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1. Introduction
The work item on supporting Multi-carrier enhancements for NR was approved in RAN 94 meeting [1] and the scope was revised in RAN 97 meeting [2]. The objects of WI on Multi-carrier UL Tx switching are listed as in the followings
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed.


In this document, the UL Tx switching schemes across up to 3 or 4 bands are discussed, including the scheme analysis of Tx switching across up 3 or 4 bands and the issues to be resolved in work study phase.
2. Discussion
2.1 Uplink Tx switching scheme across 3 or 4 bands 
2.1.1 Possible mechanisms for dynamic Tx carrier switching
In RAN1#110 meeting [3], the issue on how to perform dynamic Tx carrier switching across 3/4 bands was discussed, and following working assumption was agreed.
	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




To archive dynamic switching across 3/4 bands operation effectively, some possible schemes were discussed and summarized as four options listed above, the schemes focus on switching complexity reducing and more preparation procedure time. In this section, each option and key FFS issues are discussed.

2.1.1.1 Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
For dynamic UL Tx switching, option 1 (SwitchedUL) is supported because the major motivation of UL Tx switching is to improve uplink coverage. When UE is near the gNB, the high frequency band can be used for uplink transmission since issue of path loss is not serious. But when UE moves to the edge of cell, the UE shall switch to low frequency band to battle the weak receiving signal. Option 2 (DualUL) enable UE transmit PUSCH on both bands simultaneously and improve throughput of unicast transmission, but it also make UE become complexity. For 3/4 bands Tx switching operation, we think that the major point is to guarantee UE have flexible scheme to obtain a suitable band to perform uplink transmission. So only sub set band pair(s) supporting concurrent UL transmission is enough. For example, for 3 bands operation, only one band pairs is supported for concurrent UL transmission, for 4 bands operation, up to two band pairs are supported for concurrent UL transmission. To reduce UE implement complexity, the two band pairs has no same band, in another words, there is no intersection band between the two band pairs.  


Figure 1 subset band pair(s) supporting concurrent UL cases
As shown in figure 1, up to one band pairs is supported for concurrent UL transmission for 3 bands operation. E.g. only the band pair {band 1, band 2} is allowed to transmit simultaneously. For 4 bands operation, up to two band pairs are supported for concurrent UL transmission e.g.  both band pair {band 1, band 2} and band pair {band 3, band 4} are allowed to transmit simultaneously.
Proposal 1：UE is allowed to support only some of concurrent UL cases (band pairs)
· For 3 bands operation, up to one band pair can be supported.
· For 4 bands operation, up to  two band par(s) can be supported, and there is no intersection band between two band pairs(s)
2.1.1.2 Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
In Rel-16/Rel-17, PUSCH transmission on 2 ports has wide application scenarios, when UE is near the gNB and has good channel condition, rank=2 can be used which improves uplink throughput efficiently, and when UE is far from the gNB, rand=1 with diversity transmission can be used to improve the coverage performance. Thus, from the perspective of specification, it is allowed for UE to support 2 ports transmission on all of bands out of configured bands. Besides, UE also can be allowed to support 2 ports transmission only on some of bands of configured bands, and the limitations is based UE capability reported.
Proposal 2： From perspective of specification, UE is allowed to support 2 ports transmission all of bands out of configured 3/4 bands UL Tx switching.
Proposal 3： UE also can be allowed to support 2 ports transmission only on some of bands of configured 3/4 bands, and the limitations is based UE capability reported.

