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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
	RAN1 109e
Agreement
· Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via UL grant and/or RRC configuration for UL transmission
· Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded



In the last meeting, the group has agreed to down-select Tx switching mechanisms from alternatives in the agreement above. In Rel. 16 UL Tx switching, the UE can only switch between two antenna states 1T-1T and 0T-2T. In Rel. 17, a third antenna state 2T-0T was supported, thereby 2T to 2T switching is available, and UL Tx switching for all 2-bands antenna states are supported now.
Alt-1 is similar to the UL Tx switching in Rel. 17, which all antenna states are supported, except that the number of bands increases from 2 to 3 or/and 4. As we increase the number of bands, the number of antenna states and the complexity increase accordingly. As depicted in Table 1 and Table 2, there will be 6 and 10 antenna state cases in 3 and 4 bands scenarios. However, not all the cases are applicable in practical, which still depends on UE implementation. For example, a UE may not be able to support 2T in all carriers, e.g., carrier 2, then case 1 (0T+2T+0T) in Table 1 is not applicable. In another example, a UE may not support simultaneous transmissions in carrier 1 and carrier 2, thereby case 4 (1T+1T+0T) in Table 1 is not applicable.    
Observation 1: Increasing the number of bands for UL Tx switching will increase the number of antenna states, but the number of supported antenna state cases and the complexity are determined according to UE implementation. 

[bookmark: _GoBack]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


Alt-2 is proposed to reuse Rel. 17 mechanisms as much as possible. When the base station indicates (e.g., by DCI or MAC CE) 2 bands out of 3 or 4 configured bands for UL Tx switching, the UE can follow procedures in Rel. 17 to perform antenna states transition in only 3 antenna states, 1T+1T, 0T+2T, and 2T+0T. In this case, this method can respectively reduce 80% and 93% of antenna state transitions in 3 and 4 bands scenarios (comparing to Alt-1). However, the cost is that new control signalling (e.g., by DCI or MAC CE) has to be specified. Whether the gain from applying UL Tx switching can compensate the increased control overheads or not should be further clarified. 
Regarding Alt-3, the method limits some antenna state transitions paths by indicating an anchor band, and Tx chains can only switch to or from the indicated anchor band, which can respectively reduce 33% and 69% antenna state transitions in 3 and 4 band scenarios (comparing to Alt-1). One issue should be addressed is that if a UE does not support 2T transmission in any band, should the base station indicate 1 or 2 anchor bands to the UE?  
From our perspective, although antenna state transitions can be reduced tremendously by applying additional switching rules (e.g., Alt-2 and Alt-3) to the UE, the Tx chains still have to be capable of switching among these antennas. In this regard, we don’t see much complexity reduction by applying additional switching rules to UL Tx switching in 3 and 4 bands. On the other hand, the current RAN1 spec can apply to Alt-1 directly, except for the antenna states to antenna port ambiguity case resolution, thus the spec impact is limited.
Observation 2: Alt-2 can respectively reduce 80% and 93% of antenna state transitions in 3 and 4 bands scenarios (comparing to Alt-1). Whether or not the gain acquired by applying UL Tx switching in 3 and 4 bands can compensate the introduced overhead (e.g., DCI and MAC CE) should be further clarified.
Observation 3: Alt-3 can respectively reduce 33% and 69% antenna state transitions in 3 and 4 bands scenarios (comparing to Alt-1). The issue that if 2T transmission is not supported by the UE should be addressed. For example, whether the base station should indicate 1 or 2 anchor bands to the UE?
Observation 4: Although applying additional switching rules to the UE can reduce the number of antenna state transitions, the Tx chains still have to be capable of switching among these antennas. Thus, the complexity reduced by introducing Alt-2 and Alt-3 is unclear to us.
Proposal 1: Support 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. The complexity reduction is left to UE implementation and UE capability reporting.
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.
Proposal 2: Study the Tx chains state indication for the case that the state of Tx chains after the UL Tx switching is not unique, if 3 and/or 4 bands UL Tx switching is supported.
3. Conclusion
Observation 1: Increasing the number of bands for UL Tx switching will increase the number of antenna states, but the number of supported antenna state cases and the complexity are determined according to UE implementation. 
Observation 2: Alt-2 can respectively reduce 80% and 93% of antenna state transitions in 3 and 4 bands scenarios (comparing to Alt-1). Whether or not the gain acquired by applying UL Tx switching in 3 and 4 bands can compensate the introduced overhead (e.g., DCI and MAC CE) should be further clarified.
Observation 3: Alt-3 can respectively reduce 33% and 69% antenna state transitions in 3 and 4 bands scenarios (comparing to Alt-1). The issue that if 2T transmission is not supported by the UE should be addressed. For example, whether the base station should indicate 1 or 2 anchor bands to the UE?
Observation 4: Although applying additional switching rules to the UE can reduce the number of antenna state transitions, the Tx chains still have to be capable of switching among these antennas. Thus, the complexity reduced by introducing Alt-2 and Alt-3 is unclear to us.
Proposal 1: Support 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. The complexity reduction is left to UE implementation and UE capability reporting.
Proposal 2: Study the Tx chains state indication for the case that the state of Tx chains after the UL Tx switching is not unique, if 3 and/or 4 bands UL Tx switching is supported.
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