P+0P+1P, 1P+0P+0P+1P (only for option2)

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

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


There are significantly more cases to discuss than in R16/17, which would require a lot of works if we go through them one by one. It should be clarified if some of them can probably be combined or handled as a whole to accelerate the discussion. We list four alternatives for the mapping between UL transmission ports and Tx chains considering different principles and usages.
· Alt 1: All the mappings listed in the above two tables are supported.
· Alt 2: In Rel-16/17, for <1T+1T> UL Tx chain combination, <0P+1P> is not supported for the reason that the carrier1/2 are configurable, and thus the <0P+1P> for a carrier pair (carrier A, carrier B) can be realized by configuring the carrier B as carirer1 and carrier A as carrier2 with <1P+0P>. Therefore, for <1T+1T> in each Tx chain combination, the port-mapping combination is either <0P+1P> or <1P+0P> for option1. e.g.:
 Table 5 (Alt 2) The mapping between UL transmission ports and Tx chains for 3 bands
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P (only for option2)

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

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

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

	Case 5
	1T+0T+1T
	0P+0P+1P, 1P+0P+1P (only for option2)

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P (only for option2)


To further simplify the mapping between UL transmission ports with Tx chain combinations, some further restrictions, i.e., one port-mapping combination is supported in one Tx chain combination <1T+1T> only while two port-mapping combination is supported in two Tx chain combination only, can be considered. Consequently, the corresponding table can be updated as in Alt 3. 
· Alt 3: For <1T+1T> and <0T+2T> in each Tx chain combination, the port-mapping combination is <0P+1P> and <0P+2P> respectively for option 1, <1T+1T> is additionally mapped to <1P+1P> for option 2 e.g.:
Table 6 (Alt 3) The mapping between UL transmission ports and Tx chains for 3 bands
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 1P+1P+0P (only for option2)

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

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

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

	Case 5
	1T+0T+1T
	0P+0P+1P, 1P+0P+1P (only for option2)

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P (only for option2)


Alternatively, one port-mapping combination and two port-mapping combination are supported in two Tx chain combination only, while <1P+1P> is supported in one Tx chain combination <1T+1T> for option2 only. The corresponding table can be updated as in Alt 4.
· Alt 4: For <0T+2T> in each Tx chain combination, the corresponding port-mapping combination are <0P+1P> and <0P+2P>. The <1T+1T> in each Tx chain combination is only applied to option 2, with the corresponding port-mapping combination <1P+1P>, e.g.:
Table 7 (Alt 4) The mapping between UL transmission ports and Tx chains for 3 bands
	 
	Number of Tx
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+1P+0P (only for option2)

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

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

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

	Case 5
	1T+0T+1T
	1P+0P+1P (only for option2)

	Case 6
	0T+1T+1T
	0P+1P+1P (only for option2)