2.1.1.3 Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
When 3/4 bands are configured  for UL TX switching, it is assumed that one memory unit can store one band configuration of RF parameter, including 1 port transmission and 2 port(s) transmission. And the more preparation procedure time need to be considering when the number of memory unit storing band configuration is more than number of bands configured for switching. The number of memory unit depends on UE capability. Generally, the following possible conditions of capability may occur 
· Condition 1：only one memory unit for 3/4 bands UL Tx switching
If there is only one memory unit for storing RF parameter configuration of UL Tx switching, the more preparation procedure is needed even only 2 bands are configured, so it is not reasonable to discuss this issue for the Rel-16/Rel-17 switching case. And this condition shall be excluded.
· Condition 2: two memory unit(s) for 3/4 bands UL Tx switching 
When the UE has two memory unit(s) for storing the switching bands RF parameter configuration, there is no issues of more preparation procedure time for 2 bands case. But for 3/4 bands operation, the more preparation procedure time is needed when the new transmission band RF parameter is not stored in memory units, two cases as shown followings
· Case 1: one new band is involved on the next transmission state, and the new band is not any of current UL TX switching band pair. For example, new uplink transmission will occur on band 3, and the current switching band pair is {band 1, band 2}. 
· Case 2: two new bands are involved on the next transmission state, and the two new bands are all not same as current UL TX switching band pair. For example, new transmission band is {band 3, and band 4}, and the current switching band pair is {band 1, band 2}.
· Condition 3: three memory unit(s) for 3/4 bands UL Tx switching
When the UE has three memory unit(s) for storing the switching bands RF configuration, there is no issue of more preparation procedure time for 3 bands. But for 4 bands operation, the more preparation procedure time is needed when the new transmission band RF parameter is not stored in the any of three memory units, the case is shown followings
· Case 3: one new band is involved on the next transmission state, the new band is not any of current UL TX switching band pair whose RF parameter are stored in firs two memory units or not the band whose RF parameter is stored in the third memory unit. For example, the  new uplink transmission will occur on band 3，the current switching band pair is  {band 1, band 2}, and RF parameter of band 4 is also stored in memory unit, for this case, which band RF configuration will be replaced by new band transmission shall be studied by RAN1. 
· Condition 4: four memory unit(s) for  4 bands UL Tx switching
When the UE has four memory unit(s) for storing the switching bands RF configuration, there is no issue of more preparation procedure time for 3 bands.
As described above, for “FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17”, the following suggestion is proposed.
Proposal 4：For the UE that can pre-stored two bands RF parameter configuration, the following cases that more preparation procedure time are necessary
· Case 1: one new band is involved on the next transmission state, and the new band is not any band included in current UL TX switching band pair. 
· Case 2: two new bands are involved on the next transmission state, and the two new bands are all not same as bands in current UL TX switching band pair. 
Proposal 5：For the UE that can pre-stored three bands RF parameter configuration, the following case that more preparation procedure time is necessary
· Case 3: one new band is involved on the next transmission state, the new band is not any of current UL TX switching band pair whose RF parameter are stored in firs two memory units or not the band whose RF parameter is stored in the third memory unit. 
Moreover, for case 2 described above, it is obvious that RF parameter of both band 1 and band 2 will be replaced by band3 and band. But for case 1 and case 3, which band RF configuration, will be replaced by new band transmission shall be studied by RAN1. It means that both UE and gNB can have same understanding on what bands RF configuration are stored in memory to determine whether the special switching cases will be occurred on next uplink transmission state.

Proposal 6: when the special switching is occurring, which band(s) RF parameter will be replaced by new band transmission shall be specified.

To discuss the duration of additional preparation procedure time, the possible architecture is shown as following figure. 


Figure 2 possible architecture of UE
As shown in figure 2, if a UE want to transmit uplink on a special band, two steps are needed to configure the RF parameter  on RF chip, which shown as following
· Step1: Base band chip sends the band RF parameter configuration to RF chip by C-1 control interface. After receiving RF parameter, the RF chip will store it in memory unit temporary.
· Step 2: Before actual uplink transmission timing T0, RF parameter will be written to RF hardware before,  is {35us, 140 us, 210us} which defined in Rel-17.
For step 1, the communication between the base band chip and RF chip by control interface C-1 is not always real-time, and RF chip is triggered to receive configuration information from base band by a tick, the mechanism of tick can save powering consuming of RF chip. Generally, the duration of tick clock a length of a reference slot. So the more preparation procedure time can be the duration of the reference slot, the reference slot can be same as SCS of configured for the band transmission.
For step 2, the RF configuration can be pre-loaded in memory before actual uplink transmission, only memory unit is flushed and new band RF parameter configuration  is stored, and the parameter of actual uplink transmission still use old parameter . So the earliest time of more preparation procedure can start first symbol of previous uplink transmission, which is shown as following


Figure 3 earliest time of additional preparation procedure
As shown in figure 3, the uplink transmission on band 2 starts at t1 and end at t2, the new band transmission on band 3 is scheduled by DCI, since the RF parameter configuration of band 3 is not stored in any of memory units, the UE shall determine which memory unit shall be flushed and replaced by band 3 configuration, and UE shall also determine when the procedure of memory flushing and loading can start. It is assumed that memory unit M2 is selected and RF parameter configuration will be replaced by band 3’s.So the earliest timing for loading new band parameter can be on the first symbol of uplink transmission band 2.In this case, if the duration of uplink transmission on band 2 is larger than preparation procedure time, it will not cause interruption time.

