Page 1
[bookmark: _Ref494746248]3GPP TSG RAN WG1 Meeting #103-e	R1-2007729
e-Meeting, October 26th–November 13th, 2020	

Source: 	ZTE
Title: 	Discussion on UE capability xDD differentiation for SUL/SDL bands
Agenda item:	5
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref4817]Introduction
In RAN1#102e meeting, an LS on UE capability xDD differentiation for SUL/SDL bands was sent from RAN2 to RAN1 and RAN4 [1]. During RAN1#102e meeting, companies had some preliminary discussion on whether/how to reply this RAN2 LS. In the end, companies agreed to reply this LS after RAN4 reply LS is done because RAN4’s reply may potentially impact RAN1’s discussion [2].
	Conclusion:
It is concluded to have the reply LS to RAN2 after RAN4 reply LS on R1-2005208/R2-2006322 is done. 



During RAN4#96e meeting, RAN4 approved the following reply LS. Based on RAN4 reply LS, it is confirmed that SDL and SUL are separate duple modes from the TDD or FDD.
	RAN4 thanks RAN2 for the LS on UE capability xDD differentiation for SUL/SDL bands. 
In RAN4#96e, RAN4 discussed the two questions from RAN2 and understands that the differentiations of per-UE capabilities by TDD/FDD duplex mode(s) are specified in other working groups. Furthermore, RAN4 confirms the following based on the current RAN4 specifications:
One of four duplex modes, FDD, TDD, SDL and SUL is specified for a single operating band.
No RF requirement except for operating bands and channel arrangement is specified for SUL or SDL band alone.
Tx/Rx RF and RRM Requirements for SUL or SDL are specified based on SUL or SDL band combinations.
As a conclusion, RAN4 specification cannot be a reference to directly answer the two questions from RAN2, thus RAN4 cannot provide the specific answers. 



In this contribution, we provide our discussion and analysis on the UE capability xDD differentiation for SUL/SDL bands from RAN1 perspective.
Discussion
Concerned UE capabilities
There are some per-UE capabilities with TDD/FDD differentiation. For these UE capabilities, it is not clear how to interpret them for SDL/SUL carrier. On top of this issue, some UE capabilities are TDD-only or FDD-only, it is not clear whether these UE capabilities are applicable to SDL or SUL. In the following section, we provide our analysis on how to apply the UE capabilities with TDD/FDD differentiation and UE capabilities with TDD-only or FDD-only to SDL/SUL. 
Proposal 1: Both UE capabilities with TDD/FDD differentiation and UE capabilities with TDD-only/FDD-only should be clarified whether they are applicable to SDL/SUL.
The concerned Rel-15 and Rel-16 UE capabilities are listed as below.
· Rel-15 RAN1 UE capabilities with TDD/FDD differentiation
	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

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

	dynamicSFI
Indicates whether the UE supports monitoring for DCI format 2_0 and determination of slot formats via DCI format 2_0.
	UE
	No
	Yes
	Yes

	twoDifferentTPC-Loop-PUCCH
Indicates whether the UE supports two different TPC loops for PUCCH closed loop power control.
	UE
	Yes
	Yes
	Yes

	twoDifferentTPC-Loop-PUSCH
Indicates whether the UE supports two different TPC loops for PUSCH closed loop power control.
	UE
	Yes
	Yes
	Yes

	twoPUCCH-F0-2-ConsecSymbols
Indicates whether the UE supports transmission of two PUCCHs of format 0 or 2 in consecutive symbols in a slot.
	UE
	No
	Yes
	Yes

	ul-SchedulingOffset
Indicates whether the UE supports UL scheduling slot offset (K2) greater than 12.
	UE
	Yes
	Yes
	Yes



