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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
RAN4 receives one LS [1] from RAN1 on UL Tx switching across 3 or 4 bands in Rel-18. RAN1 have identified three possible mechanisms for dynamic switching and strive for down-selection based on RAN4’s feedback. This contribution will provide our views on switching time and UE complexity for each alternative.
2. Discussion
RAN1 discussed the following three possible mechanisms based on the LS [1]:
	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 Rel-16 and Rel-17, three types of switching period, i.e. 35us, 140us and 210us, are specified based on different UE capabilities. The difference of switching period is mainly arising from different UE RF architectures, e.g. separate LO or shared LO. For Rel-18, the number of band is increased from 2 band in Rel-16/17 to 3 or 4 bands. However, the maximum number of uplink transmission is the same as Rel-16/17, i.e. 2. 
3. ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
4.     bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
5.     bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
6.     uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
7.     uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
8. }
9. 
10. ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
11.     uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
12. }

The possible RF chain to antenna port mapping for 3-band scenario corresponding to option 1 (SwitchedUL) and option 2 (DualUL) are listed in Table 1 and Table 2. 
[bookmark: _Ref100773885]Table 1: UL Tx switching for Option 1 (SwitchedUL) in 3-band scenario
	
	Number of Tx
Carrier 1+Carrier 2+Carrier 3
	Number of antenna port 
Carrier 1+Carrier 2+Carrier 3

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

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

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



[bookmark: _Ref100773904]Table 2: UL Tx switching for Option 2 (DualUL) in 3-band scenario
	
	Number of Tx
Carrier 1+Carrier 2+Carrier 3
	Number of antenna port 
Carrier 1+Carrier 2+Carrier 3

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

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

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

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

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

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



For example, some RF architectures are listed for 3-band scenario in the figures below.


Figure 1: B/C shared and A separated


Figure 2: A/B/C separated PLL 


Figure 3: B/C shared and A separated

For above three alternatives, it is expected UE complexity is not increased by increasing band number to 3 or 4 because up to 2 Tx simultaneous transmissions are still restricted for 2 RF chain architecture. The number of PLL and switch may be increased based on UE capability.
For Alt.1 and Alt.2, no impact is observed on the switching period. The switching period, i.e. 35us, 140us, 210us specified in Rel-16 and Rel-17 can be reused for Rel-18. Taking the RF architecture in Figure 1 as an example, one PLL is shared by band B and band C. For example, if the carrier combination of switch-from and switch-to are A-B and A-C, the switching period should be 140us by considering additional PLL retuning time. If the carrier combination of switch-from and switch-to are A-A and A-C, the switching period should be 35us by only considering the switch or PA reconfiguration time. No impact is observed from the perspective of switching period for Rel-18. 
For Alt.3, 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. Some switching cases without anchor band would be restricted but no impact is observed on the switching period for Rel-18.
Observation 1: For Alt.1/2/3, it is expected UE complexity is not increased by increasing band number to 3 or 4 because up to 2 Tx simultaneous transmissions are still restricted for 2 RF chain architecture. The number of PLL and switch may be increased based on UE capability.
Observation 2: For Alt.1/2/3, no impact is observed on the switching period. The switching period, i.e. 35us, 140us, 210us specified in Rel-16 and Rel-17 can be reused for Rel-18.
3. Conclusion
This contribution mainly gives our views on UL Tx switching across 3 or 4 bands. The following observations are provided: 
Observation 1: For Alt.1/2/3, it is expected UE complexity is not increased by increasing band number to 3 or 4 because up to 2 Tx simultaneous transmissions are still restricted for 2 RF chain architecture. The number of PLL and switch may be increased based on UE capability.
Observation 2: For Alt.1/2/3, no impact is observed on the switching period. The switching period, i.e. 35us, 140us, 210us specified in Rel-16 and Rel-17 can be reused for Rel-18.
4. Reference
[1] R1-2205502 LS on UL Tx switching across 3 or 4 bands in Rel-18, RAN1#109-e
5. Annex

Title:	Reply LS on UL Tx switching across 3 or 4 bands in Rel-18
Response to:	
Release:	Rel-18
Work Items:	NR_MC_enh-Core

Source:	RAN WG4
To:	RAN WG1
CC:	

Contact Person:	
Name:	Yuan Gao
E-mail Address:	gaoyuan23@xiaomi.com


1. Overall Description:
RAN4 thanks RAN1 for the LS on UL Tx switching across 3 or 4 bands and would like to provide the following agreements on switching time and UE complexity based on such three mechanism:
· It is expected UE complexity is not increased by increasing band number to 3 or 4 because up to 2 Tx simultaneous transmissions are still restricted for 2 RF chain architecture. The number of PLL and switch may be increased based on UE capability.
· No impact is observed on the switching period. The switching period, i.e. 35us, 140us, 210us specified in Rel-16 and Rel-17 can be reused for Rel-18.
2. Actions:
To RAN1: 
ACTION: RAN4 respectfully asks RAN1 to take the above information into account.

3. Date of Next RAN WG4 Meetings:
[bookmark: _GoBack]TSG-RAN WG4 Meeting #104-bis-e	    10th October – 19th October 2022		    Online
TSG-RAN WG4 Meeting #105			14th November – 18th November 2022		Canada, CA
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