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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. After discussion, the following observation is captured in Moderator’s summary [1]. 
	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.


 
During RAN1#102e meeting, companies discussed this ambiguity issue for some of the Rel-15 UE features and reached the following conclusion [2] together with an LS to RAN2 to clarify this issue [3]. However, there are still several Rel-15 UE features that companies didn’t reach consensus on how to interpret them in case of cross-carrier operation, i.e., ue-SpecificUL-DL-Assignment and bwp-DiffNumerology / bwp-SameNumerology [4].
	Conclusion
· 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 capability for the band of the scheduled/triggered/indicated cell only.
· aperiodicTRS
· beamSwitchTiming
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on both the support of this capability for the band of the scheduled/triggered/indicated cell and the support of this capability for the band of the scheduling/triggering/indicating cell.
· crossCarrierScheduling-SameSCS



Similar ambiguity issue exists for Rel-16 UE features. In this contribution, we propose to discuss this ambiguity issue for remaining Rel-15 UE features and possibly Rel-16 UE features related to cross-carrier operation in this RAN plenary.
FG interpretation in case of cross-carrier operation
As also summarized in the moderator’s summary [4], basically, there are the following three different interpretations to interpret the UE capabilities with such ambiguity issue.
Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
Rel-15
· ue-SpecificUL-DL-Assignment
For ue-SpecificUL-DL-Assignment, this UE capability is used to indicate 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



Based on our understanding, this UE capability is only applicable to TDD band. If we go with Interpretation 3 for this UE capability, it requires UE to support of this UE capability in both the scheduling cell/band and the scheduled cell/band, which precludes the use case of FDD cross-carrier scheduling TDD for this UE capability. For example, if UE supports BC: band A (FDD) + band B (TDD), and UE supports cross-carrier scheduling for this BC assuming that UE has indicates support of crossCarrierScheduling-SameSCS for both band A and band B.  In this case, UE can support band A cross-carrier schedules band B. However, in this example, UE can NOT indicate support of ue-SpecificUL-DL-Assignment for both band A and band B as band A is FDD. If we go with Interpretation 3 for ue-SpecificUL-DL-Assignment, it basically precludes the use case of ue-SpecificUL-DL-Assignment in this scenario. However, if we go with Interpretation 1 for ue-SpecificUL-DL-Assignment, this kind of scenario can be supported.

· 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 cell with DCI triggering this BWP switch and the target cell can be in different bands. From our perspective, these two UE capabilities are mainly related to the target cell/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



For UE capability bwp-DiffNumerology / bwp-SameNumerology, as this UE capability has two parts (1) support of up to 4 BWPs (2) DCI-based or timer-based BWP switch. If we take Interpretation 3 for this UE capability, in order to support cross-carrier BWP switching, it requires UE to support up to 4 BWPs in both scheduling cell and scheduled cell. This may not be reasonable. With Interpretation 1, a carrier with 1 BWP can still be used to cross-carrier switch the BWP of a carrier with up to 4 BWPs as long as cross-carrier scheduling is supported.
Overall, we propose that RAN to discuss and address the remaining Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation in this plenary.
Proposal 1: RAN discusses the remaining Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation in this plenary.
Proposal 2: Regarding the interpretation of UE capabilities in case of cross-carrier operation, the support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology
Rel-16
For Rel-16 RAN1 UE features, most of them are stable now. However, some of them still have the potential ambiguity issue in case of cross-carrier operation.
Below we collect these Rel-16 RAN1 UE features with this potential ambiguity issue, which is not an exhaustive list yet and some more check may be needed. The detailed description of each UE feature can be found in the Appendix.
URLLC
11-7a	UL cancelation scheme for cross-carrier
11-7b	Independent cancellation of the overlapping PUSCHs in an intra-band UL CA
11-9a	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell

IIoT
12-2a	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

TEI
14-7	New capability for beamSwitchTiming values of 224 and 336

eMIMO
16-2a-2	Out-of-order operation for DL
16-2a-3	Out-of-order operation for UL
16-2b-2	Single-DCI based FDMSchemeA
16-2b-3	Single-DCI based FDMSchemeB
16-2b-3a	Single-DCI based FDMSchemeB CW soft combining
16-2b-4	Single-DCI based TDMSchemeA
16-2b-5	Single-DCI based inter-slot TDM

MRDC/CA
18-5c	Processing up to X unicast DCI scheduling for DL per scheduled CC
18-5d	Processing up to X unicast DCI scheduling for UL per scheduled CC

As cross-carrier operation is enhanced in Rel-16 MRDC/CA WI and may be further enhanced in Rel-17 DSS WI, the typical scenario of cross-carrier operation is emerging, e.g., FR1 cross-carrier schedules FR2. In order to avoid potential backward compatibility issue, it is suggested to discuss this issue earlier rather than later.  If this issue is discussed later, companies may tend to agree on the most conservative option which imposes great restrictions on testing and implementation.  To facilitate the implementation and deployment of cross-carrier operation, we propose RAN to resolve this ambiguity issue if time allows in RAN#89e.  Otherwise, RAN shall at least task WG to discuss and address this ambiguity issue in next WG meeting.
Proposal 3: RAN tries to resolve the ambiguity issue of Rel-16 UE features related to cross-carrier operation in RAN#89e. Otherwise, RAN tasks WG to discuss and resolve this issue in next WG meeting. 

