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1	Introduction 
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





 
In RAN2#110-e meeting [5], RAN2 made following agreements on how UE composes its capability for UL Tx switching. During online discussion, some comments were raised on the agreement 1 and 2 below. Specifically, on bullet 1, people were wondering whether the 1Tx UE capability on carrier 2 before UL switching could be correctly derived from 2Tx after UL switching. Note that RAN2 has discussed whether NW side should cross check legacy UE capability container to find out 1Tx UE capability for carrier 2 and NW vendors feel that is not preferred. With regards to bullet 2, the agreement was not captured into spec eventually due to some comments after online session.
In the new BC list, the 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. 
Do not consider the lower order band combination from the parent band combination with UL Tx switching as fallback band combination.
2   Discussion
Issue 1: UE Capability Derivation from 2Tx to 1Tx for Carrier 2 in Option 2
The first issue is what capability(ies) are to be affected when Carrier 2 changes from 2Tx to 1Tx. Note that in Option 1, when UE is switched back to 1Tx on carrier 2, only 0P is possible where UE actually does not perform any transmission on carrier 2. That is to say, this issue only applies to Option 2 where UE should be able to perform 1P on carrier 2 upon switching back to 1Tx. 
From our analysis, the following UE capabilities related to MIMO or antenna ports are impacted by Tx number. For 1Tx UE, the UE capability is quite certain without any confusion. 
	UE Features
	2Tx
	1Tx

	FG2-13: pusch-TransCoherence
	nonCoherent, fullCoherent
	N/A

	FG2-14: maxNumberMIMO-LayersCB-PUSCH
	oneLayer, twoLayers
	oneLayer

	FG2-15: maxNumberMIMO-LayersNonCB-PUSCH
	oneLayer, twoLayers
	oneLayer

	FG2-53: maxNumberSRS-Ports-PerResource
	n1, n2
	n1

	FG2-55: supportedSRS-TxPortSwitch
	1TxR, 2TxR
	1TxR


On the other hand, besides the capabilities above, it is unclear whether the other capabilities would make a difference when carrier 2 switches to 1Tx. In details, if a capability X out of the table above may change when carrier 2 switches to 1Tx, it would motivate a separate capability reporting for carrier-2 of 1Tx, and thus would make a difference to the UE capability design:
· If only the capability in the table above would be affected by the 1Tx/2Tx change at carrier 2, then a single capability entry for carrier 2 is enough, since the network can base on the single capability entry to derive the capability of carrier 2 for both 1Tx and 2Tx case;
· Otherwise, if for some other UE capabilities, the 1Tx UE capability cannot be derived, two capability entries would be needed, for 1Tx and 2Tx of carrier 2 respectively, because the network cannot derive from one to the other;
To answer this question, RAN2 cannot make such decisions by ourselves, since it is more in RAN1/4 scope. Therefore, we suggest to send a LS to RAN1/RAN4 for confirmation. 
Proposal 1: Send a LS to RAN1/RAN4 for ask in Option 2 for carrier 2, whether 1Tx UE capability can be derived from 2Tx UE capability.
Issue 2: Fallback band combination
In last RAN2 meeting, the agreement achieved was simple but coarse that “Do not consider the lower order band combination from the parent band combination with UL Tx switching as fallback band combination.”. During CR drafting, people were concerned this conclusion might lead to heavy UE signaling overhead, and would like to improve the text a little bit. Here we provide an example to explain what kind of child BC(s) can be considered as fallback BC(s). 
The example is: a parent-BC is reported, which includes a band-pair A (carrier 1) +B (carrier 2) supporting UL switching. To answer the question on how to define fallback-BC of a parent-BC supporting UL switching, one essentially needs to answer the question that:
· For a band pair (e.g., A+B), whether A-only (limited to CA and EN-DC case) or B-only case can be seen as fallback-BC?
To answer this question, the decisive point is on the compatibility issue:
· Considering the existence of legacy network, band pair A+B without UL switching would be anyway needed to report in legacy BC-list, which means that for A-only and B-only case, network can always rely on the legacy BC-list to derive them as fallback case, so treating A-only and B-only as fallback case of A+B with UL switching is not necessary;
· More importantly, now in 38.331, the operation of removing fallback BC happens before setting the content of legacy/new BC-list, so if one defines “A+B without UL switching” as a fallback case of “A+B with UL switching”, it would ruin the compatibility issue addressed above, i.e., the “A+B without UL switching” would be removed and thus not appear in the legacy BC list. Therefore, it is preferred to treat “A+B without UL-switching” as non-fallback of “A+B with UL switching”, and the same logic is applied to A-only and B-only case as a result;
So the answer is No.
Proposal 2: It’s proposed to change the agreement to “Lower order band combinations with only carrier 1 or only carrier 2 from parent band combination with UL Tx switching are not considered as fallback band combination.”.
The companion CR can be found in [6] and the draft LS is provided in [7].
3	Conclusions
Based on the discussion above, we have the following proposals.
Proposal 1: Send a LS to RAN1/RAN4 for ask in Option 2 for carrier 2, whether 1Tx UE capability can be derived from 2Tx UE capability.
Proposal 2: It’s proposed to change the agreement to “Lower order band combinations with only carrier 1 or only carrier 2 from parent band combination with UL Tx switching are not considered as fallback band combination.”.
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