For “FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary”, it is suggested following proposal 
Proposal 7：The duration of more preparation procedure time can be a reference slot, and the reference slot can be same as SCS of configured for the band transmission. And it may not be RAN4 issue

Since the loading new band parameter configuration does not cause transmission interruption if the procedure can start on first symbol of uplink transmission whose band parameter will be replaced by new band transmission, the procedure for loading new band RF parameter configuration is RAN1 issue, and the preparation procedure time can be counted separately, not including switching period.

For “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”, it is suggested following proposal 
Proposal 8：The earliest timing of more preparation procedure for loading new band parameter can be as following
· On the start of first symbol of uplink transmission whose band parameter will be replaced by new band transmission.
Proposal 9：It does not include interruption happens during the preparation procedure time. And it should not include switching period.
 .
The specific switching cases/patterns that preparation procedure time is necessary depend on UE capability, if UE has different number of memory unit, different cases are existed. We copy the analysis above as following 
· Condition 2: two memory unit(s) for 3/4 bands UL Tx switching 
· Case 1: one new band is involved on the next transmission state, and the new band is not any of current UL TX switching band pair. 
· Case 2: two new bands are involved on the next transmission state, and the two new bands are all not same as current UL TX switching band pair.
· Condition 3: three memory unit(s) for  3/4 bands UL Tx switching
· Case 3: one new band is involved on the next transmission state, the new band is not any of current UL TX switching band pair whose RF parameter are stored in firs two memory units or not the band whose RF parameter is stored in the third memory unit. 
The mapping between UE capability and special case that need preparation procedure time can be summarized as following table 1.
Table 1: special cases that need preparation procedure time
	Capability (number of memory)
	3 band operation
	4 bands operation
	Note

	2
	Case-1
	Case-1,Case-2
	2 bands configuration can pre-loaded

	3
	X
	Case-3
	3 bands configuration can pre-loaded

	4
	X
	X
	4 bands configuration can pre-loaded



For “FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)”, it is suggested following proposal 
Proposal 10：The report/indicate the specific switching cases/patterns is necessary, and UE capability reported is based on number of band RF parameter configuration can be pre-loaded, the range of number is {2,3,4}.

As described above, only some special cases of UL Tx switching need preparation procedure for band 3/4 operation, and the special cases depends on UE capability. The interval between two succeeding special UL Tx switching is limited, and the minimum interval between two succeeding special UL Tx switching can be duration of prepare time.

For “FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary”, it is suggested following proposal 
Proposal 11：Minimum interval between two succeeding special UL Tx switching can be duration of prepare time. And the special UL Tx switching case refers to the cases that need preparation procedure time.
2.1.2 Uplink Tx switching for carrier aggregation
For inter-band UL CA option 1 in Rel-17, UL Tx switching between case 2 and case 3 is supported according to the following agreement achieved in RAN1#104b meeting. The mapping rule between UL transmission ports and Tx chains is that the UL transmission can’t be scheduled or configured on both carrier 1 and carrier 2 simultaneously. In case 2 and case3, the UE can be scheduled or configured with 1-port or 2-port  UL transmission on carrier 1 or carrier 2. An Uplink Tx switching will be triggered when the UL transmission is scheduled or configured from carrier 1 to carrier 2, or vice versa.
	Agreements (RAN1#104b)
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA option 1 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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





Inter-band UL CA option 1 with 3 or 4 carriers 
For uplink Tx switching in inter-band UL CA with 3 or 4 carriers cases, if the UE is configured with option 1 (SwitchedUL), the UL transmission can only be scheduled or configured on one carrier of 3 carriers or 4 carriers. For inter-band UL CA option1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 2 and Table 3, respectively.
[bookmark: _Ref102140349]Table 2: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}



[bookmark: _Ref102140404]Table 3: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 4 carriers
	
	Number of Tx chains (carrier 1 + carrier 2+ carrier 3+ carrier 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3 carrier 4)

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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


  
If the cases showed in the Table 1 and Table 2 are adopted for inter-band UL CA option1, the UE will be not expected to be scheduled or configured with UL transmission simultaneously on any two carriers among 3 or 4 carriers, and the UE can be scheduled or configured with 1-port or 2-port UL transmission on any one carriers among 3 or 4 carriers. An Uplink Tx switching will be triggered when the UL transmission is scheduled or configured from one carrier to another carrier. The Uplink Tx switching scheme specified in Rel-17 can be reused for inter-band UL CA option1 with 3 or 4 carriers.

