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1. Introduction
In this contribution, the details of supported UL Tx switching cases and some remaining issues are discussed. 
2. Discussion
2.1. UL Tx switching cases 
For the UL Tx switching cases, the transition of Tx chain state for both switchUL and dualUL and the antenna port mapping are discussed.
1. 
2. 
2.1. 
[bookmark: _Ref118303476]The combinations of Tx chains for 3 or 4 bands 
In last RAN1 meeting[1], the following agreement is achieved.
	Agreement in RAN1 110b-e
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 
· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination



In Scenario #1, since up to 2 ports UL transmissions are supported on all the bands, and switchedUL mode does not support concurrent transmission on any of the band pairs, alt 1-1 is preferred because of the commonality with the Rel-17 UL Tx switching mechanism. If alt1-2 is adopted, 1 port transmission may be assumed as either in 2T state (i.e., 2 Tx are both in one band) on one band or 1T-1T state (i.e., 1Tx in one band and 1Tx in another band), which causes unnecessary ambiguity issue for switchedUL. 
In Scenario #2, if only some of the bands support up to 2 ports UL transmission, according to the Rel-16 UL Tx switching mechanism, at least the 1T+1T state should be supported for the band where 2 ports UL transmission is not supported. While for the bands supporting 2 ports UL transmission, it is unnecessary to support 1T-1T state since 2T state is sufficient to cover 1 port transmission for these bands. More specifically, if one or two band of a band pair does not support 2 port UL transmission, 1T-1T state can be assumed. For example, if band A does not support 2 port transmission, while band B and band C support 2 port transmission, the following Tx states in Table 1 are assumed.
[bookmark: _Ref118314411]Table 1 The combinations of Tx chains for 3 bands for Scenario #2
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T

	Case 4
	0T+0T+2T

	Case 5
	1T+0T+1T


In Scenario #3, the prerequisite of concurrent transmission should be clarified. It is concluded in RAN4 that UL CA support is required for concurrent transmission. From RAN1 respective, dualUL mode is the prerequisite for concurrent transmission, but not the contrary. Moreover, if a UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands (Scenario #3a), the same Tx chain as Scenario#3 should be assumed. Thus, if the UE does support concurrent transmission on specific band pair(s), 1T-1T for the band pair(s) are assumed still as long as dualUL mode is configured.
Besides, to ensure completeness of the switching cases for dualUL, some additional scenarios may need to be further discussed.
· Scenario#4: For dualUL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 
· Alt.4-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.4-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#5: For dualUL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, 
· Alt.5-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.5-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.5-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
For Scenario #4, besides that 2T state in each band is assumed, switching cases (Tx chain states) with 1T-1T can also be assumed for dualUL.
For Scenario #5, besides that 2T state is assumed in the band which support up to 2 ports transmission, switching cases (Tx chain states) with 1T-1T can also be assumed for dualUL.
[bookmark: _Ref118707938]Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed. (Alt 1-1 in Scenario #1).
[bookmark: _Ref118707943]Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands (Alt 2-1 in Scenario #2)
· for the band where 2 ports UL transmission is supported, switching cases (Tx chain states) with 2T are assumed.
· for the band where 2 ports UL transmission is not supported, if one or two band in a band pair does not support 2 port UL transmission, 1T-1T state can be assumed for the band pair.
[bookmark: _Ref118707951]Proposal 3: For dual UL, if UE does not support concurrent transmission on specific band pair(s), corresponding switching case(s) with 1T-1T for the band pair(s) are assumed. (Alt 3-2 in Scenario #3 and Scenario #3a)
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination.
[bookmark: _Ref118707971]Proposal 4: For dualUL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, besides that 2T state can be assumed for each band, switching cases (Tx chain states) with 1T-1T can also be assumed. (Alt 4-2 in Scenario #4)
[bookmark: _Ref118707983]Proposal 5: For dualUL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, besides that 2T state can be assumed for the band which support up to 2 ports transmission, switching cases (Tx chain states) with 1T-1T can also be assumed for dualUL. (Alt 5-3 in Scenario #5)
The detailed switching cases are as follows: 
For 3 bands, at least the following situations (i.e., situations 1/2/3) should be supported as these situations are almost identical to the Tx switching cases 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 the frequency corresponding to the bands A/B/C are configurable, which means that Tx switching with 0Tx assigned on band A, band B or band C is essentially equivalent, and can be handled uniquely by the following situations 1/2/3. For example, the Tx switching between case 3 and case 5 also falls under situation 1 with 0Tx on a third band (i.e., band B). 
· Situation 1: switching between case 1 and case 2, for both switchedUL and dualUL when band A does not support up to 2 ports UL transmission and band B supports up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T


