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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to study dynamic Tx carrier switching across up to 3 or 4 bands. The following agreements were achieved in RAN1#109e [2] and RAN#96.
	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.
· [bookmark: OLE_LINK19][bookmark: OLE_LINK18]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
· [bookmark: OLE_LINK25][bookmark: OLE_LINK21]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

Conclusions:
- Clarify in revised WID RP-222251 that the number of TAGs is limited to up to 2 for both 2 bands switching and more than 2 bands switching cases.
- For the work on UL Tx switching with 2 TAGs, RAN1/2 discussion can be triggered by RAN4 LS. No RAN1 spec impact is expected.



This contribution provides further considerations on multi-carrier UL Tx switching operation.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Alt 1 in WA
For Alt.1 in working assumption, 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. It reuse the Rel16/17 switching mechanism, and have full flexibility for scheduling and UL Tx switching. So we support to confirm this part. 
Proposal 1. Confirm the following part in the 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

Alt 1 can support both of Option 1 'switchedUL' and Option 2  'dualUL' of mapping between UL transmission ports and Tx chains. Which one to support still up to UE capability signalling and configuration, as same as Rel-16/17. And UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing. One carrier in one band, or two contiguous carrier in only one band can be considered based the conclusion in RAN#96. 
[bookmark: OLE_LINK2]Therefore, For Rel-18 UL Tx switching among 3 bands, examples of the mapping between UL transmission ports and Tx chain for inter-band UL CA are given. Option 1 is shown in Table 1, Option 2 in Table 3. According to 4 bands, Option 1 is shown in Table 2, Option 2 in Table 4. In the following examples, only one carrier is in one band is assumed. Accordingly, the mapping between UL transmission ports and Tx chain for two contiguous carriers on one band can also be involved. In the following tables, switching configuration. 3-3 is assumed for three bands, only 2 bands (Band2&3) out of 3 bands support up to 2Tx, Band 1 only support 1Tx. Switching configuration. 4-4 is assumed for four bands, only 3 bands (Band2&3&4) out of 4 bands support up to 2Tx, Band 1 only support 1Tx.
Table 1: Option 1 of UL transmission ports and Tx chain for inter-band UL CA, 3 Bands
	Band1-1Tx
Band2/3-2Tx
	Number of Tx chains (carrier 1 + carrier 2+ carrier 3)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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

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


Table 2: Option 1 of UL transmission ports and Tx chain for inter-band UL CA, 4 Bands
	Band1-1Tx
Band2/3/4-2Tx
	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
	1T+0T+0T+0T
	1P+0P+0P+0P

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

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

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



Table 3: Option 2 of UL transmission ports and Tx chain for inter-band UL CA, 3 Bands
	Band1-1Tx
Band2/3-2Tx
	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
	1T+0T+0T
	1P+0P+0P

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

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

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

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

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


Table 4: Option 2 of UL transmission ports and Tx chain for inter-band UL CA, 4 Bands
	Band1-1Tx
Band2/3/4-2Tx
	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
	1T+0T+0T+0T
	1P+0P+0P+0P

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

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

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

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

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

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

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

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

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



Meanwhile, it needs to handle the case that the state of Tx chains after Tx switching is not unique for UL CA option 2 in the Table 3 and Table 4. Same method can be considered as Rel-17 UL Tx switching, a new RRC signalling is introduced for this purpose.
Proposal 2. RRC parameter can be used for resolving the ambiguous states. 
Complexity reduction methods in WA
Regarding to all the complexity reduction methods provided in the working assumption, some of them are good methods to be supported, and some of them need some clarifications from our understanding.
Option 1: Concurrent UL cases
For UE can report the supportive of only some of concurrent UL cases (combinations of 2 bands for concurrent UL transmissions), it is a good solution to reduce complexity. For example, the following table shows an example that UE can support concurrent UL transmissions over Band1 and Band2, but cannot over Band1 and Band3, or Band2 and Band3. Then the two antenna ports combination for UL transmission {1P+0P+1P, 0P+1P+1P} cannot be used for Table 2. Thus, two UL switching states cannot be scheduled by gNB, and UE does not expect such scheduling or configuration. Then, UE can support less switching cases, especially some high implementation complexity switching cases.   Thus, only some of concurrent UL cases is a good choice. 
Table 5: Changed of Option 2 of UL transmission ports and Tx chain for inter-band UL CA, 3 Bands
	Band1-1Tx
Band2/3-2Tx
	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
	1T+0T+0T
	1P+0P+0P