Proposal 12: For inter-band UL CA option 1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}



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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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



Inter-band UL CA option 2 with 3 or 4 carriers 
For uplink Tx switching in inter-band UL CA with 3 or 4 carriers cases, if the UE is configured with option 2 (DualUL), the UL transmission can be scheduled or configured on any two carriers among 3 or 4 carriers. For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 4 and Table 5, respectively.
[bookmark: _Ref102144079]Table 4: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission (carrier 1+ carrier 2 + carrier 3)

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

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

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

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}


    
[bookmark: _Ref102144086]Table 5: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	 Number of antenna ports for UL transmission (carrier 1 + carrier 2 + carrier 3 + carrier 4)

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

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

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

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

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

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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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



For inter-band UL CA option 2 with 3 carriers, in case 1, the UE can support UL transmission on both carrier 2 and carrier 3 simultaneously, and UE can be scheduled or configured with 1-port UL transmission on carrier 2/3 or 1-port UL transmission on both carrier 2 and carrier 3. The similar rule can be applied to the case 2/3 of inter-band UL CA option 2 with 3 carriers and case 1/2/3/4/5/6 of inter-band UL CA option 2 with 4 carriers. Besides, for inter-band UL CA option 2 with 3 carriers, in case 4, the UE can only support UL transmission on carrier 3, and UE can be scheduled or configured with 1-port or 2-port UL transmission on carrier 3. The similar rule can be applied to the case 5/6 of inter-band UL CA option 2 with 3 carriers and case 7/8/9/10 of inter-band UL CA option 2 with 4 carriers. The trigger of uplink Tx switching can be determined based on the current Tx chain state and transmission port for the next UL transmission.

Proposal 13: For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission (carrier 1+ carrier 2 + carrier 3)

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

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

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

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}


    
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	 Number of antenna ports for UL transmission (carrier 1 + carrier 2 + carrier 3 + carrier 4)

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

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

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

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

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

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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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


2.1.4 Uplink switching for supplementary uplink
1 SUL configured with option 1 
For SUL scenario in Rel-17, option 1 (SwitchedUL) is regarded as default configuration, thus the mapping rule between Tx chains and antenna port for inter-band UL CA option1 can be reused. The UE does not expect to be scheduled or configured with UL transmission on both carrier for supplementary uplink and carrier for normal uplink, but can be scheduled or configured with 1-port or 2-port UL transmission on one of the carriers. For SUL with 3 or 4 carriers scenario, if the UE is configured with option 1 (SwitchedUL), the mapping rule between Tx chains and antenna port for inter-band UL CA option1 with 3 or 4 carriers can be reused as well.

Proposal 14: The mapping rule between Tx chains and antenna port for inter-band UL CA option1 (SwitchedUL) with 3 or 4 carriers can be reused for 1 SUL with 3 or 4 carriers scenario.

1 SUL configured with option 2 
For SUL scenario with 3 carriers or 4 carriers, if the UE is configured with option 2 (DualUL), the UE will be not expected to be scheduled or configured with UL transmission simultaneously on SUL and NUL belonging to the same serving cell, but can be scheduled or configured with UL transmission simultaneously on two carriers other than the above combination. For SUL scenario configured with option 2, when 1 SUL is configured for one carrier of 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be showed as Table 6 and Table 7, respectively.
[bookmark: _Ref102157189]Table 6: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 3 carriers
	
	Number of Tx chains 
((SUL 1 + NUL 1) in Cell 1+ carrier 3 in Cell 2)
	Number of antenna ports for UL transmission 
((SUL 1 + NUL 1) in Cell 1+ carrier 3 in Cell 2)

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

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

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

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}


Note: The case 3 is not supported for SUL operation.

[bookmark: _Ref102157198]Table 7: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 4 carriers
	
	Number of Tx chains
((SUL-1 + NUL-1) in Cell1+ carrier 3 in Cell 2+ carrier 4 in Cell 3)
	Number of antenna ports for UL transmission
((SUL-1 + NUL-1) in Cell1+ carrier 3 in Cell 2+ carrier 4 in Cell 3)

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

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

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

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

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

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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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


   Note: The case 4 is not supported for SUL operation.

