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1. Introduction
In this document, we provide our views on mechanisms for dynamic Tx carrier switching across configured bands.
2. Discussion
	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


The working assumption is based on the discussion that UE may have limited the memory size to store Tx switching required parameters. From our perspective, these options are not mutual exclusive to each other, which can be adopted together to complete the design.
In one example, if a band combination includes bands A, B, C, D and a UE has a 1st and 2nd Tx, where the 1st Tx can switch between band A, B, and the 2nd Tx can switch between bands B, C, D. In this case, the UE can report band pairs A-B, B-C, B-D by using Rel. 16 capability (e.g. ULTxSwitchingBandPair-r16). As for band pair A-C, A-D and C-D, we may introduce a new capability addressing 1T-1T cases (e.g. ULTxSwitchingBandPair-r18), then band pairs A-C, A-D can be reported as dual UL (e.g. dualUL in uplinkTxSwitching-OptionSupport-r18), and band pair C-D can be reported as switched UL (e.g. switchedUL in uplinkTxSwitching-OptionSupport-r18)
Observation 1: Option 1 can be satisfied by introducing a new UL Tx switching band pair capability for 1T-1T case (e.g. ULTxSwitchingBandPair-r18 and uplinkTxSwitching-OptionSupport-r18). 
In another example, if a band combination includes bands A, B, C, D and a UE has a 1st and 2nd Tx, where the 1st Tx can switch between band A, B, C, and the 2nd Tx can switch between bands B, C, D. In this case, band pairs A-B, A-C, B-D, and C-D can apply Rel. 16 UL switching (e.g. ULTxSwitchingBandPair-r16), band pairs B-C can apply Rel. 17 UL switching (e.g. ULTxSwitchingBandPair-v1700), and band pair A-D can apply 1T-1T based band pair capability (e.g. ULTxSwitchingBandPair-r18 or ULTxSwitchingBandPair1T-1T-r18) with switching option set as dual UL (e.g. dualUL in uplinkTxSwitching-OptionSupport-r18).
If the UE is in the Tx state 1T-1T-0T-0T, and is scheduled to transmit PUSCHs in 0P-1P-1P-0P. The UE can apply the capability of band pair A-C to switch the 1st Tx to the band C, or apply the capability of band pair A-B to switch the 1st Tx to the band B and apply the capability of band pair B-C to switch the 2nd Tx to the band C. 
Observation 1: Option 2 can be satisfied by using Rel. 16, Rel. 17 band pair capability and with a new UL Tx switching band pair capability for 1T-1T case (e.g. ULTxSwitchingBandPair-r18 and uplinkTxSwitching-OptionSupport-r18).
Considering the memory limited UE for UL switching. In the same example above that the 1st Tx can switch between band A, B, C. If there is no direct switching path of the 1st Tx to switch between band A and C, to switch from band A to C, the 1st Tx has to switch to the band B first, then switches from band B to band C, which takes longer switching period. In this case, the UE should be able to report a larger switching period to band pair A-C (e.g. uplinkTxSwitchingPeriod-r16 or uplinkTxSwitchingPeriod2T2T-r17). However, in case that the band pair A-C is a 1T-1T band pair, switching period for 1T-1T should be introduced (e.g. uplinkTxSwitchingPeriod1T1T-r18).
Observation 2: Option 3 can be satisfied by using Rel. 16, Rel. 17 band pair switching period indication and with a new UL Tx switching band pair switching period indication for 1T-1T case (e.g. uplinkTxSwitchingPeriod1T1T-r18).
From UE implementation perspective, band pair indication and UE complexity reduction can be solved by adopting Option 1, 2, and 3. As for Option 4, it not clear to us. In one example, it may mean that a UE can report a number of band pairs in a band combination, which is larger than the UE can support. Then the UE should indicate a number of supported band pairs to the base station, where the base station can configure band pairs to the UE accordingly. If it is the case, it can be an optional feature on top of Option 1, 2 and 3. However, in our opinion, adopting Option 1, 2, and 3 directly is clear to us.  
Observation 3: Option 4 can be an optional feature on top of Options 1, 2, and 3. 
Proposal 1: UE should support Option 1, 2 and 3 by introducing new band pair UE capability for 1T-1T (e.g. ULTxSwitchingBandPair1T-1T-r18), 1T-2T (e.g. ULTxSwitchingBandPair1T-2T-r18), and 2T-2T (e.g. ULTxSwitchingBandPair2T-2T-r18) Tx states, each band pair parameter includes
· a uplink Tx switching option indication (e.g. uplinkTxSwitching-OptionSupport-r18), and 
· a Tx switching period (e.g. uplinkTxSwitchingPeriod1T1T-r18)

In Rel. 17, RRC parameter uplinkTxSwitching-DualUL-TxState-r17 was introduced to resolve the ambiguity cases between antenna states and antenna port combinations, for example, in Table 1, the antenna port combination C1 may apply to antenna states case 1, case 4, and case 6. Likewise, in Table 2, the antenna port combination C1 may apply to case 1, case 2, case 8, and case 9. Because the Rel. 17 RRC parameter uplinkTxSwitching-DualUL-TxState-r17 can only resolve ambiguity between 2 cases, new method or indication should be introduced if 3 and 4 bands UL Tx switching is supported.
Table 1. Antenna states and antenna port combinations for UL Tx switching in 3 bands
	
	Antenna states
	Antenna port combination

	Case 1
	2T+0T+0T
	A1(2P+0P+0P), C1(1P+0P+0P)