· Situation 2: switching between case 2 and case 3, for switchedUL when band A and band B support up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


· Situation 3: switching between two of case 1, case 2 and case 3, for dualUL when band A and band B support up to 2 ports UL transmission.
	
	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 situations, the following situation 4 and situation 5 which involve 3 bands during the TX switching should be handled in Rel-18. Specifically, in situation 4, UE performs switching of both TX across 3 bands, and in situation 5, UE may have only 1Tx switched between two bands while the other Tx remained in band A.
· Situation 4: switching between case 1 and case 4, when band A and/or band B does not support up to 2 ports transmission, and band C supports up to 2 ports transmission for switchedUL, or for the case of dualUL where at least band C supports up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 4
	0T+0T+2T


· Situation 5: switching between case 1 and case 5 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band A and/or band C does not support up to 2 ports transmission.
	
	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 situation 4. Tx switching between case 5 and case 6 can be classified in situation 5.  
Especially, the Tx switching involving 4 bands as below should be handled in Rel-18:
· Situation 6: switching between case 1 and case 6 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band C and/or band D does not support up to 2 ports transmission. 
	Case 1
	1T+1T+0T+0T

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


[bookmark: _Ref115444661]Proposal 6: The Tx switching between different cases for 3 or 4 bands can at least include these situations that are almost identical to the Tx switching cases between 2 bands specified in Rel-16/Rel-17.
· Situation 1: switching between case 1 and case 2, for both switchedUL and dualUL when band A does not support up to 2 ports UL transmission and band B supports up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T


· Situation 2: switching between case 2 and case 3, for switchedUL when band A and band B support up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


· Situation 3: switching among case 1, case 2 and case 3, for dualUL when band A and band B support up to 2 ports UL transmission.
	
	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


[bookmark: _Ref118707991]Proposal 7: The following Tx switching between different cases for 3 or 4 bands can be supported in Rel-18:
· Situation 4: switching between case 1 and case 4, when band A and/or band B does not support up to 2 ports transmission, and band C supports up to 2 ports transmission for switchedUL, or for the case of dualUL where at least band C supports up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 4
	0T+0T+2T


· Situation 5: switching between case 1 and case 5 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band A and/or band C does not support up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 5
	1T+0T+1T


[bookmark: _Ref118708001]Proposal 8: The following Tx switching between different cases for 4 bands can be supported in Rel-18:
· Situation 6: switching between case 1 and case 6 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band C and/or band D does not support up to 2 ports transmission.
	Case 1
	1T+1T+0T+0T

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


[bookmark: _Ref118317522]The mapping between UL transmission ports and Tx chains 
	Agreement in RAN1 110b-e[1]
If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.
· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching
· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching
· For dual UL, following new conditions are considered
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)
· FFS for switched UL and/or for the case with complexity reduction option 1 or 2
· FFS the same or different switch period for existing conditions and new conditions


Following the discussion on the Tx chain states are discussed in section 2.1.1, the mapping between UL transmission ports and Tx chains for 3 or 4 bands should also be specified. The overall mappings between UL transmission ports and Tx chains for dualUL are illustrated in Table 2 and Table 3 assuming that there is one carrier per band and all the bands support up to 2 ports UL transmission. The principle is that the number of ports is not larger than the number of Tx chains per UL transmission. 
[bookmark: _Ref118314425]Table 2 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	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 

	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 

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


[bookmark: _Ref118314432][bookmark: _Ref118708363]Table 3 The mapping between UL transmission ports and Tx chains for 4 bands with dualUL
	 