The pros and cons of the above alternatives are as below: 
Alt 1 lists all possible port-mapping combinations. However, the solution suffers from UE state ambiguity. More specifically, when a UE switches to a certain port-mapping combination, if there is more than one Tx-chain combination supporting the port-mapping combination, the state of the target Tx chain is not unique, thus additional rules or configurations are needed to help the UE distinguish the Tx chain state, resulting in higher signalling overhead and UE complexity. Furthermore, this issue becomes worse for 4 bands Tx switching.
Alt 2 to some extent mitigates the uncertainty issue since the number of port-mapping combinations is reduced and is simpler for UE implementation compared with alt1, but there is still ambiguity for switching between some cases.
For Alt 3, the 2Tx-chains state can only be mapped to 2-ports transmission on a band. Compared with Alt1 and Alt 2, the uncertainty issue is resolved as the Tx chain state is unique for every port-mapping combination. However, when UE transmitted with 2TX on one band is scheduled to perform 1 port transmission on the same band, it must switch to <1T+1T> Tx chain state because the combination of <0T+2T> does not support 1-port transmission, which leads to unnecessary interruption and more frequent Tx switching.
For Alt 4, the 2Tx-chains state only applies to option 1. One potential issue of Alt 4 is that UE may not support 2 TX for some bands, and thus these bands cannot be scheduled as case 2 – case 4.
Generally, we propose to down select the four alternatives for mapping between UL transmission and Tx chains.
[bookmark: _Ref102135375]Proposal 5: Option 1(switchedUL) and option 2 (DualUL) are both supported in Rel-18 Tx switching.
[bookmark: _Ref102135378]Proposal 6: Down select the four alternatives for mapping between UL transmission ports and Tx chains.
· Alt 1: All the potential mappings listed in Table 3 and Table 4 are supported.
· Alt 2: All the potential mappings listed in Table 3 and Table 4 are supported except that, for <1T+1T> in each Tx chain combination, the port-mapping combination is either <0P+1P> or <1P+0P> for option 1.
· Alt 3: All the potential mappings listed in Table 3 and Table 4 are supported except that, 
· For <1T+1T> in each Tx chain combination, the port-mapping combination is either <0P+1P> or <1P+0P> for option 1
· <0T+2T> in each Tx chain combination corresponds to port-mapping combination <0P+2P> .
· Alt 4: All the potential mappings listed in Table 3 and Table 4 are supported except that <1T+1T> in each Tx chain combination is only applied to option 2, with the corresponding port-mapping combination <1P+1P>.
UL Tx switching categories 
Depending on the discussion in sections 2.2.1 and 2.2.2, the UL Tx switching can be divided into the following five categories based on the assumption of Alt1. 
· Cat 1: similar to R16/17 UL Tx switching between 2 bands, e.g., the 1Tx-2Tx switching between a first band with 1 Tx and a second band with 2 Tx, including the Tx switching between the following cases: 
	
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+0P+1P, 0P+1P+1P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+0P+1P, 0P+1P+1P(option2)

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



· Cat 2: similar to R16/17 UL Tx switching between 2 bands, e.g., 2Tx-2Tx switching where 2Tx switch from a first band to a second band, including the Tx switching between the following cases:
	

	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

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

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

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



· Cat 3: UL Tx switching on 3 or 4 bands, e.g., 1 Tx switches from a first band to a second band while the other Tx remains on a third band.
	
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P(option2)

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P(option2)

	Case 6
	0T+1T+1T
	0P+1P+0P,0P+0P+1P, 0P+1P+1P(option2)


· Cat 4: UL Tx switching on 3 or 4 bands, e.g., 1 Tx and another 1 TX switch from a first band and a second band to a third band, respectively, or vice versa.
	
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T
	1P+0P+0P, 0P+1P+0P, 1P+1P+0P(option2)

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



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

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

	Case 5
	1T+0T+1T
	1P+0P+0P, 0P+0P+1P, 1P+0P+1P(option2)



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

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

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+0P+1P, 0P+1P+1P(option2)



· Cat 5: Specific for UL Tx switching on 4 bands, e.g., the TX switching involves two source bands and another two target bands.
	
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 1
	1T+1T+0T+0T
	1P+0P+0P+0P, 0P+1P+0P+0P, 1P+1P+0P+0P(option2)

	Case 6
	0T+0T+1T+1T
	0P+0P+0P+1P, 0P+0P+1P+0P, 0P+0P+1P+1P(option2)



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 4
	0T +1T +1T+0T
	0P+1P+0P+0P, 0P+0P+1P+0P, 0P+1P+1P+0P(option2)

	Case 8
	1T+0T +0T+1T
	1P+0P+0P+0P, 0P+0P +0P+1P,1P+0P+0P+1P(option2)



	 
	Number of Tx chains
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2) + band C (carrier 3))

	Case 5
	0T +1T +0T+1T
	0P+1P+0P+0P, 0P+0P+0P+1P, 0P+1P+0P+1P(option2)

	Case 7
	1T+0T +1T+0T
	1P+0P+0P+0P, 0P+0P+1P+0P, 1P+0P+1P+0P(option2)