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


2 SUL configured with option 2/1 
For 2 SUL scenario configured with option 1/2, there are two pairs of {SUL and corresponding NUL band} configured in 3/4 bands operation. The mapping between UL transmission ports and Tx chains for option 2 can be showed as Table 8.
[bookmark: _Ref102159353]Table 8: Mapping between UL transmission ports and Tx chains for SUL option 2 when 1 SUL is configured in 4 carriers
	
	Number of Tx chains
 ((SUL-1 + NUL-1) in cell 1+ (SUL-2 + NUL-2) in cell 2)
	 Number of antenna ports for UL transmission 
((SUL-1 + NUL-1) in cell 1+ (SUL-2 + NUL-2) in cell 2)

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

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

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

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

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

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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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



For SUL scenario, if the UE is configured with option 2 (DualUL), the UE will be not expected to be scheduled or configured with UL transmission simultaneously on SUL and corresponding NUL band. For this reason,  the configuration of antenna for co-current transmission shall be removed, From RAN1 view, the 2 SUL configuration can be regarded that only sub-set switching cases are supported according to UE capability reporting or gNB configuration.

Proposal 15: From RAN1 perspective, following SUL configurations will not introduce extra switching cases for Rel-18 UL Tx switching. Whether it is supported or not depends on RAN4.
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}.
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL).
2.2 New uplink Tx switching cases identity for3/4 bands configuration 
For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL), several new conditions under which the switching period may be applied should be further studied. Assuming that the UE is configured with 4 bands with restriction of up to 2 Tx simultaneous transmissions, the mapping cases between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers are list in Table 9.
   
[bookmark: _Ref102163151]Table 9: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}


Notes: For readability, each antenna ports configuration is given a label.
When the number of bands is configured with up to 4 for a UE, the following switching scenarios should be discussed
· Scenario 1：two carriers involved in Tx UL switching
· Scenario 2：three carriers involved in Tx UL switching
· Scenario 3：four carriers involved in Tx UL switching

Scenario 1: two carriers involved in Tx UL switching
If the current UL transmission is scheduled or configured with 2-port on one carrier and the next transmission is scheduled or configured with 1-port on one carrier and 1-port on another carrier, the uplink Tx switching is performed. For example, if the current UL transmission is B1 and the next transmission is A3, the witching period will be applied. Since the scenario 1 is same as the uplink Tx switching conditions specified in Rel-16/Rel-17, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

Proposal 16: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and only two carriers are involved in Tx UL switching, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

 Scenario 2：three carriers involved in Tx UL switching
In this scenario, the number of carriers involved in Tx switching procedure is 3, and the uplink Tx switching conditions can be described as follows,
· Switching between “2-port transmission on one carrier” and “1-port transmission on second uplink carrier and 1-port transmission on third uplink carrier”. For example, the switching is applied between B4 and A3 as shown following Table 9.
[bookmark: _Ref102166048]Table 10: Three carriers involved in Tx UL switching in condition 1
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 9
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}




· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on first or second uplink carrier and 1-port transmission on third uplink carrier”. For example, the switching is applied between A3 and A6 as shown following table-10
Table 10 : Three carriers involved in Tx UL switching in condition 3
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 3
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}




Proposal 17: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and three carriers are involved in Tx UL switching; the following two cases shall be applied uplink switching period 
· Switching between “2-port transmission  on first uplink carrier” and “1-port transmission on second uplink carrier  and 1-port transmission on third uplink carrier”
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on first or second uplink carrier and 1-port transmission on third uplink carrier”.

Scenario 3: four carriers involved in Tx UL switching
In this scenario, the number of carriers involved in Tx switching procedure is 4, and the uplink Tx switching conditions can be described as follows,
· between “1-port transmission  on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier and 1-port transmission on fourth uplink carrier”. For example, the switching is applied between A3 and A12 as shown following table-11.
Table 11: Four carriers involved in Tx UL switching
	 
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 4
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}