	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

	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 

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

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

	Case 7
	1T+0T+1T+0T
	1P+0P+0P+0P, 0P+0P+1P+0P, 1P+0P+1P+0P

	Case 8
	1T+0T+0T+1T
	1P+0P+0P+0P, 0P+0P+0P+1P, 1P+0P+0P+1P

	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


[bookmark: _Ref118708005]Proposal 9: For dualUL when all the bands support 2 ports, the following mapping between UL Transmission and Tx chain state UL transmission is adopted:
Table 2 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	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 

	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 

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


Table 3 The mapping between UL transmission ports and Tx chains for 4 bands with dualUL
	 
	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

	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 

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

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

	Case 7
	1T+0T+1T+0T
	1P+0P+0P+0P, 0P+0P+1P+0P, 1P+0P+1P+0P

	Case 8
	1T+0T+0T+1T
	1P+0P+0P+0P, 0P+0P+0P+1P, 1P+0P+0P+1P

	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


As we discussed in section 2.1.1, concurrent transmission is supported only for dualUL. When concurrent transmission is not supported for a band pair, the 1P+1P port mapping is not supported for the corresponding band pair, either. Obviously, for switchedUL, 1P+1P port mapping is not supported. Thus, the first condition of dualUL is also applicable for switchedUL case.
[bookmark: _Ref118708010]Proposal 10: For dualUL, when the concurrent transmission is not supported for a band pair, the 1P+1P port mapping is not supported for the corresponding band pair, either.
[bookmark: _Ref118708017]Proposal 11: For switchedUL, the following new condition is considered
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) in case that one or two of the 2nd band and the 3rd band does not support up to 2 ports UL transmission.
2.2. Complexity Reduction with UE capability and gNB configuration
	Agreement[1]
If Rel-18 UL Tx switching for 3 or 4 bands with dual UL is supported, UE is allowed to support only some of band pairs for concurrent UL transmission based on UE capability
· The supported band pair for concurrent transmission requires the support of UL CA on the corresponding band pair(s) by the UE
· Details on the UE capability such as how to report the support of dual UL and the supported band pair(s) for concurrent UL transmission are further discussed 
· Details on the gNB configuration/indication such as how to indicate the band pair(s) UE should expect for concurrent UL transmission are further discussed 
· Note: UE is also allowed to support all band pairs for concurrent transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands with dual UL does not impose any restriction

Agreement[1]
If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability
· Further down-select from the following alternatives
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.3: at least two bands should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
· Details on the UE capability such as whether existing per-FS UL-MIMO capability can be reused or not are further discussed
· Details on the gNB configuration/indication such as whether/how to additionally indicate 2 ports UL transmission mode for a band/cell are further discussed
· Existing MIMO mechanism for MIMO mode indication should be reused
Note: UE is also allowed to support all bands for up to 2 ports UL transmission, and the design of Rel-18 UL Tx switching for 3 or 4 bands does not impose any restriction
· 


Since RAN1 has sent the LS to RAN2 asking the UE capability and gNB configuration for dualUL, it is better to wait for RAN2’s decision. However, as we discussed in 2.1.1, whether the concurrent transmission capability is equivalent to dualUL with UL CA, or a separate capability need clarification. In our view, since UL CA with dualUL can indicate concurrent transmission capability, it is unnecessary to introduce a new capability.
[bookmark: _Ref118708020]Proposal 12: The concurrent transmission capability can be implicitly derived by the capabilities of dualUL and UL CA.
The UE is allowed to support only some of the band(s) for up to 2 ports UL transmission based on UE capability. Compared with Rel-16/17 UL Tx switching mechanism, supporting UL carrier change among 3 or 4 bands is one motivation for Rel-18 Tx switching. For example, the switching between <1T+1T+0T> and <0T+1T+1T> should still be supported even when none of these bands supporting 2 ports UL transmission. Therefore, it is favorable not to impose additional restriction or prerequisite for the bands supporting up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands. 
Nevertheless, it is also noting that Rel-16 UL Tx switching requires at least one band supporting 2 ports UL transmission, and Rel-17 UL Tx switching requires at least two bands supporting 2 ports UL transmission. Then, requiring at least one band supporting 2 ports UL transmission, similar to Rel-16 UL Tx switching, can be a reasonable compromise. For the band with 2 ports transmission, existing per-FS UL-MIMO capability can be reused.
[bookmark: _Ref118708024]Proposal 13: If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, the following two alternatives are more preferred.
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
[bookmark: _Ref118708029]Proposal 14: For the UE capability, existing per-FS UL-MIMO capability can be reused.
2.3. Ambiguity
	Working Assumption[1]
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases
· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported
· if twoT is indicated, both of two Tx chains are switched to band C
· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
· Other alternative is not precluded
· FFS for other potential cases