Conclusion
In this contribution, we present discussion and analysis on Rel-15 and Rel-16 UE features with potential ambiguity issue in case of cross-carrier scheduling. The following proposals are made.
Proposal 1: RAN discusses the remaining Rel-15 UE features with potential ambiguity issue in case of cross-carrier operation in this plenary.
Proposal 2: Regarding the interpretation of UE capabilities in case of cross-carrier operation, the support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· ue-SpecificUL-DL-Assignment
· bwp-DiffNumerology / bwp-SameNumerology
Proposal 3: RAN tries to resolve the ambiguity issue of Rel-16 UE features related to cross-carrier operation in RAN#89e. Otherwise, RAN tasks WG to discuss and resolve this issue in next WG meeting.
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Appendix
URLLC
	11. 
NR_L1enh_URLLC
	11-7b
	Independent cancellation of the overlapping PUSCHs in an intra-band UL CA
	1. For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, and if the PUSCH on at least one serving cell is cancelled, the UE may cancel the (repetition of the) PUSCHs transmission on all other intra-band serving cell(s). The cancellation of the (repetition of the) PUSCH transmission on a the set of intra-band serving cell(s) includes all symbols from the earliest symbol that is overlapping with the first cancelled symbol of the PUSCH on the serving cell for which the DCI format 2_4 is applicable to.
	6-23, 11-7 
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	If UE indicates 6-23 but does not support this FG, UE is not expected to be scheduled simultaneous PUSCHs on multiple carriers but receiving UL CI only for subset of carriers in intra-band carriers
	Optional with capability signaling




	11. 
NR_L1enh_URLLC
	11-7a
	UL cancelation scheme for cross-carrier
	1. Supports group common DCI (i.e. DCI format 2_4) for cancelation indication on a different DL CC than that scheduling PUSCH or SRS
2. UL cancelation for PUSCH 
· Cancellation is applied to each PUSCH repetition individually in case of PUSCH repetitions  
3. UL cancelation for SRS symbols that overlap with the cancelled symbols 

	
	Yes
	N/A
	
	Per FS

Per FS is selected because the FG is very demanding in UE processing, considering that this can be a UE with processing capability 1 but required to be able to cancel according to processing capability 2, and hence it is important to take into account the BC information for dimensioning purpose
	N/A
	N/A
	N/A 
	More than one monitoring occasion for DCI format 2_4 per slot is applied only if the UE reports to support FG 3-5 or FG 3-5a or FG 3-5b or 11-2 or 11-2a

	Optional with capability signalling



	11. 
NR_L1enh_URLLC
	11-9a
	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell
	1. M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
• Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
• In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
	11-9
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling




IIoT
	12. NR_IIOT
	12-2a
	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
	1) M<=4 bits indication in the Release DCI is used for indicating which SPS configuration(s) is/are released, where the association between each state indicated by the indication and the SPS configuration(s) is
• Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple SPS configurations to be released
• In case of no higher layer configured state(s), separate release is used where the release corresponds to the SPS configuration index indicated by the indication
2) The related HARQ-ACK enhancements to support joint release
	12-2 

	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	




TEI
	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.
	Optional with capability signaling




eMIMO
	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	Yes
	N/A
	
	Per band
	No
	No
	
	
	Optional with capability signalling

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Yes
	N/A
	
	Per band
	No
	No
	
	Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”
	Optional with capability signalling



	16-2b-2
	Single-DCI based FDMSchemeA
	Support of single-DCI based FDMSchemeA

	
	Yes
	N/A
	
	Per band
	No
	No
	
	
	Optional with capability signaling

	16-2b-3
	Single-DCI based FDMSchemeB
	Support of single-DCI based FDMSchemeB
	
	Yes
	N/A
	
	 per FSPC
	No
	No
	
	
	Optional with capability signaling

	16-2b-3a
	Single-DCI based FDMSchemeB CW soft combining
	1. For FDMSchemeB, Support CW soft combining that UE can support
	16-2b-3
	Yes
	N/A
	
	per band
	No
	No
	
	
	Optional with capability signaling

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of single-DCI based TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	
	Yes
	N/A
	
	Per band
	No
	No
	
	[bookmark: _Hlk42696063]Component 2 candidate values {3, 5, 10, 20, no restriction} KByte

	Optional with capability signaling

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of single-DCI based inter-slot TDM
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size 
4.  Maximum number of TCI states
	
	Yes
	N/A
	
	Per band
	No
	No
	
	Component 2 candidate values: {{2,3,4,5,6,7,8,16}}

Component 3 candidate values {{3, 5, 10, 20, no restriction} KByte }

Component 4 candidate values: {1,2}
	Optional with capability signaling





MRDC/CA
	18. MR-DC/CA enhancement
	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

	18-5b
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1
	Optional with capability signalling