It is obvious that dl-SchedulingOffset-PDSCH-TypeA and dl-SchedulingOffset-PDSCH-TypeB can be applied to SDL as both of PDCCH and PDSCH of course can be scheduled in SDL. 
dynamicSFI can be applied to SDL because RAN1 spec doesn’t differentiate SDL from a regular DL carrier. Meanwhile, according to Section 11.1 of TS38.213, dynamicSFI is also applicable to SUL.
twoDifferentTPC-Loop-PUCCH and twoDifferentTPC-Loop-PUSCH can be applied to SUL. Meanwhile, the DCI applied to adjust the PUCCH/PUSCH power can be transmitted in SDL. 
twoPUCCH-F0-2-ConsecSymbols can be applied to SUL but not SDL as it is used to indicate whether the UE supports transmission of two PUCCHs of format 0 or 2 in consecutive symbols in a slot.
ul-SchedulingOffset can be applied to SUL as of course PUSCH can be scheduled in SUL. Meanwhile, the DCI scheduling PUSCH can be sent in SDL. 
Based on the above analysis, we have the following proposal. 
Proposal 2: 
The following Rel-15 UE capabilities are applicable to both SDL and SUL.
- dynamicSFI, twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH and ul-SchedulingOffset
The following Rel-15 UE capabilities are applicable to SDL but not applicable to SUL.
- dl-SchedulingOffset-PDSCH-TypeA and dl-SchedulingOffset-PDSCH-TypeB
The following Rel-15 UE capabilities are applicable to SUL but not applicable to SDL.
- twoPUCCH-F0-2-ConsecSymbols

· Rel-15 RAN1 UE capabilities with TDD-only/FDD-only
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	tdd-MultiDL-UL-SwitchPerSlot
Indicates whether the UE supports more than one switch points in a slot for actual DL/UL transmission(s).
	UE
	No
	TDD only
	Yes



It seems this UE capability tdd-MultiDL-UL-SwitchPerSlot is dedicated to TDD carrier, but not to SDL or SUL because there is no UL transmission in SDL and there is no DL transmission in SUL. Thus, it doesn’t make sense to apply tdd-MultiDL-UL-SwitchPerSlot to SDL or SUL.
· Rel-16 RAN1 UE capabilities with TDD-only/FDD-only
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	cli-RSSI-FDM-DL-r16
Indicates whether serving cell DL signal/channel (e.g. PDSCH/PDCCH) and CLI-RSSI FDMed reception is supported as specified in TS 38.215 [13].
	UE
	No
	TDD only
	Yes

	cli-SRS-RSRP-FDM-DL-r16
Indicates whether serving cell DL signal/channel (e.g. PDSCH/PDCCH) and SRS-RSRP FDMed reception is supported as specified in TS 38.215 [13].
	UE
	No
	TDD only
	Yes

	fdd-PCellUL-TX-AllUL-Subframe-r16
Indicates whether the UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of LTE FDD PCell. UE indicating support can configure its LTE FDD PCell with this feature on the band combination which indicates support of either tdm-restrictionFDD-endc-r16
or tdm-restrictionDualTX-FDD-endc-r16.
	UE
	No
	FDD only
	FR1 only

	tdd-PCellUL-TX-AllUL-Subframe-r16
Indicates whether the UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of TDD PCell. UE indicating support can configure LTE TDD PCell with this feature on the band combination which indicates support of tdm-restrictionTDD-endc-r16.
	UE
	No
	TDD only
	FR1 only