For case#1, there is an example in Table 4, where two Tx chains are currently associated with band A, and the next transmission is 1 port transmission on band B. The ambiguity happens here as there are multiple possible switching cases where 1P on band B is supported: case1<1T+1T+0T >, case2<0T+2T+0T >, case6<0T+1T+1T >. If twoT is indicated, both of two Tx chains are switched to band B, and there is a unique state, i.e., case2 <0T+2T+0T >, while if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A, and there is also only one state, i.e., case1<1T+1T+0T >. 
[bookmark: _Ref118312983][bookmark: _Ref118312978]Table 4 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	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 

	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 

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


For case#2, there is an example in Table 5, where two Tx chains are currently associated with band A and B, and the next transmission is 1 port transmission on band C. There are multiple possible switching cases where 1P on band C is supported: case4<0T+0T+2T >, case5<1T+0T+1T>, case6<0T+1T+1T >. 
· If twoT is indicated, both of two Tx chains are switched to band C, i.e., case 4 <0T+0T+2T >.
· if oneT is indicated, one Tx chain is switched to band C. However, how to determine the associated band for another Tx chain is still ambiguous between case5<1T+0T+1T>, case6<0T+1T+1T >. Candidate solutions includes:
· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter
· Alt.2: based on predefined rule
To resolve the ambiguity, a new RRC parameter is proposed to indicate the <1T+0T+1T>, <0T+1T+1T > state, similar to the solution used in Rel-17. Till now, no other issue is identified when applying this solution.
[bookmark: _Ref118313781]Table 5 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	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

	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 

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


[bookmark: _Ref118708032]Proposal 15: Confirm the working assumption for ambiguity issue, a new RRC parameter can be used to indicate the Tx state after Tx switching.
2.4. Switching restriction
2.2. 
2.3. 
2.4. 
Minimum gap
	Working assumption[1]
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
Note: Companies are encouraged to provide detailed numbers of minimum separation time


To avoid frequent UL interruption due to switching, some restrictions on the minimum separation time between two UL Tx switchings have been specified in Rel-16/17 UL Tx switching. The UE does not expect to perform more than one uplink switching in a slot with μUL = max(μUL, 1, μUL, 2), where the μUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the μUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap. For a similar reason, the above alternatives were proposed for Rel-18 Tx switching. As R18 TX switching includes the TX switching cases involving only two bands that are already supported in R16/R17, alt2 is preferred to avoid changes to legacy cases. Regarding the new cases, i.e., a switch involving three or four bands, according to the conclusions of RAN4, the three candidate values (35/140/210us) for the switching period in R16 will be reused in R18, so that the eventual switching period will not be greater than 210us. Thus, it does not seem to have a strong motivation to introduce additional limits. The reference SCS can be the maximum SCS of the carriers which is involved in the UL Tx switching. 
[bookmark: _Ref118747878]Proposal 16: No more than one uplink Tx switching within a reference slot based on a SCS (i.e., alt2) is supported. The SCS can be the maximum SCS of the carriers which are involved in the UL Tx switching.
One Rel-18 Tx switching
	Issue 3: Issue of two Tx chains switched between two different band pairs
When the two Tx chains are switched between two different band pairs with different lengths of switching periods, RAN4 reached the following agreements:
· As baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods. 
· In addition to the baseline UE assumption, RAN4 has not concluded on whether advanced optional UE ability can be considered, with further discussions ongoing.


