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UL Tx switching was agreed in a revised WID of “RF requirements for NR frequency range 1” in RAN #85 meeting with the following objective [1]:
· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



RAN1 made the following agreement in RAN1 #100 meeting, which mainly allow UE to support either Option 1 or Option 2 in the aspect of “number of antenna ports for UL transmission on carrier 1 and carrier 2 before and after UL Tx switching”.
	Agreements:
For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
        Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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



        Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
o    UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
o    UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

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

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





 
2   Discussion
RAN2 has been discussing the signalling part to capture the agreements made in RAN1 and RAN4 with email discussions [3] [4]. During the discussion, we found out several issues with regards to how UE and NW side properly inter-operate with each other. The discussion in this contribution may not directly impact the CR but mainly aims to achieve a common understanding among companies.
Issue 1: How does UE compose UE capability with UL switching 
From the email discussions [3] [4], one agreement is UE will indicate a new set of UE capability (FFS either via a new band combination list, or via extension to legacy band combination list) for UL Tx switching. The common understanding is UE indicates the legacy UE capability without UL Tx switching inside the legacy container, and indicates the new UE capability with UL Tx switching in the new container. 
Here we would like to discuss how the UE composes its UE capability with UL Tx switching. In details, whether UE only reports the capability for case 2 (Alt 1-1)? Or UE also reports its capability for case 1 if the UE capability for case 1 is different from the legacy UE capability without UL switching (Alt1-2)? Or UE reports a mixed UE capability which exceeds its totally Tx number, e.g., 1Tx+2Tx and relies on NW side to figure out 1Tx+2Tx can only be used in a TDM manner? 
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Proposal 1: RAN2 to discuss how the UE composes the new set of UE capability with UL switching.
Alt 1-1: UE only reports UE capability set for case 2 (assumption is case 1 UE capability is the same as the legacy UE capability without UL Tx switching)
Alt1-2: UE reports UE capability set for both case 1 and case 2 (assumption is case 1 UE capability with UL Tx switching is different from legacy UE capability without UL Tx switching)
Alt1-3: UE reports a mixed UE capability which exceeds its total Tx number, e.g., 1Tx on carrier 1 and 2 Tx on carrier 2 and relies on NW side to figure out 1Tx+2Tx can only be used in a TDM manner.

Issue 2: DL configuration from NW
With regards to DL configuration, after receiving the configuration from RRCReconfiguration message, UE performs the UL Tx switching upon reception of DCI which indicates switching between case 1 and case 2. In order to do that, the RRCReconfiguration message needs to provide UE with sufficient configurations, to allow UE properly work with both case 1 and case 2. 
One logical deduction is NW will configure UE with 1Tx on carrier 1 and 2Tx on carrier 2. If this is the case, careful consideration is required as some parameters for 2Tx is not compliant to 1Tx. One typical example is SRS resource where for 1T4R SRS antenna switch, four SRS symbols are required, while for 2T4R SRS antenna switch, only two symbols are required. Whether other parameters have similar issues also require further check.
Proposal 2: RAN2 to discuss how to make sure NW configuration is applicable for both case 1 and case 2, especially on carrier 2.

Issue 3: Fallback band combination
Two aspects are discussed on this matter. One is for the band combination with UL Tx switching, whether the lower order of the band combination be considered as fallback band combination. Say A+B+C where B (carrier 1) and C (carrier 2) is the UL band pair, it looks like the A+C (with 2Tx) is not a correct fallback BC since the 2Tx on Band C can only be achieved from UL Tx switching from band B. For the sake of simplicity, we propose to not consider the lower order band combination from the parent band combination with UL Tx switching as fallback band combination.
Proposal 3: Do not consider the lower order band combination from the parent band combination with UL Tx switching as fallback band combination.
In addition, for a higher order band combination without UL switching, UE should be allowed to report a lower order BC with UL switching. This is naturally logical as we can consider the UE capability in per band feature set gets higher thanks to UL switching.
Proposal 4: Confirm that for a parent band combination without UL Tx switching, UE is allowed to report a lower order band combination with UL switching.
3	Conclusions
Based on the discussion above, we have the following proposals.
Proposal 1: RAN2 to discuss how the UE composes the new set of UE capability with UL switching.
Alt 1-1: UE only reports UE capability set for case 2 (assumption is case 1 UE capability is the same as the legacy UE capability without UL Tx switching)
Alt1-2: UE reports UE capability set for both case 1 and case 2 (assumption is case 1 UE capability with UL Tx switching is different from legacy UE capability without UL Tx switching)
Alt1-3: UE reports a mixed UE capability which exceeds its total Tx number, e.g., 1Tx on carrier 1 and 2 Tx on carrier 2 and relies on NW side to figure out 1Tx+2Tx can only be used in a TDM manner.
Proposal 2: RAN2 to discuss how to make sure NW configuration is applicable for both case 1 and case 2, especially on carrier 2.
Proposal 3: Do not consider the lower order band combination from the parent band combination with UL Tx switching as fallback band combination.
Proposal 4: Confirm that for a parent band combination without UL Tx switching, UE is allowed to report a lower order band combination with UL switching.
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