cli-RSSI-FDM-DL-r16 is used to indicate whether CLI related DL signal/channel reception is supported or not. cli-SRS-RSRP-FDM-DL-r16 is used to indicate whether CLI related DL signal/channel reception and SRS-RSRP FDMed reception is supported or not. Both of these two UE capabilities are only applicable to TDD band because one UE needs to transmit CLI related signal in UL carrier and another UE needs to receive these DL signal/channel in the same carrier. However, there is no UL transmission in SDL and there is no DL transmission in SUL. Thus, it doesn’t make sense to apply cli-RSSI-FDM-DL-r16 or cli-SRS-RSRP-FDM-DL-r16 to SDL/SUL.
Regarding for fdd-PCellUL-TX-AllUL-Subframe-r16 and tdd-PCellUL-TX-AllUL-Subframe-r16, both of them are related to UL transmissions. Thus, they of course can not be applied to SDL. Besides, according to Section 5.5B of Ts38.101-3, all the band combinations marked with “yes” for “Single UL allowed” are without SUL. Thus, it is natural that these two UE capabilities are not applicable to SUL either.
Furthermore, as pointed out by RAN4 reply LS, SDL and SUL are separate duplex mode from TDD and FDD. When discussing the “TDD only” or “FDD only” UE capabilities, we didn’t discuss whether they should be applied to SDL or SUL. It may cause potential NBC issue if we directly apply the UE capabilities with “TDD only” or “FDD only” to SDL or SUL. Thus, we have the following proposal.
Proposal 3: Rel-15 and Rel-16 UE capabilities marked with “TDD only” or “FDD only” are not applicable to SDL and SUL.
Different approaches
As pointed out by RAN4 reply LS, SDL and SUL are separate duplex modes from the TDD and FDD. At the beginning of UE capability signaling design, it should have been more appropriate to consider these SDL and SUL separately from xDD differentiation. However, adding more signaling bits dedicated for SDL and SUL at this current point is not a desired solution for Rel-15 and Rel-16 due to the huge specification impact and implementation impact. 
There are basically four approaches to address this issue.
Approach#1: Applicability of per-UE capability with TDD/FDD differentiation to SDL/SUL is based on the duplex mode of SDL/SUL’s corresponding NR band.
Approach#2: Applicability of per-UE capability with TDD/FDD differentiation to SDL/SUL is based on the duplex mode of associated PCell.
Approach#3: The support of per-UE capability with TDD/FDD differentiation for SDL/SUL is based on the support of this capability for both TDD and FDD.
Approach#4: Discuss the applicability of the per-UE capabilities with TDD/FDD differentiation and UE capabilities with TDD-only or FDD-only to SDL/SUL in a case-by-case manner.
Approach#1, Approach#2 and Approach#3 are unified solutions, while Approach#4 is trying to discuss the concerned UE capabilities one-by-one and different interpretations may be applied to different UE capabilities in the end. To progress this issue efficiently, we can first try to converge on a unified solution, if companies couldn’t converge on any unified solution, then we can try to discuss the issue in a case-by-case manner.
Proposal 4: A unified solution to interpret the applicability of the per-UE capabilities with TDD/FDD differentiation to SDL/SUL is preferred. If companies couldn’t converge on a unified solution, then RAN1 discusses the concerned UE capabilities in a case-by-case manner.
Among the three unified solutions (Approach#1, Approach#2 and Approach#3), our preference is Approach#3, i.e., the support of per-UE capability with TDD/FDD differentiation so SDL/SUL is based on the support of this capability for both TDD and FDD. Approach#1 is also workable. However, Approach#1 is not a complete solution because some SDL/SUL bands may not have the corresponding NR bands. For example, band n29 is an SDL band without any corresponding NR band. Furthermore, more SDL/SUL bands without the corresponding NR band may become available in the further. For forward compatibility, it is better not to apply Approach#1. Approach#2 may not be a desired solution either because the same SUL band may be interpreted as different “duple modes” if it is attached to different PCell.  
	n29
	N/A
	717 MHz – 728 MHz
	SDL



Operation related to more than one carrier
As described in Section A.1 (Annex A.1:	TDD/FDD differentiation of capabilities in TDD-FDD CA) of TS38.306, in case of TDD-FDD CA, it needs to be clarified whether the support of this UE capability is based on the TDD band, FDD band or both. For the SUL case, similar issue exists. Take the following UE feature twoDifferentTPC-Loop-PUSCH as an example. twoDifferentTPC-Loop-PUSCH is applied to indicate whether the UE supports two different TPC loops for PUSCH closed loop power control. The TPC command can be received in the DL carrier (let’s say TDD) while the PUSCH may be transmitted in SUL. In this case, similar clarification is needed.
	twoDifferentTPC-Loop-PUSCH
Indicates whether the UE supports two different TPC loops for PUSCH closed loop power control.
	UE
	Yes
	Yes
	Yes