It has been agreed in RAN4[3] that the switching period is the larger one of the two switching periods when the two Tx chains are switched between two different band pairs with different lengths of switching periods. It has been discussed whether the switching period is the same or different for existing conditions and new conditions discussed in section 2.1.2. From our respective, RAN4 LS[3] has resolved this issue.
However, the definition of ‘one Rel-18 Tx switching’ should be clarified. More specifically, for the new switching cases involving 3 or 4 bands, whether and how to define ‘one Rel-18 Tx switching’ that is triggered by DCI(s) and/or configuration(s) should be discussed. For example, the preceding uplink transmission is a 1-port transmission in band A and 1-port transmission in band B, and UE is indicated by DCI#1 and DCI#2 to transmit 1-port UL transmission on band C and 1-port UL transmission in band D, respectively. In this case, there are 1Tx switching from band A to band C, and 1 Tx switching from band B to band D, which meets the condition “When the two Tx chains are switched between two different band pairs with different lengths of switching periods”. 
If this case is regarded as twice of “one Rel-18 Tx switching” as shown in the left part of Figure 1 and Figure 2 , the two Tx switching operations apply the reported switching period reported for the corresponding band pair A+C and band B+D respectively. UE determines to perform two TX switching, in a similar way to R16/R17 TX switching, according to DCIs received before T0,1-Toffset and T0,2-Toffset for each band pair respectively.  T0,1 and T0,2 correspond to the starting time of UL transmission on band C and band D respectively, while Toffset is the UE processing procedure time defined for the uplink transmission triggering. Consequently, all bands will suffer two UL interruptions. 
Otherwise, the larger one between the two switching period values for the two band pairs should be applied according to RAN4 conclusion, as “one Rel-18 Tx switching” shown in the right part of Figure 1 and Figure 2. In this case, UE determines the TX switching based on DCI(s) received before T0-Toffset, where T0 corresponds to the starting time of the earlier one in the UL transmissions on band C and D. From performance perspective, the later way forward (i.e., treat as ‘one Rel-18 TX switching’) seems more reasonable as there are less UL interruption time and less victim bands. Therefore, ‘one Rel-18 Tx swathing’ should include the case when the gap between the starting time of one UL transmission on band C and another UL transmission on band D at least partially overlap in time domain or does not exceed a range, or, the gap between the UL Tx trigger time does not exceed a range 
On the other hand, the reference DL/UL SCS to determine the Toffset need to be specified. For example, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is regarded as the reference DL SCS. Furthermore, the minimum SCS among the UL carriers involved in Tx switching can be used as the reference UL SCS.  
[image: ]
[bookmark: _Ref118733539]Figure 1 switching period applies to two Rel-18 Tx switching vs one Rel-18 Tx switching when the transmissions are overlapped in time domain
[bookmark: _Ref118708037][bookmark: _Ref118733544][image: ]
Figure 2 switching period applies to two Rel-18 Tx switching vs one Rel-18 Tx switching when the gap between the starting time of the two succeeding transmissions does not exceed a range 
[bookmark: _Ref118747880]Proposal 17: RAN4’s agreement to apply the larger switching period when the two Tx chains are switched between two different band pairs is for the case of one Rel-18 TX switching with two Tx chains switched, instead of two Rel-18 TX switching with 2TX chains switched, thus the definition of ‘one Rel-18 Tx switching’ should be clarified. 
[bookmark: _Ref118747881]Proposal 18: When the two Tx chains are switched between two different band pairs (e.g., band A + band B->band C + band D), UE determines how to perform TX switching, (i.e., whether to perform one TX switching or two TX switching), based on grants that are received by UE before T0-Toffset, where T0 is the earlier UL transmission in the UL transmissions after TX switching, Toffset is the UE processing procedure time defined for the uplink transmission triggering. 
[bookmark: _Ref118747882]Proposal 19: The DL/UL reference SCS to determine the Toffset need to be specified, for example, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is regarded as the reference DL SCS. The minimum SCS among the UL carriers involved in Tx switching is the reference UL SCS.
[bookmark: _Ref118747883]Proposal 20: “one Rel-18 Tx switching” include the cases where two UL transmissions with Tx switching are triggered, and the gap between the starting time (or the triggering time) of one UL transmission on one band and another UL transmission on another band does not exceed a range, e.g., 1 slot, or the two UL transmissions are partially overlapped in time domain.
2.5. Switching period Location
	Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.