Proposal 18: For uplink TX switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and four carriers are involved in Tx UL switching; the following one case shall be applied uplink switching period,
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier 1-port transmission on fourth uplink carrier.”
2.3 Reduction on complexity and switching case
When the up to 3/4 bands are configured for UL Tx switching case, the UE/gNB complexity will increase since the cases of Tx chain and corresponding antenna port states are increase compared with Rel-16/17.For example, if 4 bands are configured for UL TX switching, there are total 10 cases of UL Tx switching. If 3 bands are configured for UL TX switching, there are total 6 cases of UL Tx switching. In our view, there are two potential methods can reduce UE/gNB complexity of UL TX switching among 3 or 4 bands.
· Scheme 1: all UL Tx switching cases are supported in R18 specification, and the supported UL TX switching cases of UE are configured by RRC signaling according to the UE capability. 
· In this scheme, R18 specification supports all UL Tx switching cases. For example, when 4 bands are configured with inter-band UL CA option 2, the UE can be scheduled or configured a ‘2-port UL transmission’ on any one band or two ‘1-port UL transmission’ simultaneously on any two bands among 4 band. There are total 10 cases as described in above section. 
· From UE perspective, the capability of supported UL TX switching should be reported. According to the reported UE capability, the gNB can configured UL TX switching cases to UE.
· Scheme 2: A sub-set UL Tx switching cases are supported in R18 specification.
In this scheme, some of UL Tx switching cases will be selected to be supported in R18. Only UL TX switching mechanism for the sub-set of all UL TX switching cases are required to specify. One example of candidates cases as following 
· Only 1 band out of 4 bands support up to 2Tx
· Only switching across 0/1 port is supported across all 4 configured bands
The shortage of scheme 2 is that restriction on switching cases will reduce scheduling flexible, and there is no obvious benefit to reduce specification work load. For example when “only 1 band out of 4 bands support up to 2Tx”, though the switching case can be reduced to 7, but there are still 3 new switching cases that need switching period.
Table 12: Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2+ carrier 3+carriers 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3+carriers 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}



Proposal 19: All UL Tx switching cases are supported in R18 specification, and gNB can configure sub-set of switching cases according to reported UE capability.
2.4 Ambiguity on switching case
In R17, if UE reported capability as dualUL mode in BandCombination-UplinkTxSwitch, the 2Tx-2Tx switching case can be configured by gNB, and issue on ambiguity switching will be occurred if only 1-port transmission is scheduled. The scheme was discussed and following agreements was reached  
	Agreement  (RAN1#106b)
For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.


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

Table 13: Ambiguity on switching case of 4 band configuration
	 
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2+ carrier 3 carrier 4)

	Case 1
	0T+0T+1T+1T
	A1={0P+0P+0P+1P},A2={0P+0P+1P+0P},A3={0P+0P+1P+1P}

	Case 2
	0T+1T+0T+1T
	A1={0P+0P+0P+1P},A4={0P+1P+0P+0P},A5={0P+1P+0P+1P}

	Case 3
	0T+1T+1T+0T
	A2={0P+0P+1P+0P},A4={0P+1P+0P+0P},A6={0P+1P+1P+0P}

	Case 4
	1T+1T+0T+0T
	A4={0P+1P+0P+0P},A8={1P+0P+0P+0P},A12={1P+1P+0P+0P}

	Case 5
	1T+0T+1T+0T
	A2={0P+0P+1P+0P},A8={1P+0P+0P+0P},A10={1P+0P+1P+0P}

	Case 6
	1T+0T+0T+1T
	A1={0P+0P+0P+1P},A8={1P+0P+0P+0P},A9={1P+0P+0P+1P}

	Case 7
	0T+0T+0T+2T
	B1={0P+0P+0P+2P},A1={0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	B2={0P+0P+2P+0P},A2={0P+0P+1P+0P}

	Case 9
	0T+2T+0T+0T
	B4={0P+2P+0P+0P},A4={0P+1P+0P+0P}

	Case 10
	2T+0T+0T+0T
	B8={2P+0P+0P+0P},A8={1P+0P+0P+0P}



As shown in table 13, we assume the current antenna ports for UL transmission is A9 in purple color (1-port transmission on carrier-1 and carrier-4), and the next transmission state is A2 in green color (1-port transmission only on carrier-3). There are four cases that support A2 antenna port configuration, and UE shall determine which UL transmission state shall be switched to. A simple scheme for the ambiguity issue can be based on RRC configuration, similar to that of R17.
If the value of RRC parameter is configured as ‘twoT’, UE can determine unique state to switch. If the value of RRC parameter is configured as ‘oneT’, there are still 3 possible candidate states. And gNB shall give further information to indicate which state to switched, which can be further study.
Proposal 20: For ambiguity switching cases issue, RRC parameter (e.g. uplinkTxSwitching-DualUL-TxState) can be re-used.
· If the parameter is configured as twoT, no further indication is needed.
· If the parameter is configured as oneT, gNB shall give further indication, detail is FFS.
2.4 UL Tx switching restriction within a slot
In R17, the switching period was defined, the arrange of value is {35us, 140 us, 210us}, and detailed value is based on UE capability report. During the switching period, UE cannot transmit anything on the switching band pair. Frequently switching will cause performance decreasing, so gNB is not allowed to schedule more than one uplink switching in a reference  slot, the reference slot is with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to one subcarrier spacing of involved switching, and the µUL, 2 corresponds to the other  subcarrier spacing of involved switching,
In R18, when 3/4 bands are configured for UL Tx switching, the current formula to describe UL Tx switching restriction is not suitable. Generally, following two simple options can be used for 4 bands operation 
· Option 1： µUL = max(µUL, 1, µUL, 2, µUL,3, µUL,4,);
In this option, the formula just extends from 2 SCS(s) to 4 SCS(s), the advantage is that the modification is simple for specification, the disadvantage is that times of switching within a slot will increase comparing to R17, it will increase more interruption time and increase UE complexity. An example is shown as following