As we can see in Section A.1 of TS38.306 (copied below), all the RAN1 related UE features are interpreted as “associated serving cells”. In other words, UE supports one UE capability in FDD-TDD CA case only if UE supports this UE capability for both TDD and FDD. 
	UE-NR-Capability or
 UE-MRDC-Capability
	Classification

	eventA-MeasAndReport
	PSCell 

	dl-SchedulingOffset-PDSCH-TypeA (Note3)
	Associated serving cells

	dl-SchedulingOffset-PDSCH-TypeB (Note3)
	Associated serving cells

	dynamicSFI (Note3)
	Associated serving cells

	handoverInterF
	PCell

	handoverLTE-EPC
	PCell

	handoverLTE-5GC
	PCell

	intraAndInterF-MeasAndReport
	PSCell

	logicalChannelSR-DelayTimer(Note2)
	Associated serving cells

	longDRX-Cycle
	All serving cells

	multipleConfiguredGrants(Note1)
	Associated serving cells

	multipleSR-Configurations
	Per serving cell

	sftd-MeasNR-Cell
	PCell

	sftd-MeasNR-Neigh
	PCell

	sftd-MeasNR-Neigh-DRX
	PCell

	sftd-MeasPSCell
	PCell

	sftd-MeasPSCell-NEDC
	PCell

	shortDRX-Cycle
	All serving cells

	skipUplinkTxDynamic
	Per serving cell

	twoDifferentTPC-Loop-PUCCH (Note3)
	Associated serving cells

	twoDifferentTPC-Loop-PUSCH (Note3)
	Associated serving cells

	ul-SchedulingOffset (Note3)
	Associated serving cells

	NOTE 1:	The associated serving cells including the serving cell(s) configured with configured grant.
NOTE 2:	For a given logical channel, the associated serving cells including the PUCCH cell(s) associated with this logical channel (via schedulingRequestID).
NOTE 3:	The associated serving cells including both the cell sending the command and the cell applying the command.



If approach#1 is used, similar interpretation is needed if SUL and its corresponding Cell are of different duplex modes, e.g., FDD for SUL and TDD for the corresponding Cell (NUL). Among all the Rel-15 UE capabilities, only dynamicSFI, twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH and ul-SchedulingOffset are related to both SUL and its corresponding Cell, and hence they need to be clarified. Also, as discussed section 2.1, some of the SUL/SDL can be only used for the scheduling/triggering carrier or the scheduled/triggered carrier but not both.  
Overall, there is potential NBC risk by adopting any of these approaches. So it is the safest to assume no support of these capabilities for SDL/SUL.  If there is strong desire to support these capabilities for SDL/SUL, approach#3 seems to be less risky in terms of NBC since different UEs may have different interpretations on whether SUL/SDL corresponds to the FDD/TDD differentiation bits. Also, approach#3 is compatible with the assumption for cross-carrier operations. Therefore, we have the following proposal. 
Proposal 5: Regarding the applicability of the per-UE capabilities with TDD/FDD differentiation to SDL/SUL, the support of per-UE capability with TDD/FDD differentiation for SDL/SUL is based on the support of this capability for both TDD and FDD.

Draft Reply LS
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Based on the above analysis, we would like to provide the following answers to the questions in the LS.
		Question 1: Could per-UE capabilities for SUL/SDL bands be differentiated on the duplex mode(s) for Rel-15 and Rel-16? 
[RAN1 reply] Yes.