The switching period location has been agreed in RAN4[3] to reuse Rel-16/17 approach for single-TAG. In Rel-16/17 UL Tx switching, the switching period is configured by a RRC parameter per serving cell. More specifically, network may configure uplinkTxSwitchingPeriodLocation-r16 to TRUE for the uplink carrier(s) on one band and FALSE for the uplink carrier(s) on the other band. If directly reusing the per-cell level configuration of switching period location to TX switching with 3 or 4 bands, it needs further indication for which band should be applied for switching period location when bands involved in TX switching are both configured with “true” or “false”.  The following proposal related to switching period location was discussed in the last meeting[4].
	Updated Proposed agreement 4.2.1
· Study on how to reuse Rel-16/17 approach to determine the switching period location i.e., semi-static configuration of switching period location on one of the bands for each switching band pair, and consider following options to solve the potential ambiguity issue on the switching period location for decision in RAN1#111
· Opt.0: Switching period location can be determined based on the indication of switching period location per band pair
· Opt.1: Switching period location can be determined based on predefined rule such as switch-from or switch-to
· Opt.2: Switching period location can be determined or configured based on specific band(s)
· Opt.3: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to}
· Opt.4: Switching period location can be determined based on the priority list of bands configured to the UE
· Opt.5: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to} per band pair
· Other option is not precluded
· FFS whether RAN1 spec impact is needed


For Opt.0, UE determines the switching period location per band pair, so that the band to consume the switching period for a TX switching can be determined once UE figures out the involved band pair. For Opt.1, the additional specific impact of predefined rule is not clear here. For Opt. 2, switching period location cannot be determined if both of or neither of the bands before and after Tx switching are specific bands. For Opt. 3 and Opt.5, for the same band pair, switch-from or switch-to band can be exchanged in different switching cases so that the switching period location would change, which is not incompatible with Rel-16/17 UL Tx switching. For Opt.4, the priority list can be determined in addition to the uplinkTxSwitchingPeriodLocation-r16 configuration. For example, switching period is located on the band with a larger band index, or on UL transmission with lower priority, when the band pair involved in TX switching are configured with uplinkTxSwitchingPeriodLocation-r16 with the same value.
[bookmark: _Ref118708045]Proposal 21: Switching period location can be determined based on indication of switching period location per band pair (Opt.0) or based on the priority list of bands configured to the UE (Opt.4).
3. Conclusion
In this contribution, we focus on details of UL Tx switching cases and have the following proposals:
Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed. (Alt 1-1 in Scenario #1).
Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands (Alt 2-1 in Scenario #2)
· for the band where 2 ports UL transmission is supported, switching cases (Tx chain states) with 2T are assumed.
· for the band where 2 ports UL transmission is not supported, if any band of one band pair does not support 2 port UL transmission, 1T-1T state can be assumed.
Proposal 3: For dual UL, if UE does not support concurrent transmission on specific band pair(s), corresponding switching case(s) with 1T-1T for the band pair(s) are assumed. (Alt 3-2 in Scenario #3 and Scenario #3a)
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination.
Proposal 4: For dualUL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, besides that 2T state can be assumed for each band, switching cases (Tx chain states) with 1T-1T can also be assumed. (Alt 4-2 in Scenario #4)
Proposal 5: For dualUL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, besides that 2T state can be assumed for the band which support up to 2 ports transmission, switching cases (Tx chain states) with 1T-1T can also be assumed for dualUL. (Alt 5-3 in Scenario #5)
Proposal 6: The Tx switching between different cases for 3 or 4 bands can at least include these situations that are almost identical to the Tx switching cases between 2 bands specified in Rel-16/Rel-17.
· Situation 1: switching between case 1 and case 2, for both switchedUL and dualUL when band A does not support up to 2 ports UL transmission and band B supports up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 2
	0T+2T+0T


· Situation 2: switching between case 2 and case 3, for switchedUL when band A and band B support up to 2 ports UL transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 2
	0T+2T+0T

	Case 3
	2T+0T+0T


· Situation 3: switching among case 1, case 2 and case 3, for dualUL when band A and band B support up to 2 ports UL transmission.
	
