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During RAN1#98bis meeting, an LS “LS on ambiguity of UE L1 FDD/TDD FR1/FR2 capabilities” from RAN2 was sent to RAN1 to ask clarification on UE capabilities with FRX and/or XDD differentiation [1]. In Rel-15, UE may signal different UE capabilities for FDD and TDD, and may also signal different UE capabilities for FR1 and FR2. In case of cross-carrier triggering, cross-carrier indication and cross-carrier scheduling, if UE signals different UE capabilities for FDD and TDD, or if UE signals different UE capabilities for FR1 and FR2, it is not clear how to interpret UE capabilities. 
Companies had some preliminary discussion on this issue. However, it seems companies have different understanding on how to interpret these UE capabilities with FRX and/or XDD differentiation.
Here we try to further clarify this issue and collect companies’ views.
Further clarification of UE capabilities with FRX and/or XDD differentiation
To further compare the difference between different alternatives on the table, we provide some examples in this section to further clarify corresponding UE behaviors each alternative.
FRX differentiation
We’d like to start with an example regarding UE capability tpc-PUSCH-RNTI. Network can configure UE to monitor the TPC command in one Cell and apply it for another Cell. Specifically, according to companies’ discussion, the corresponding UE behavior includes two parts: (1) UE receives group DCI message based on TPC-PUSCH-RNTI in one Cell (let’s say the Cell receiving the TPC command); (2) UE applies the TPC commands to another target Cell (let’s say the Cell applying the TPC command).

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	tpc-PUSCH-RNTI
Indicates whether the UE supports group DCI message based on TPC-PUSCH-RNTI for TPC commands for PUSCH.
	UE
	No
	No
	Yes



So far, according to the discussion, there are at least the following three alternatives regarding how to interpret this UE capability tpc-PUSCH-RNTI regarding FR1 and FR2 differentiation. [Note: for better understanding, we try to clarify this issue from UE perspective. Thus, we change the original wording “sending the command” to “receiving the command” in the following alternatives.]
For simplicity, the supported functionalities are categorized into four cases as shown below. 
	Case
	Receiving command
(e.g. receiving TPC command)
	Applying command
(e.g. applying the TPC command)

	FRX_Case00
	FR1
	FR1

	FRX_Case01
	FR1
	FR2

	FRX_Case10
	FR2
	FR1

	FRX_Case11
	FR2
	FR2



FRX_Alt.1a: UE capability determination is based on the FRX mode of the cell receiving the command.
	Bit fields
(FR1, FR2)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports FRX_Case00 and FRX_Case01.

	(0,1)
	UE supports FRX_Case10 and FRX_Case11.

	(1,1)
	UE supports FRX_Case00, FRX_Case01, FRX_Case10 and FRX_Case11.



FRX_Alt.1b: UE capability determination is based on the FRX mode of the cell applying the command.
	Bit fields 
(FR1, FR2)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports FRX_Case00 and FRX_Case10.

	(0,1)
	UE supports FRX_Case01 and FRX_Case11.

	(1,1)
	UE supports FRX_Case00, FRX_Case01, FRX_Case10 and FRX_Case11.



FRX_Alt.2: UE capability determination is based on the FRX mode of both the cell receiving the command and the cell applying the command.
	Bit fields 
(FR1, FR2)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports FRX_Case00

	(0,1)
	UE supports FRX_Case11

	(1,1)
	UE supports FRX_Case00, FRX_Case01, FRX_Case10 and FRX_Case11.



XDD differentiation
Similar issues exist for UE capabilities with TDD and FDD differentiation. Take the UE capability dl-SchedulingOffset-PDSCH-TypeA as an example. In case of cross-carrier scheduling, UE may receive the PDSCH scheduling in one Cell while receive the corresponding PDSCH in another Cell. If UE signals different UE capabilities for TDD and FDD, then it is still not clear how to interpret this UE capability.

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	dl-SchedulingOffset-PDSCH-TypeA
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A.
	UE
	Yes
	Yes
	Yes



Similarly, so far, according to the discussion, there are at least the following three alternatives regarding how to interpret this UE capability dl-SchedulingOffset-PDSCH-TypeA regarding TDD/FDD differentiation.
For simplicity, the supported functionalities are categorized into four cases as shown below.

	Case
	Receiving command
(e.g. receiving PDSCH scheduling command)
	Applying command
(e.g. receiving scheduled PDSCH)

	XDD_Case00
	FDD
	FDD

	XDD_Case01
	FDD
	TDD

	XDD_Case10
	TDD
	FDD

	XDD_Case11
	TDD
	TDD



XDD_Alt.1a: UE capability determination is based on the XDD mode of the cell receiving the command. (e.g. receiving PDSCH scheduling command)
	Bit fields 
(FDD, TDD)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports XDD_Case00 and XDD_Case01.