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

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

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

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

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



According to the first sub bullet of at least one band pair should be supported for concurrent transmission, we do not think this restriction is necessary. UE can report the capability of concurrent transmission, including all the bands pair combinations, if not, it means UE only support UL Tx switching among the bands, not support Dual transmission. 
For the second bullet of concurrent transmission, UE can be allowed to support only some of concurrent UL cases for both 3 and 4 bands. Because, comparing with 2 bands, 3 bands have more different band pairs, some band pairs need more challenges for joint transmission, or even impossible to support. Thus, UE can report the capability for those band pairs combination set. 
For the potential capability, band pair combinations can be reported to indicate which band pairs can support concurrent UL Tx. And further RRC singling can select one or more bands pairs for UE to do concurrent Tx, from the set of band pair combinations. 
Proposal 3. RAN1 can support Option 1: UE is allowed to report the supportive only some of concurrent UL cases (band pairs) for both 3 and 4 bands. 
Option 2: Two ports transmission
Option 2 gives some restrictions on the number bands that support 2Tx bands. Table 1 is an example that only 2 bands out of 3 bands support up to 2Tx. Band1 only support 1Tx, and Band2 and Band 3 can support 2Tx. So Option 2 is appropriate for different band combinations. Such as for some bands configurations, only one band can support 2Tx, but for another bands, two bands can be configured as 2Tx. It is a universal method, and easily applied for UL Tx switching configurations. In addition, UE capability can be used together with it, to provide additional information for gNB to decide the number of 2Tx bands and which subset bands can be configured as 2Tx. So it can be supported to reduce the complexity. 
Option 2 can be applied for both 3 and 4 bands cases, based on UE capability report. 
Proposal 4. RAN1 can support Option 2: UE is allowed to report the supportive only 2 ports transmission only on some of bands out of configured bands for both 3 and 4 bands. 
[bookmark: OLE_LINK4]Option 3: more preparation procedure time (or interruption time)
According to option 3, we think the preparation time is more required to be discussed in RAN1, and the interruption time can up to RAN4’s scope. Due to the new switching cases, such as UE needs to flush the memory and reload the new band information according to the DCI scheduling, more preparation time should be introduced. Since the current preparation time of PUSCH does not considering this additional memory operations. Different UE may have different handling, so it would be better to have separate UE capability to report the addition preparation time for PUSCH. 
For specific switching cases that require more preparation procedure time, we can make some rule list for those switching cases, instead of give all the switching cases directly. The potential switching cases that include more than 2 bands involved in one switching. 
Proposal 5. RAN1 can support Option 3: UE is allowed with more preparation procedure time for some specific switching cases for both 3 and 4 bands. 
Proposal 6. Switching cases that require more preparation procedure time can include more than 2 bands involved in one switching.
Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Confirm the following part in the 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
a) 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
Proposal 2. RRC parameter can be used for resolving the ambiguous states. 
Proposal 3. RAN1 can support Option 1: UE is allowed to report the supportive only some of concurrent UL cases (band pairs) for both 3 and 4 bands. 
Proposal 4. RAN1 can support Option 2: UE is allowed to report the supportive only 2 ports transmission only on some of bands out of configured bands for both 3 and 4 bands. 
Proposal 5. RAN1 can support Option 3: UE is allowed with more preparation procedure time for some specific switching cases for both 3 and 4 bands. 
Proposal 6. Switching cases that require more preparation procedure time can include more than 2 bands involved in one switching.
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