Figure 4 UL Tx switching restriction within a slot (option 1)
As shown in figure 3, 3 bands are configured for UL Tx switching operation, both carrier -1 and carrier-2 are 15 kHz SCS, and carrier-3 is 60 kHz SCS. When the switching is performed on band pair-1 {carrier-2， carrier-3}, the reference slot is  µUL = max(µUL, 1, µUL, 2, µUL,3,,) =2，and action of switching can occur one time within 0.25ms, it is reasonable since the carrier-3 is 60 kHz, which is included in current switching band pair-1. When the switching is performed on band pair-2 {carrier-2， carrier-1}, the reference slot is still  µUL = max(µUL, 1, µUL, 2, µUL,3,,) =2，and action of switching can occur one time within 0.25ms, it means that 4 times switching are allowed within 1ms,comparing to Rel-17 rule, it may cause more interruption even the switching only occurs between carrier-1 and carrier-2 for a long time.
· Option 2：µUL =  
In option2, the UE is not expected to perform more than one uplink switching in a reference slot, where the SCS   of the reference slotfor 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carriers on 3 bands are 15kHz, 15kHz and 60kHz respectively, the SCS of reference slot for 3 bands shall be as below:
µUL = .
· Case 2: If the UE is configured with 4 bands for UL Tx switching, and the SCS of the carriers on 4 bands are 15kHz, 15kHz, 60kHz and 60kHz respectively, the reference slot shall be as below:
µUL = .
Taking the UE is configured with 3 bands for UL Tx switching for example, as shown in Figure 3, when the UE is scheduled to perform UL Tx switching between band pari-1{carrier-2, carrier-3} or band pair-2{carrier-1,carrier-2}, the UE is allowed to perform at most one uplink switching in the slot with 15 kHz (1ms). 
In our view, option 2 has two advantages. One advantage is that the formula of Rel-16/Rel-17 can be reused with a little modification. Another advantage is that, compared with Rel-16/Rel-17 for switching between carrier 1 and carrier 2, the switch times within the reference duration doesn’t increase. From the UE perspective, it is preferred to apply option 2 to define the reference slot, which can reduce UE complexity for UL Tx switching among 3 or 4 configured bands.
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[bookmark: _Ref115103204]Figure 5 UL Tx switching restriction within a slot (option 2)

Proposal 21: The UE is not expected to perform more than one uplink switching in a reference slot, where the SCS  of the reference slot for 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is the SCS of reference slot for 3 bands shall be as below:
µUL = 
· Case 2: If the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is , the reference slot shall be as below:
[bookmark: _GoBack]µUL =  
3. Conclusion 
In this document, the UL Tx switching schemes across up 3 or 4 bands are discussed, which includes the discussion on uplink Tx switching scheme and uplink Tx switching cases, and some proposals are given as follows.

Proposal 1：UE is allowed to support only some of concurrent UL cases (band pairs)
· For 3 bands operation, up to one band pair can be supported.
· For 4 bands operation, up to  two band par(s) can be supported, and there is no intersection band between two band pairs(s)
Proposal 2： From perspective of specification, UE is allowed to support 2 ports transmission all of bands out of configured 3/4 bands UL Tx switching.

Proposal 3： UE also can be allowed to support 2 ports transmission only on some of bands of configured 3/4 bands, and the limitations is based UE capability reported.

Proposal 4：For the UE that can pre-stored two bands RF parameter configuration, the following cases that more preparation procedure time are necessary
· Case 1: one new band is involved on the next transmission state, and the new band is not any band included in current UL TX switching band pair. 
· Case 2: two new bands are involved on the next transmission state, and the two new bands are all not same as bands in current UL TX switching band pair. 
Proposal 5：For the UE that can pre-stored three bands RF parameter configuration, the following case that more preparation procedure time is necessary
· Case 3: one new band is involved on the next transmission state, the new band is not any of current UL TX switching band pair whose RF parameter are stored in firs two memory units or not the band whose RF parameter is stored in the third memory unit. 
Proposal 6: when the special switching is occurring, which band(s) RF parameter will be replaced by new band transmission shall be specified.

