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During RAN2#107 meeting, one LS from RAN2 on ambiguity of UE L1 FDD&TDD FR1&FR2 capabilities was sent to RAN1. Currently, some UE capabilities need to support different functionalities between FDD and TDD, and/or between FR1 and FR2. However, when configured with CA with mixture of FDD/TDD and/or FR1/FR2 serving cells, if UE indicates different capability values for FDD/TDD and/or FR1/FR2, it is unclear which serving cell’s capability value (i.e., FDD or TDD, FR1 or FR2) should be used.
In this contribution, we provide analysis on these related UE capabilities in Section 2 and present the draft LS reply in Section 3.
Analysis on FDD/TDD and FR1/FR2 UE capabilities
Some preliminary analysis on the ambiguity of UE capability has been made in [2]. The analysis in this contribution is based on [2] with some updates.
In addition to the four sets of UE capabilities mentioned in RAN2 LS, which may be ambiguous regarding the FDD/TDD and/or FR1/FR2 differentiation, we figure out that dynamicSFI may also be unclear in case that UE reports different UE capability values for FDD/TDD and/or FR1/FR2.
Basically, in case of cross-carrier scheduling or cross-carrier indication, all these UE capabilities have three different interpretations:
· Interpretation1: UE capability determination is based on the FRX/XDD mode of the cell sending the command.
· Interpretation2: UE capability determination is based on the FRX/XDD mode of the cell applying the command.
· Interpretation3: UE capability determination is based on the FRX/XDD mode of both the cell sending the command and the cell applying the command.

	UE capability
	FDD/TDD and/or
FR1/FR2 differentiation
	Interpretation

	TPC-PUCCH-RNTI, 
TPC-PUSCH-RNTI, 
TPC-SRS-RNTI
	FR1/FR2 differentiation
	These RNTIs are used for group DCI message for TPC command, network can configure UE to monitor one cell’s PDCCH to receive the TPC command for another SCell. These capability bits are used to indicate whether UE supports monitoring the specific RNTI.
From this perspective, the capability determination of “TPC-PUCCH-RNTI”, “TPC-PUSCH-RNTI” and “TPC-SRS-RNTI” should be based on the FR1/FR2 mode of the cell sending the DCI command.

	absoluteTPC-Command
	FR1/FR2 differentiation
	This capability indicates whether UE supports absolute TPC command, so network can decide whether to use “accumulate” or “absolute” configuration to map TPC command field by setting “tpc-Accumulation” field in PUSCH-PowerControl.
UE executes TPC command mapping when receives the TPC command, and it always occupies 2bits in DCI. When UE indicates it has different capabilities for FR1 and FR2, it makes sense to rely on the FR mode of target cell which applies the TPC command, to decide whether to enable absolute TPC command.

	twoDifferentTPC-Loop-PUCCH, 
twoDifferentTPC-Loop-PUCCH
	FR1/FR2 differentiation
FDD/TDD differentiation
	Network can enable “two different TPC loop” for PUCCH/PUSCH by setting fields “twoPUCCH-PC-AdjustmentStates” in PUCCH-PowerControl, and “twoPUSCH-PC-AdjustmentStates” in PUSCH-PowerControl.
Whether UE supports two different TPC loop should be based on the capability of target cell (which applies TPC command). 

	dl-SchedulingOffset-PDSCH-TypeA, 
dl-SchedulingOffset-PDSCH-TypeB, 
ul-SchedulingOffset
	FR1/FR2 differentiation
FDD/TDD differentiation
	For FR1/FR2 differentiation, there is no ambiguity, because cross carrier scheduling among different numerology is not supported in Rel-15. But for FDD/TDD differentiation, in case of cross carrier scheduling between TDD and FDD serving cells, it is unclear which cell’s duplex mode should be referred to when network enable these features.
In case of cross-carrier scheduling, K0/K2 is counted from the slot receiving the PDCCH in the scheduling cell to the slot receiving/transmitting the PDSCH/PUSCH in the scheduled cell. It’s straightforward to require UE supporting the corresponding capability for both scheduling cell and scheduled cell.

	dynamicSFI
	FR1/FR2 differentiation
FDD/TDD differentiation
	UE capability “dynamicSFI” indicates whether UE supports DCI format 2_0 to indicate the slot formats for the target cell. DCI format 2_0 supports cross-carrier indicating the slot format, e.g., DCI format 2_0 in PCell to indicate the slot formats of the Scells. 
Since this UE capability is related to DCI monitoring, it is reasonable to determine the UE capability based on the cell sending the command.



Draft LS reply
RAN1 would like to thank RAN2 for the LS R2-1911858 on ambiguity of UE L1 FDD/TDD FR1/FR2 capabilities. RAN1 has discussed the questions raised by RAN2 and the answers are as below.
Q1: Regarding the listed UE capabilities, to which cell or cells the FDD/TDD and/or FR1/FR2 differentiation applies?
A1: 
	UE capability
	FDD/TDD and/or
FR1/FR2 differentiation
	Interpretation

	TPC-PUCCH-RNTI, 
TPC-PUSCH-RNTI, 
TPC-SRS-RNTI
	FR1/FR2 differentiation
	The FR1/FR2 differentiation of capabilities “TPC-PUCCH-RNTI”, “TPC-PUSCH-RNTI” and “TPC-SRS-RNTI” applies to the cell sending the TPC command.

	absoluteTPC-Command
	FR1/FR2 differentiation
	The FR1/FR2 differentiation of capability “absoluteTPC-Command” applies to cell applying the TPC command.

	twoDifferentTPC-Loop-PUCCH, 
twoDifferentTPC-Loop-PUCCH
	FR1/FR2 differentiation
FDD/TDD differentiation
	The FDD/TDD and/or FR1/FR2 differentiation of capabilities “twoDifferentTPC-Loop-PUCCH” and “twoDifferentTPC-Loop-PUCCH” applies to the cell applying the TPC command.

	dl-SchedulingOffset-PDSCH-TypeA, 
dl-SchedulingOffset-PDSCH-TypeB, 
ul-SchedulingOffset
	FR1/FR2 differentiation
FDD/TDD differentiation
	For FR1/FR2 differentiation, there is no ambiguity, because cross carrier scheduling with different numerologies is not supported in Rel-15. 
The FDD/TDD differentiation of capabilities “dl-SchedulingOffset-PDSCH-TypeA”, “dl-SchedulingOffset-PDSCH-TypeB” and “ul-SchedulingOffset” applies to both the cell sending the scheduling DCI and the cell with the scheduled PDSCH/PUSCH.



Q2: Are there any other physical layer capabilities that are subject to the above ambiguity and if so, how should the network interpret those capabilities?
A2: RAN1 has figured out the following physical layer capabilities that are subject to the above ambiguity and the corresponding interpretation is as below.
	UE capability
	FDD/TDD and/or
FR1/FR2 differentiation
	Interpretation

	dynamicSFI
	FR1/FR2 differentiation
FDD/TDD differentiation
	The FDD/TDD and/or FR1/FR2 differentiation of capability “dynamicSFI” applies to the cell sending the SFI command.
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