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Introduction
In RAN1 109e meeting, multi-carrier UL Tx switch was discussed and the following observation, conclusion and agreement were achieved [1]:
Conclusion
EN-DC cases are out of scope for Rel-18 UL Tx switching
Conclusion
UL only cell cases are out of scope for Rel-18 UL Tx switching
RAN1 Observation
Four contributions (R1-2203136, R1-2204724, R1-2204909, R1-2205131) from three companies show their evaluation results on UL Tx switching across 3 or 4 bands at RAN1#109-e meeting.
· All evaluation results show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands, assuming TDD bands with different TDD UL/DL configurations are included in 4 bands.
· Evaluation results in R1-2203136 show the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 3 bands.
· Evaluation results in R1-2204724 show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
· Evaluation results in 5131 observe that the gain highly depends on the scheduling mechanism.
· The range of performance gains shown in four contributions varies depending on the simulation assumptions.
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
Agreement
Send LS to RAN4 to ask their feedback on the potential increase of switching period and complexity in the case of UL Tx switching across 3 or 4 bands
· In the LS, observations based on the evaluation results and alternative switching mechanisms discussed in RAN1 are captured for the information to RAN4
· In the LS, RAN1 also asks RAN4 feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands
· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period
LS is endorsed in R1-2205502.
Conclusion
If Rel-18 UL Tx switching is supported, following assumption is applied for Rel-18 UL Tx switching across up to 3 or 4 bands
· Only when the two Tx chains are linked to one NR band, the 2-ports UL transmission on the NR band is possible
RAN1 Observation
Following proposals to address the concern on UE/gNB complexity increase or scheduling restriction due to UL Tx switching across larger number of bands compared with Rel-16/17 are identified in contributions submitted at RAN1#109-e, and companies are encouraged to investigate pros and cons of the proposals so that one or some of them may be down-selected after the down-selection of the mechanism for dynamic Tx carrier switching across the configured bands
· UE can report the supports of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions)
· Switching across 0/1/2 ports is supported only for 2 configured bands out of 3 or 4 configured bands and other bands support switching across 0/1 port only
· Only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured
· Prioritization rules between uplink carriers are specified
· No restriction on the UEs choice of MIMO capability on any of the bands/CCs involved in the UL Tx switching band combination is introduced
· After one RF state switch, the next RF state switch must occur after 14 symbols or later (FFS: which SCS is assumed for the symbol duration)
· Note: Other solutions are not precluded
· Note: each proposal assumes certain mechanism for dynamic Tx carrier switching across the configured bands, and hence some or all of the proposals may not be necessary depending on the down selection of the mechanism for dynamic Tx carrier switching across the configured bands

Conclusion
It is RAN1’s understanding that RAN4 should lead the discussion on UL Tx switching with multiple TAGs for both 2 bands case and more than 2 bands case
· For further discussion in RAN1 with regards to UL Tx switching with multiple TAGs, it will be discussed only if triggered by RAN4
· If it is decided to support UL Tx switching with multiple TAGs, it is RAN1's working assumption that the number of TAGs should be limited to up to 2

RAN1 Observation
Following possible switching configurations can be considered, and RAN1 may discuss if any of the following switching configurations need to be supported after making some progress on the discussion on the switching mechanism
· For 3 bands case
· Switching configuration.3-1: all the 3 bands support up to 2Tx
· Switching configuration.3-2: only 1 band out of 3 bands support up to 2Tx
· Switching configuration.3-3: only 2 bands out of 3 bands support up to 2Tx
· For 4 bands case
· Switching configuration.4-1: all the 4 bands support up to 2Tx
· Switching configuration.4-2: only 1 band out of 4 bands support up to 2Tx 
· Switching configuration.4-3: only 2 bands out of 4 bands support up to 2Tx 
· Switching configuration.4-4: only 3 bands out of 4 bands support up to 2Tx 
· Note: The Spec should not restrict which Tx chain is fixed or switched across certain bands. 

In this document, UL Tx switching is further discussed.
Discussion 
In RAN1-109e meeting, the following possible mechanisms for dynamic Tx carrier switching across the configured bands are suggested for down-selection:
· 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
For Alt2, the procedure to switch from one 2-band combination to another 2-band combination should be studied, e.g. whether there is a restriction on band combination for switch, the initial state for 2 band combination and so on. And it increases switch latency due to switch procedure includes band combination switch and band switch within one band combination and each step requires one switch period.
For Alt 3, mechanism is closely related with hardware implementation and it cannot provide benefit for any implementation solution. And it increases switch latency due to switch procedure includes band-to-anchor band and anchor band-to-band and each step requires one switch period.
Proposal 1: Alt 1, i.e. Dynamic Tx carrier switching across all the supported switching cases, is preferred due to less spec effort and low switch latency.
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.  
[bookmark: _GoBack]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. Considering that simultaneous 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. In addition, combination of SUL band and corresponding NUL band should be precluded.
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. Study on supported band combinations for R18 Tx switch can be started in RAN 4.
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 is 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, needs further discussion. 
Conclusions
In this contribution, we discuss scenario of UL Tx switch with the following proposals:
Proposal 1: Alt 1, i.e. Dynamic Tx carrier switching across all the supported switching cases, is preferred due to less spec effort and low switch latency.
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. Study on supported band combinations for R18 Tx switch can be started in RAN 4.
Proposal 4: For inter-band UL CA option 2 with 3 or 4 carriers, the cases not covered by Rel-16/17, needs further discussion. 
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