Proposal 7：The duration of more preparation procedure time can be a reference slot, and the reference slot can be same as SCS of configured for the band transmission. And it may not be RAN4 issue

Proposal 8：The earliest timing of more preparation procedure for loading new band parameter can be as following
· On the start of first symbol of uplink transmission whose band parameter will be replaced by new band transmission.
Proposal 9：It does not include interruption happens during the preparation procedure time. And it should not include switching period.

Proposal 10：The report/indicate the specific switching cases/patterns is necessary, and UE capability reported is based on number of band RF parameter configuration can be pre-loaded, the range of number is {2,3,4}.

Proposal 11：Minimum interval between two succeeding special UL Tx switching can be duration of prepare time. And the special UL Tx switching case refers to the cases that need preparation procedure time.

Proposal 12: For inter-band UL CA option 1 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 1 with 3 carriers
	
	Number of Tx chains
 (carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission 
 (carrier 1 + carrier 2 + carrier 3)

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}



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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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



Proposal 13: For inter-band UL CA option 2 with 3 or 4 carriers, the mapping between UL transmission ports and Tx chains can be supported as follows.
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 3 carriers
	
	Number of Tx chains 
(carrier 1 + carrier 2 + carrier 3)
	Number of antenna ports for UL transmission (carrier 1+ carrier 2 + carrier 3)

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

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

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

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

	Case 5
	0T+2T+0T
	{0P+2P+0P},{0P+1P+0P}

	Case 6
	2T+0T+0T
	{2P+0P+0P},{1P+0P+0P}


    
Mapping between UL transmission ports and Tx chains for inter-band UL CA option 2 with 4 carriers
	
	Number of Tx chains (carrier 1 + carrier 2 + carrier 3 + carrier 4)
	 Number of antenna ports for UL transmission (carrier 1 + carrier 2 + carrier 3 + carrier 4)

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

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

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

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

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

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

	Case 7
	0T+0T+0T+2T
	{0P+0P+0P+2P},{0P+0P+0P+1P}

	Case 8
	0T+0T+2T+0T
	{0P+0P+2P+0P},{0P+0P+1P+0P}

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

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



Proposal 14: The mapping rule between Tx chains and antenna port for inter-band UL CA option1 (SwitchedUL) with 3 or 4 carriers can be reused for 1 SUL with 3 or 4 carriers scenario.

Proposal 15: From RAN1 perspective, following SUL configurations will not introduce extra switching cases for Rel-18 UL Tx switching. Whether it is supported or not depends on RAN4.
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}.
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL).

Proposal 16: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and only two carriers are involved in Tx UL switching, the uplink Tx switching scheme in Rel-16/Rel-17 can be reused.

Proposal 17: For uplink Tx switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and three carriers are involved in Tx UL switching; the following two cases shall be applied uplink switching period 
· Switching between “2-port transmission  on first uplink carrier” and “1-port transmission on second uplink carrier  and 1-port transmission on third uplink carrier”
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier” and “1-port transmission on first or second uplink carrier and 1-port transmission on third uplink carrier”.

Proposal 18: For uplink TX switching across up to 3 or 4 bands, if the UE is configured with option 2 (DualUL) and four carriers are involved in Tx UL switching; the following one case shall be applied uplink switching period,
· Switching between “1-port transmission on first uplink carrier and 1-port transmission on second uplink carrier”  and “1-port transmission on third uplink carrier 1-port transmission on fourth uplink carrier.”

Proposal 19: All UL Tx switching cases are supported in R18 specification, and gNB can configure sub-set of switching cases according to reported UE capability.

Proposal 20: For ambiguity switching cases issue, RRC parameter (e.g. uplinkTxSwitching-DualUL-TxState) can be re-used.
· If the parameter is configured as twoT, no further indication is needed.
· If the parameter is configured as oneT, gNB shall give further indication, detail is FFS.
Proposal 21: The UE is not expected to perform more than one uplink switching in a reference slot, where the SCS  of the reference slot for 3/4 bands is determined by the minimum SCS of the reference slot in Rel-16/Rel-17 for combinations of any two bands among 3 or 4 bands. 
· Case 1: if the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is the SCS of reference slot for 3 bands shall be as below:
µUL = 
· Case 2: If the UE is configured with 3 bands for UL Tx switching, and the SCS of the carrier n is , the reference slot shall be as below:
µUL = .
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