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Introduction
In RAN1 110 meeting, multi-carrier UL Tx switch was discussed and the following observation, one working assumption achieved [1]:
Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· 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 dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
· Other options are not precluded

In this document, UL Tx switching is further discussed.
Discussion 
In RAN1-110 meeting, dynamic Tx carrier switching across all the supported switching cases is agreed as a baseline, and complexity reduction options were discussed and four listed options are benefit for complexity reduction.
· Option 1: UE is allowed to support only some of concurrent UL cases if inter-band UL CA option 2 is applied. Considering that concurrent transmission on the two bands for some cases, supporting switching between all these cases could be challenging for most of the UEs. Hence, it is necessary to allow UE to report which band combinations are supported for simultaneous transmission or Tx switch. Study on supported band combinations for Tx switch can be started in RAN 4. If inter-band CA option 2 is supported by UE, at least one band pair should be supported as in Rel-17.The restriction is applied for both 3 and 4 bands cases
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching. In existing spec, UE can report which band is capable of 2-port UL-MIMO, so existing capability report can be reused and additional restriction can be considered for 3 bands or 4 bands.
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns, which is necessary to support Tx switch among 3 or 4 bands. Considering carrier search and memory allocation, some switching band pairs require more preparation procedure time, around interruption time. Tx switch procedure is closely related with product implementation, the switching band pairs requiring longer switching time, i.e. interruption time is reported by UE. For example, UE reports some Tx switch band sets, each set has up to two bands. If Tx switch happens within one Tx switch band set, the existing switching period can be reused and if Tx switch happens between Tx switch band sets, i.e. new scheduled band is out of current Tx switch band set, longer switching period is required. As shown in Figure 1, Tx switch band set {band 1, band 2},{band 1, band 3} and {band 1, band 4} are reported by UE and {band 1 and band 2} is regarded as initial Tx switch set. When UE is requested to switch from band 1 to band 2, the existing switch time is required due to band 1 and band 2 are within Tx switch band set 1. When UE is requested to switch to band 3, which is out of Tx switch band set 1, longer switch time is required and meanwhile Tx switch band set 1 is switched to Tx switch band set 2 due to only Tx switch band set 2 includes band 3. 


Figure 1 Tx switch period illustration
In some Tx switch case, ambiguity may occur. Taking Figure 2 as an example, Band set 1 with band 1 and band 2 is an initial band set. When UE is scheduled in band 3, Tx chain mapping is not clear i.e. which band set is to be switched, band set 2 or band set 3. This issue is similar as ambiguous issue in R17 Tx switch, so the similar solution can be considered, i.e. RRC signaling indicates next UL TX switching case. To be specific, in case that current band set 1 is assumed and band 3 is scheduled, then band set 3 is configured to be switched. Note that ambiguous issue generally becomes complex as band number increases regardless of any solution for option 3. However, Two-level ambiguous solution, i.e. ambiguous solution between band set and ambiguous solution within band set, follow current spec logic for each level and reuse legacy solution for ambiguous issue within band set completely. So two-level ambiguous solution has smaller spec and implementation impact.


Figure 2 Ambiguous issue on Tx switch band set
· Option 4: UE is allowed to support only some of band pairs for tx switching, which is benefit for UE complexity reduction. Study on supported band combinations for Tx switch can be started in RAN4.
Proposal 1: Option 1 -4 are benefit for complexity reduction and can be considered to be specified. 

For inter-band UL CA option 1, switching period is always required whenever current UL transmission carrier is different from the preceding carrier regardless the number of ports used for the transmission. And R17 triggering mechanism of UL Tx switching specified in S6.1.6.2 and S6.1.6.3 of TS 38.214 for UL CA Option 1 can be reused. In addition, all switch cases in Table 1 and 2 can be supported.
Table 1 Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

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

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



Table 2 Mapping between UL transmission ports and Tx chains for inter-band UL CA option1 with 4 carriers
	
	Tx chains
 (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	Antenna ports for UL transmission 
(carrier 1 + carrier 2+ carrier 3 carrier 4)

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

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

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

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



Proposal 2: For inter-band UL CA option 1 with 3 or 4 carriers, R17 triggering mechanism can be reused to support Tx switch among 3 or 4 bands.  
For inter-band UL CA option 2 with 3 or 4 carriers, the switch cases for the 3 or 4 bands scenario is provided in the Table 3 and Table 4. As previous mentioned, supported band combinations can be reported by UE.
Table 3 Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	Tx chains 
(carrier 1 + carrier 2 + carrier 3)
	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}


    
Table 4 Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Tx chains
(carrier 1 + carrier 2 + carrier 3 + carrier 4)
	 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 3: For inter-band UL CA option 2 with 3 or 4 carriers, supported band combinations can be reported by UE. 
For inter-band UL CA option 2 with 3 or 4 carriers, the current UL transmission carrier(s) and the preceding carrier(s) can involve 3 carriers or 4 carriers, which are not covered by Rel-16 & Rel-17 specifications.  For such cases, the specification impact can be further discussed. The following case in table 5 and 6 requires scheduling restriction taking switch period into account.
Table 5 Additional Tx switch case for inter-band UL CA option 2 with 3 carriers
	Preceding carrier
	Current carrier

	Case 1
	Case 2,3,6

	Case 2
	Case 1,3,5

	Case 3
	Case 1,2,4

	Case 4
	Case 3

	Case 5
	Case 2

	Case 6
	Case 1



Table 6 Additional Tx switch case for inter-band UL CA option 2 with 4 carriers
	Preceding carrier
	Current carrier

	Case 1
	Case 2,3,4,5,6,9,10

	Case 2
	Case 1,3,4,5,6,8,10

	Case 3
	Case 1,2,4,5,6,7,10

	Case 4
	Case 1,2,3,5,6,7,8

	Case 5
	Case 1,2,3,4,6,7,9

	Case 6
	Case 1,2,3,4,5,8,9

	Case 7
	Case 3,4,5,8,9,10

	Case 8
	Case 2,4,6,7,9,10

	Case 9
	Case 1,4,5,7,8,10

	Case 10
	Case 1,2,3,7,8,9



Proposal 4: For inter-band UL CA option 2 with 3 or 4 carriers, the cases not covered by Rel-16/17 need further discussion. 
Conclusions
In this contribution, we discuss scenario of UL Tx switch with the following proposals:
Proposal 1: Option 1 -4 are benefit for complexity reduction and can be considered to be specified. 
Proposal 2: For inter-band UL CA option 1 with 3 or 4 carriers, R17 triggering mechanism can be reused to support Tx switch among 3 or 4 bands.  
Proposal 3: For inter-band UL CA option 2 with 3 or 4 carriers, supported band combinations can be reported by UE. 
[bookmark: _GoBack]Proposal 4: For inter-band UL CA option 2 with 3 or 4 carriers, the cases not covered by Rel-16/17 need further discussion. 
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