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During RAN#88e meeting, companies had some preliminary discussions on the ambiguity issue regarding interpretation of UE feature in case of cross-carrier operation [1]. One example for this ambiguity is as following, for a per-band UE capability, if a UE indicates support of this capability for band A, but indicates not support for band B, it is not clear how to determine whether the UE supports this capability or not in case of cross-carrier operation between band A and band B. 
In the Moderator’s summary [1], the following observation was made. In this contribution, analysis on this ambiguity issue is presented.
	Observation for FG interpretation in case of cross-carrier operation: 
· For UE feature related to cross-carrier operation (e.g., cross-carrier scheduling/triggering/indication), the following alternatives can be discussed in case-by-case basis in WGs.
· Alt.1: the support of this feature for both scheduling/triggering/indicating cell and scheduled/triggered/indicated cell.
· Alt.2: the support of this feature for the scheduling/triggering/indicating cell only.
· Alt.3: the support of this feature for the scheduled/triggered/indicated cell only.



Discussion
During RAN2#107 meeting, RAN2 sent an LS on ambiguity of UE L1 FDD/TDD FR1/FR2 capabilities to RAN1 to seek clarification [2]. In summary, for UE capabilities with xDD/FRx differentiation, RAN2 asked RAN1 to clarify how to interpret the UE capabilities in case of cross-carrier operation. During RAN1#98bis meeting, RAN1 discussed the ambiguity issue and provided the reply LS in [3]. RAN2 updated Annex A.1 and A.2 of TS38.306 accordingly to clarify this issue.
Note that RAN2 only adds clarification for UE capabilities with xDD/FRx differentiation in Annex A.1 and A.2 of TS38.306 fa0. However, for some UE capabilities without xDD/FRx differentiation, the ambiguity issue still needs to be clarified. Take the Rel-15 UE capability aperiodicTRS as an example. UE capability aperiodicTRS is a “per Band” signaling, which is to indicate the network whether the UE supports DCI triggering aperiodic TRS associated with periodic TRS. It is not clear how to interpret the UE capability in case when only one of the triggering cell and triggered cell supports aperiodicTRS. For example, if UE indicates support of aperiodicTRS for Band A and NOT support of aperiodicTRS for Band B. If UE needs to trigger A-TRS for Band B from Band A, it is not clear whether UE supports this kind of operation.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	aperiodicTRS
Indicates whether the UE supports DCI triggering aperiodic TRS associated with periodic TRS.
	Band
	No
	N/A
	N/A



It is observed that RAN2 has added clarification for this issue for some of the UE capabilities, e.g., aperiodicBeamReport and beamReportTiming as shown below. While for other UE capabilities associated with cross-carrier operation, similar clarification is absent in TS38.306.
	aperiodicBeamReport
Indicates whether the UE supports aperiodic 'CRI/RSRP' or 'SSBRI/RSRP' reporting on PUSCH. The UE provides the capability for the band number for which the report is provided (where the measurement is performed).
	Band
	Yes
	N/A
	N/A



	beamReportTiming
Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
	Band
	Yes
	N/A
	N/A



Analysis
After checking the latest Rel-15 TS38.306, the following UE capabilities may need further clarification in case of cross-carrier operation. Below we provide our analysis and proposal for each of these UE capabilities. For better understanding, we try to reuse the same wording (i.e., the green highlighted part) as that in TS38.306.
· aperiodicTRS
For aperiodicTRS, this UE capability is used to indicate whether the UE supports DCI triggering aperiodic TRS associated with periodic TRS. The DCI triggering aperiodic TRS and the triggered TRS could be in different bands. From our understanding, UE capability aperiodicTRS is more related to the band transmitting TRS. Thus, the UE provides the capability aperiodicTRS for the band number for which the triggered TRS is transmitted. In other words, support of aperiodicTRS is based on the support of this feature for the scheduled/triggered/indicated cell only.
	aperiodicTRS
Indicates whether the UE supports DCI triggering aperiodic TRS associated with periodic TRS.
	Band
	No
	N/A
	N/A



· beamSwitchTiming
For beamSwitchTiming, this UE capability is used to indicate the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The DCI triggering aperiodic CSI-RS and the triggered CSI-RS can be in different bands. From our understanding, UE capability beamSwitchTiming is more related to the band transmitting CSI-RS. Thus, the UE provides the capability beamSwitchTiming for the band number for which the triggered CSI-RS is transmitted. In other words, support of beamSwitchTiming is based on the support of this feature for the scheduled/triggered/indicated cell only.
	beamSwitchTiming
Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.
	Band
	No
	N/A
	FR2 only



· ue-SpecificUL-DL-Assignment
For ue-SpecificUL-DL-Assignment, this UE capability is used to Indicates whether the UE supports dynamic determination of UL and DL link direction and slot format based on Layer 1 scheduling DCI and higher layer configured parameter UL-DL-configuration-dedicated. The Layer 1 scheduling DCI could be in the different band from the band applying the UL/DL link direction. As this UE capability is mainly for the cell applying the UL/DL link direction, the UE provides the capability ue-SpecificUL-DL-Assignment for DL feature set of the band number for which the UL/DL link direction is applied. In other words, support of ue-SpecificUL-DL-Assignment is based on the support of this feature for the scheduled/triggered/indicated cell only.
	ue-SpecificUL-DL-Assignment
Indicates whether the UE supports dynamic determination of UL and DL link direction and slot format based on Layer 1 scheduling DCI and higher layer configured parameter UL-DL-configuration-dedicated as specified in TS 38.213 [11].
	FS
	No
	N/A
	N/A



· bwp-DiffNumerology / bwp-SameNumerology
These two capabilities are used to indicate whether the UE supports BWP adaptation up to 4 BWPs with the different/same numerologies, via DCI and timer. The DCI triggering BWP switch and the target cell can be in different bands. From our perspective, these two UE capabilities are mainly related to the target band, thus the UE provides the capability bwp-DiffNumerology / bwp-SameNumerology for the band number for which the BWP is switched. In other words, support of bwp-DiffNumerology / bwp-SameNumerology is based on the support of this feature for the scheduled/triggered/indicated cell only.
	bwp-DiffNumerology
Indicates whether the UE supports BWP adaptation up to 4 BWPs with the different numerologies, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	N/A
	N/A



	bwp-SameNumerology
Defines type A/B BWP adaptation (up to 2/4 BWPs) with the same numerology, via DCI and timer. For the UE capable of this feature, the bandwidth of a UE-specific RRC configured DL BWP includes the bandwidth of the CORESET#0 (if CORESET#0 is present) and SSB for PCell and PSCell (if configured). For SCell(s), the bandwidth of the UE-specific RRC configured DL BWP includes SSB, if there is SSB on SCell(s).
	Band
	No
	N/A
	N/A




Summary
Procedure wise, companies could present other UE capabilities with potential ambiguity issue from their perspective, if any. After that, RAN1 could clarify this issue first and then send an LS to ask RAN2 to update the spec accordingly.
Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this feature for the scheduled/triggered/indicated cell only.
· aperiodicTRS
· beamSwitchTiming
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology

Proposal 2: RAN1 sends an LS to RAN2 to clarify the interpretation of UE capabilities with potential ambiguity issue in case of cross-carrier operation.

Conclusion
In this contribution, we present the following proposals for Rel-15 UE capability.
Proposal 1: Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this feature for the scheduled/triggered/indicated cell only.
· aperiodicTRS
· beamSwitchTiming
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology

Proposal 2: RAN1 sends an LS to RAN2 to clarify the interpretation of UE capabilities with potential ambiguity issue in case of cross-carrier operation.
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