	(0,1)
	UE supports XDD_Case10 and XDD_Case11.

	(1,1)
	UE supports XDD_Case00, XDD_Case01, XDD_Case10 and XDD_Case11.



XDD_Alt.1b: UE capability determination is based on the XDD mode of the cell applying the command (e.g., receiving the scheduled PDSCH).
	Bit fields 
(FDD, TDD)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports XDD_Case00 and XDD_Case10.

	(0,1)
	UE supports XDD_Case01 and XDD_Case11.

	(1,1)
	UE supports XDD_Case00, XDD_Case01, XDD_Case10 and XDD_Case11.



XDD_Alt.2: UE capability determination is based on the XDD mode of both the cell receiving the command (e.g. receiving PDSCH scheduling command) and the cell applying the command (e.g., receiving the scheduled PDSCH).
	Bit fields of dl-SchedulingOffset-PDSCH-TypeA 
(FDD, TDD)
	Supported functionality

	(0,0)
	UE does NOT support this UE capability

	(1,0)
	UE supports XDD_Case00

	(0,1)
	UE supports XDD_Case11

	(1,1)
	UE supports XDD_Case00, XDD_Case01, XDD_Case10 and XDD_Case11.






Companies’ views
Views on the features with FRX differentiation 
	Company
	TPC-PUCCH-RNTI,
TPC-PUSCH-RNTI, 
TPC-SRS-RNTI
	absoluteTPC-Command

	ZTE
	FRX_Alt1a (1st pref.)
FRX_Alt2 (2nd pref.)
	FRX_Alt1b (1st pref.)
FRX_Alt2 (2nd pref.)

	Qualcomm
	FRX_Alt2
	FRX_Alt1b



Views on the features with FRX and XDD differentiation
	Company
	twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUCCH
	dl-SchedulingOffset-PDSCH-TypeA,
dl-SchedulingOffset-PDSCH-TypeB,
ul-SchedulingOffset

	ZTE
	FRX_Alt1b, XDD_Alt1b (1st pref.)
FRX_Alt2, XDD_Alt1b (2nd pref.)
	FRX_Alt2, XDD_Alt1b

	Qualcomm
	FRX_Alt1b, 
	FRX_Alt2, XDD_Alt2



Any comments to support your choice?
	Company
	Comments

	ZTE
	Prefer Alt1a/Alt1b in general but can compromise to support FRX_Alt2 and XDD_Alt1a/b

	Qualcomm
	Even though the topic has been known for a while, it could be useful to still allow a short reflector discussion after the meeting to converge. 

	
	

	
	




Do you find any other UE capabilities with FRX, XDD differentiation need to be clarified? If yes, please provide.
	Company
	Comments

	ZTE
	dynamicSFI : FRX_Alt2, XDD_Alt1a

	Qualcomm
	dynamicSFI : FRX_Alt1b, XDD_Alt1b
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Appendix
1. Overall Description:
Currently, in TS 38.331 and TS 38.306, many UE capabilities are defined with “FDD/TDD diff” and/or “FR1/FR2 diff”, which means the UE may support different functionalities between FDD and TDD, and/or between FR1 and FR2.

However, if the UE is configured with CA with mixture of FDD/TDD and/or FR1/FR2 serving cells, and UE indicates different capability values for FDD/TDD and/or FR1/FR2, for some specific physical layer features (as listed below), it is unclear which serving cell’s capability value should be used.
 
So far, RAN2 has identified following physical layer capabilities may have the above ambiguity:

List of capabilities that are ambiguous per above: 
· TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI

· absoluteTPC-Command

· twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUCCH

· dl-SchedulingOffset-PDSCH-TypeA, dl-SchedulingOffset-PDSCH-TypeB, ul-SchedulingOffset


RAN2 would like to know for above UE capabilities, to which cell or cells the FDD/TDD and/or FR1/FR2 differentiation applies. 

RAN2 would also like to know if RAN1 is aware of any other physical layer capabilities that are subject to the above ambiguity and if so, how those capabilities should be interpreted by the network. 
 
2. Actions:
To RAN4 group.
ACTION: 	RAN2 respectfully asks RAN1 to answer the following questions: 
Q1: Regarding the listed UE capabilities, to which cell or cells the FDD/TDD and/or FR1/FR2 differentiation applies?
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?
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