Question 2: Which duplex mode(s) (i.e. FDD or TDD) for the per-UE capabilities which are differentiated by FDD and TDD are applied for SUL/SDL in both Rel-15 and Rel-16?
[RAN1 reply] RAN1 discussed this issue and reached the following conclusion.
Conclusion 
The following Rel-15 UE capabilities are applicable to both SDL and SUL.
- dynamicSFI, twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH and ul-SchedulingOffset
The following Rel-15 UE capabilities are applicable to SDL but not applicable to SUL.
- dl-SchedulingOffset-PDSCH-TypeA and dl-SchedulingOffset-PDSCH-TypeB
The following Rel-15 UE capabilities are applicable to SUL but not applicable to SDL.
- twoPUCCH-F0-2-ConsecSymbols
Conclusion
Rel-15 and Rel-16 UE capabilities marked with “TDD only” or “FDD only” are not applicable to SDL and SUL.
Conclusion
Regarding the applicability of the per-UE capabilities with TDD/FDD differentiation, the support of per-UE capability with TDD/FDD differentiation for SDL/SUL is based on the support of this capability for both TDD and FDD.



Conclusion
In this contribution, we provide our analysis on on UE capability xDD differentiation for SULSDL bands with the following proposals.
Proposal 1: Both UE capabilities with TDD/FDD differentiation and UE capabilities with TDD-only/FDD-only should be clarified whether they are applicable to SDL/SUL.
Proposal 2: 
The following Rel-15 UE capabilities are applicable to both SDL and SUL.
- dynamicSFI, twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH and ul-SchedulingOffset
The following Rel-15 UE capabilities are applicable to SDL but not applicable to SUL.
- dl-SchedulingOffset-PDSCH-TypeA and dl-SchedulingOffset-PDSCH-TypeB
The following Rel-15 UE capabilities are applicable to SUL but not applicable to SDL.
- twoPUCCH-F0-2-ConsecSymbols

Proposal 3: Rel-15 and Rel-16 UE capabilities marked with “TDD only” or “FDD only” are not applicable to SDL and SUL.

Proposal 4: A unified solution to interpret the applicability of per-UE capabilities with TDD/FDD differentiation to SDL/SUL is preferred. If companies couldn’t converge on a unified solution, then RAN1 discusses the concerned UE capabilities in a case-by-case manner.

Proposal 5: Regarding the applicability of the per-UE capabilities with TDD/FDD differentiation to SDL/SUL, the support of per-UE capability with TDD/FDD differentiation for SDL/SUL is based on the support of this capability for both TDD and FDD.

Based on the above analysis, we would like to provide the following answers to the questions in the LS.
		Question 1: Could per-UE capabilities for SUL/SDL bands be differentiated on the duplex mode(s) for Rel-15 and Rel-16? 
[RAN1 reply] Yes.

Question 2: Which duplex mode(s) (i.e. FDD or TDD) for the per-UE capabilities which are differentiated by FDD and TDD are applied for SUL/SDL in both Rel-15 and Rel-16?
[RAN1 reply] RAN1 discussed this issue and reached the following conclusion.
Conclusion 
The following Rel-15 UE capabilities are applicable to both SDL and SUL.
- dynamicSFI, twoDifferentTPC-Loop-PUCCH, twoDifferentTPC-Loop-PUSCH and ul-SchedulingOffset
The following Rel-15 UE capabilities are applicable to SDL but not applicable to SUL.
- dl-SchedulingOffset-PDSCH-TypeA and dl-SchedulingOffset-PDSCH-TypeB
The following Rel-15 UE capabilities are applicable to SUL but not applicable to SDL.
- twoPUCCH-F0-2-ConsecSymbols
Conclusion
Rel-15 and Rel-16 UE capabilities marked with “TDD only” or “FDD only” are not applicable to SDL and SUL.
Conclusion
Regarding the applicability of the per-UE capabilities with TDD/FDD differentiation to SDL/SUL, the support of per-UE capability with TDD/FDD differentiation for SDL/SUL is based on the support of this capability for both TDD and FDD.
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