[bookmark: _Ref102135384]Proposal 7: The classification of the Tx switching between cases can be a starting point for Rel-18 Tx switching which helps to establish the discussion structure of the WI.
Work plan related to RAN4
Many of the design of UL Tx switching highly depend on RAN4’s work. From the RAN1’s perspective, some aspects may need clarification or confirmation from RAN4.
First of all, it should be clarified whether the 2TX chain can be separately scheduled. In our view, 2Tx chains are usually managed jointly, which means if one of the Tx chains is triggered to switch from one band to another band, the other is not expected to be used for transmission properly during the switching time. RAN1 and probably RAN4 should confirm this assumption at the first stage, after which we can discuss the scenarios for Tx switching. Secondly, the scenarios for Tx switching should be determined as early as possible with RAN4’s insights so as to complete the WI in time. 
[bookmark: _Ref102135387]Proposal 8: Clarify if one of the two Tx chains is triggered to switch from one band to another band, the other is not expected to be used for transmission properly during the switching time.
[bookmark: _Ref102135342][bookmark: PP12]Observation 1: The scenarios for Tx switching across up to 3 or 4  bands should be determined as early as possible with RAN4’s insights so as to complete the WI in time.
3. Conclusion
In this contribution, we discuss some issues on Tx switching across 3 or 4 bands, and have the following observations and proposals:
Observation 1: The scenarios for Tx switching across up to 3 or 4  bands should be determined as early as possible with RAN4’s insights so as to complete the WI in time.
Proposal 1: For Rel-18 UL Tx switching, inter-band CA and SUL based Tx switching across up to 3 or 4 bands should be studied, and inter-band CA based Tx switching can be a starting point for discussion.
Proposal 2: The Tx switching between different cases for 3 or 4 bands can at least include:
· Scenario 1: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A and 2 Tx on band B, while 0Tx on band C (and band D if configured).
· Scenario 2: Switching between the case of 0 Tx on band A and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B, while 0Tx on band C (and band D if configured).
· Scenario 3: Switching among the case of 1 Tx on band A and 1 Tx on band B, the case of 0 Tx on band A and 2 Tx on band B, and the case of 2 Tx on band A and 0 Tx on band B, while 0Tx on band C (and band D if configured).
Proposal 3: The following Tx switching between different cases for 3 or 4 bands can be studied in Rel-18:
· Scenario 4: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 0 Tx on band A/B and 2 Tx on band C, (while 0Tx on band D if configured).
· Scenario 5: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band A and 1 Tx on band C, (while 0Tx on band D if configured).
Proposal 4: The following Tx switching between different cases for 4 bands can be studied in Rel-18:
· Scenario 6: Switching between the case of 1 Tx on band A and 1 Tx on band B, and the case of 1 Tx on band C and 1 Tx on band D.
Proposal 5: Option 1(switchedUL) and option 2 (DualUL) are both supported in Rel-18 Tx switching.
Proposal 6: Down select the four alternatives for mapping between UL transmission ports and Tx chains.
· Alt 1: All the potential mappings listed in Table 3 and Table 4 are supported.
· Alt 2: All the potential mappings listed in Table 3 and Table 4 are supported except that, for <1T+1T> in each Tx chain combination, the port-mapping combination is either <0P+1P> or <1P+0P> for option 1.
· Alt 3: All the potential mappings listed in Table 3 and Table 4 are supported except that, 
· For <1T+1T> in each Tx chain combination, the port-mapping combination is either <0P+1P> or <1P+0P> for option 1
· <0T+2T> in each Tx chain combination corresponds to port-mapping combination <0P+2P> .
· Alt 4: All the potential mappings listed in Table 3 and Table 4 are supported except that <1T+1T> in each Tx chain combination is only applied to option 2, with the corresponding port-mapping combination <1P+1P>.
Proposal 7: The classification of the Tx switching between cases can be a starting point for Rel-18 Tx switching which helps to establish the discussion structure of the WI.
Proposal 8: Clarify if one of the two Tx chains is triggered to switch from one band to another band, the other is not expected to be used for transmission properly during the switching time.
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