	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


Proposal 7: The following Tx switching between different cases for 3 or 4 bands can be supported in Rel-18:
· Situation 4: switching between case 1 and case 4, when band A and/or band B does not support up to 2 ports transmission, and band C supports up to 2 ports transmission for switchedUL, or for the case of dualUL where at least band C supports up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 4
	0T+0T+2T


· Situation 5: switching between case 1 and case 5 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band A and/or band C does not support up to 2 ports transmission.
	
	Number of Tx chains (band A + band B + band C)

	Case 1
	1T+1T+0T

	Case 5
	1T+0T+1T


Proposal 8: The following Tx switching between different cases for 4 bands can be supported in Rel-18:
· Situation 6: switching between case 1 and case 6 for dualUL, or for switchedUL when band A and/or band B does not support up to 2 ports transmission, and band C and/or band D does not support up to 2 ports transmission.
	Case 1
	1T+1T+0T+0T

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


Proposal 9: For dualUL when all the bands support 2 ports, the following mapping between UL Transmission and Tx chain state UL transmission is adopted:
Table 2 The mapping between UL transmission ports and Tx chains for 3 bands with dualUL
	 
	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 

	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 

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


Table 3 The mapping between UL transmission ports and Tx chains for 4 bands with dualUL 
	 
	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

	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 

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

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

	Case 7
	1T+0T+1T+0T
	1P+0P+0P+0P, 0P+0P+1P+0P, 1P+0P+1P+0P

	Case 8
	1T+0T+0T+1T
	1P+0P+0P+0P, 0P+0P+0P+1P, 1P+0P+0P+1P

	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


Proposal 10: For dualUL, when the concurrent transmission is not supported for a band pair, the 1P+1P port mapping is not supported for the corresponding band pair, either.
Proposal 11: For switchedUL, the following new condition is considered
· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) in case that one or two of the 2nd band and the 3rd band does not support up to 2 ports UL transmission.
Proposal 12: The concurrent transmission capability can be implicitly derived by the capabilities of dualUL and UL CA.
Proposal 13: If Rel-18 UL Tx switching for 3 or 4 bands is supported, UE is allowed to support only some of band(s) for up to 2 ports UL transmission based on UE capability, the following two alternatives are more preferred.
· Alt.1: no restriction for both switched UL and dual UL and for both 3 bands and 4 bands
· Alt.2: at least one band should support up to 2 ports UL transmission for both switched UL and dual UL and for both 3 bands and 4 bands
Proposal 14: For the UE capability, existing per-FS UL-MIMO capability can be reused.
Proposal 15: Confirm the working assumption for ambiguity issue, a new RRC parameter can be used to indicate the Tx state after Tx switching.
Proposal 16: No more than one uplink Tx switching within a reference slot based on a SCS (i.e., alt2) is supported. The SCS can be the maximum SCS of the carriers which are involved in the UL Tx switching.
Proposal 17: RAN4’s agreement to apply the larger switching period when the two Tx chains are switched between two different band pairs is for the case of one Rel-18 TX switching with two Tx chains switched, instead of two Rel-18 TX switching with 2TX chains switched, thus the definition of ‘one Rel-18 Tx switching’ should be clarified.
Proposal 18: When the two Tx chains are switched between two different band pairs (e.g., band A + band B->band C + band D), UE determines how to perform TX switching, (i.e., whether to perform one TX switching or two TX switching), based on grants that are received by UE before T0-Toffset, where T0 is the earlier UL transmission in the UL transmissions after TX switching, Toffset is the UE processing procedure time defined for the uplink transmission triggering.
Proposal 19: The DL/UL reference SCS to determine the Toffset need to be specified, for example, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is regarded as the reference DL SCS. The minimum SCS among the UL carriers involved in Tx switching is the reference UL SCS.
Proposal 20: “one Rel-18 Tx switching” include the cases where two UL transmissions with Tx switching are triggered, and the gap between the starting time (or the triggering time) of one UL transmission on one band and another UL transmission on another band does not exceed a range, e.g., 1 slot, or the two UL transmissions are partially overlapped in time domain.
Proposal 21: Switching period location can be determined based on indication of switching period location per band pair (Opt.0) or based on the priority list of bands configured to the UE (Opt.4).
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