	Case 2
	0T+2T+0T
	A2(0P+2P+0P), C2(0P+1P+0P)

	Case 3
	0T+0T+2T
	A3(0P+0P+2P), C3(0P+0P+1P)

	Case 4
	1T+1T+0T
	B1(1P+1P+0P), C1, C2

	Case 5
	0T+1T+1T
	B2(0P+1P+1P), C2, C3

	Case 6
	1T+0T+1T
	B3(1P+0P+1P), C1, C3



Table 2. Antenna states and antenna port combinations for UL Tx switching in 4 bands
	
	Antenna states
	Antenna port combination

	Case 1
	2T+0T+0T+0T
	A1(2P+0P+0P+0P), C1(1P+0P+0P+0P)

	Case 2
	0T+2T+0T+0T
	A2(0P+2P+0P+0P), C2(0P+1P+0P+0P)

	Case 3
	0T+0T+2T+0T
	A3(0P+0P+2P+0P), C3(0P+0P+1P+0P)

	Case 4
	0T+0T+0T+2T
	A4(0P+0P+0P+2P), C4(0P+0P+0P+1P)

	Case 5
	1T+1T+0T+0T
	B1(1P+1P+0P+0P), C1, C2

	Case 6
	0T+1T+1T+0T
	B2(0P+1P+1P+0P), C2, C3

	Case 7
	0T+0T+1T+1T
	B3(0P+0P+1P+1P), C3, C4

	Case 8
	1T+0T+1T+0T
	B4(1P+0P+1P+0P), C1, C3

	Case 9
	1T+0T+0T+1T
	B5(1P+0P+0P+1P), C1, C4

	Case 10
	0T+1T+0T+1T
	B6(0P+1P+0P+1P), C2, C4



Proposal 2: When UE is to switch to a Tx operation state that is not unique, the UE configures the non-scheduled Tx according to a RRC configuration, where the configuration can indicate a single carrier to all antenna port assignments (e.g. 1P-0P-0P, 0P-1P-0P, and 0P-0P-1P) that cause non-unique cases or indicate one carrier to each of the antenna port assignments (e.g. 1P-0P-0P, 0P-1P-0P, and 0P-0P-1P) that cause non-unique cases.


Another issue is the switching period location indication. In the current spec, the location is configured (e.g. uplinkTxSwitchingPeriodLocation-r16) to each serving cell, each with an opposite value. However, with more than 2 bands to indicate, ambiguity case will happen. One way to solve this issue is to configure the indication per cell group (e.g. under CellGroupConfig). In one example, the configuration can indicate using current or scheduled cell for this switching period. In another example, the indication can be configured per band pairs. However, if the UE determines the switching period of a 1st Tx is in the current cell and the switching period of a 2nd Tx is in the target cell, the UE use the earliest time slot (i.e. current cell) to conduct Tx switching.
Proposal 3: The switching period location is indicated to the cell group with one of the following options
· Option-1: The configuration indicates the switching period location by using a time slot in either the current or scheduled carriers/bands. 
· [bookmark: _GoBack]Option-2: The configuration indicates the switching period location per band pair, if the UE determines a switching period of a 1st Tx in the current cell and another switching period of a 2nd Tx in the scheduled cell, the UE use the earliest time slot (i.e. current cell) to conduct the Tx switching.
3. Conclusion
Observation 1: Option 2 can be satisfied by using Rel. 16, Rel. 17 band pair capability and with a new UL Tx switching band pair capability for 1T-1T case (e.g. ULTxSwitchingBandPair-r18 and uplinkTxSwitching-OptionSupport-r18).
Observation 2: Option 3 can be satisfied by using Rel. 16, Rel. 17 band pair switching period indication and with a new UL Tx switching band pair switching period indication for 1T-1T case (e.g. uplinkTxSwitchingPeriod1T1T-r18).
Observation 3: Option 4 can be an optional feature on top of Options 1, 2, and 3. 
Proposal 1: UE should support Option 1, 2 and 3 by introducing new band pair UE capability for 1T-1T (e.g. ULTxSwitchingBandPair1T-1T-r18), 1T-2T (e.g. ULTxSwitchingBandPair1T-2T-r18), and 2T-2T ((e.g. ULTxSwitchingBandPair2T-2T-r18) Tx states, each band pair parameter includes
· a uplink Tx switching option indication (e.g. uplinkTxSwitching-OptionSupport-r18), and 
· a Tx switching period (uplinkTxSwitchingPeriod1T1T-r18)
Proposal 2: When UE is to switch to a Tx operation state that is not unique, the UE configures the non-scheduled Tx according to a RRC configuration, where the configuration can indicate a single carrier to all antenna port assignments (e.g. 1P-0P-0P, 0P-1P-0P, and 0P-0P-1P) that cause non-unique cases or indicate one carrier to each of the antenna port assignments (e.g. 1P-0P-0P, 0P-1P-0P, and 0P-0P-1P) that cause non-unique cases.
Proposal 3: The switching period location is indicated to the cell group with one of the following options
· Option-1: The configuration indicates the switching period location by using a time slot in either the current or scheduled carriers/bands. 
· Option-2: The configuration indicates the switching period location per band pair, if the UE determines a switching period of a 1st Tx in the current cell and another switching period of a 2nd Tx in the scheduled cell, the UE use the earliest time slot (i.e. current cell) to conduct the Tx switching.
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