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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.
	Agreement in RAN1#109e
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
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]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
RAN1 Observation in RAN1#109e
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

RAN1 Observation in RAN1#109e
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. 

Conclusion in RAN#96: proposal is agreed (without changes)
RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall work on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 timeframe
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Other scenarios as below can be discussed in RAN4#104e and RAN#97e
· {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)
Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching



This contribution provides further considerations on multi-carrier UL operation.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Mechanisms for dynamic Tx carrier switching
According to the mechanisms for dynamic Tx carrier switching, three alternatives were agreed. Among the Alt1/2/3, we support Alt 1 with some complexity reductions e.g. reported by UE capabilities. 
· First, it can totally reuse the UL Tx switching mechanisms from Rel-17, based on the UL scheduling, via UL grant and RRC configuration for UL transmission. Considering the short TU allocated to this WI, we hope it can reuse the current mechanism as much as possible to decrease the specification impact. 
· Second, the UL Tx switching mechanism from Rel-17 can provide the largest scheduling flexibility. Alt2 suggested 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. However, if the NW indicates 2 bands by DCI, this DCI is a new type of DCI, may be based on non-scheduled DCI formats. If the MAC-CE is applied, new MAC-CE requires large efforts, which may not realistic due to limit TU. Furthermore, this new switching DCI/MAC-CE still have to face the same problems that which set of bands can be switched form/into, including the numerous switching cases etc. 
· Third, if additional UE capabilities are allowed to report, Alt 1 with complexity reduction methods can largely reduce the UE implementation complexity. Large portion of switching cases can be down scaled. The next section gives more discussion towards the benefit of these complexity reduction methods.
Proposal 1. Support Alt.1 with complexity reduction methods: 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

For 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, it 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.
Observation 1. When Alt 1 applies for Rel-18 UL Tx switching among 3 bands or 4 bands, including:
· Support Option 1 and Option 2 of mapping between UL transmission ports and Tx chains.
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing.
Proposal 2. RRC parameter can be used for resolving the ambiguous states. 
Complexity reduction methods
Regarding to all the complexity reduction methods provided in the observation, some of them are good methods to be supported, and some of them need some clarifications from our understanding.
For UE can report the supports 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. 
[bookmark: _GoBack]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



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For 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, it needs some clarifications to have a common understanding towards two ports switching. In our understanding, 0 port switching is no UL Tx switching, the previous state is as same as the current state or they are within the same Tx chains case. 1 port and 2 ports switching require UL Tx switching. For example, from 0P+0P+1P in case 3 to 0P+1P+0P in case 1 is 1 port switching. Since there is up to 1 port transmission in the previous state and the current state. Similarly, when there are up to 2 ports switching among the switching states, they are 2 ports switching, such as from 0P+0P+2P in case 5 to 0P+1P+0P in case 4. Based on those understanding,   2 ports switching requires more Tx chains operation at one time, i.e. when switching from 0P+0P+2P in case 5 to 0P+1P+0P in case 4, UE needs to switch the two Tx chain from one case to another switching cast at the same time. Clearly, some bands combinations can be support, while some bands cannot be easy to support this comparatively complex operation. Therefore, we support this method.
For only switching across 0/1 port is supported across all configured bands when 3 or 4 bands are configured, it can be supported. For example, when uplink Tx switching acorss 3 bands, it can be scheduled to switch from 1P+1P+0P  in case 1 to 0P+0P+1P in case 2 or case 3 or case 5, all three bands are involved, then up to 1 port can be applied. But 1P+1P+0P in case 1 to 0P+0P+2P in case 5 cannot be scheduled, because there are 2 ports switching under this condition. 
For prioritization rules between uplink carriers, we are open to take it into account. But it should be limited into some specific switching cases, and give the specific prioritization rule accordingly, to guarantee the same understanding of Tx chain states between gNB and UE. It should be used based on UE capability report, only if UE report support one switching case with prioritization rule. Thus, the prioritization rules should be careful studied before adopt this solution.
Furthermore, UE capability can be used together with the above complexity reduction methods, to provide additional information for gNB to further configure or scheduling UL transmission, to fully utilize the potential UE ability.
Proposal 3. At least the following can be studied further for Rel-18 UL Tx switching together with Alt1.
· 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
Proposal 4. UE capability can be used together with the above complexity reduction methods.
Switching configurations
For switching configurations, it 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 the switching configurations are 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 the switching configurations, to provide additional information for gNB to decide the number of 2Tx bands and which subset bands can be configured as 2Tx. 
Proposal 5. It is proposed to support the switching configurations in the observation from RAN1#109e.
Proposal 6.  UE capability can be used together with the switching configurations, to provide additional information for gNB to decide the number of 2Tx bands and which subset bands can be configured as 2Tx.
SUL operation
According to the conclusion in RAN#96, Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) can be discussed in this RAN1 meeting. Based on the switching cases listed in Table 1 and Table 2, it can be support SUL and NUL switching by the current specification. It can also support to switch from another NUL band to a SUL band, or a NUL band. Therefore, Inter-band UL CA Option 1 for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) is same as Option 1 for 3 or 4 NUL band(s).
Conclusion
In this contribution, we made the following observations and proposals.
Observation 1. When Alt 1 applies for Rel-18 UL Tx switching among 3 bands or 4 bands, including:
· Support Option 1 and Option 2 of mapping between UL transmission ports and Tx chains.
· UE is not expected to transmit during the uplink switching gap when there is a state of Tx chain changing.
Proposal 1. Support Alt.1 with complexity reduction methods: 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
Proposal 2. RRC parameter can be used for resolving the ambiguous states. 
Proposal 3. At least the following can be studied further for Rel-18 UL Tx switching together with Alt1.
· 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
Proposal 4. UE capability can be used together with the above complexity reduction methods.
Proposal 5. It is proposed to support the switching configurations in the observation from RAN1#109e.
Proposal 6.  UE capability can be used together with the switching configurations, to provide additional information for gNB to decide the number of 2Tx bands and which subset bands can be configured as 2Tx.
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