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Introduction
A-CSI reporting related UE capabilities in carrier aggregation context leave some questions slightly unclear and may require additional clarifications. Specifically the relation of different UE capabilities and the different cases of cross-carrier A-CSI report triggering are not clearly spelled out in any UE capabilities.
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DL only CA, PCell and SCell have the same SCS 
6 different setups for A-CSI reporting for the SCell can be envisaged, characterized by the cell that triggers the A-CSI report as well as the type of CSI-RS used to derive the report:
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Case 1a: 
· PUSCH carrying A-CSI report is self-scheduled
· A-CSI-RS is cross-carrier triggered
	[image: ]
Case 1b/1c: 
· PUSCH carrying A-CSI report is self-scheduled
· 1b: A-CSI report is derived from P-CSI-RS
· 1c: A-CSI report is derived from SP-CSI-RS
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Case 2a: 
· PUSCH carrying A-CSI report is cross-cc-scheduled
· A-CSI-RS is same-carrier triggered
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Case 2b/2c: 
· PUSCH carrying A-CSI report is cross-cc-scheduled
· 2b: A-CSI report is derived from P-CSI-RS
· 2c: A-CSI report is derived from SP-CSI-RS



There is no specific capability defined for PCell DL triggering an SCell A-CSI report on PCell UL regardless of whether the SCell CSI-RS is periodic or aperiodic (cases 1a/1b). If the triggering DCI were on the SCell, then that would require the SCell to schedule the A-CSI-report-carrying PUSCH on the PCell, requiring the UE to support UL cross-carrier scheduling from SCell to PCell (Cases 2a/2b). For cases 1c/2c the UE support for SP-CSI-RS for the SCell is required. That is:
· Case 1a and Case 1b should be understood as mandatory as the SCell is required to mandatorily support A-CSI-RS and P-CSI-RS, and the PUSCH carrying the A-CSI report is self-scheduled
· Case 1c is otherwise the same case 1b, but it needs in addition the UE support for SP-CSI-RS configuration on the SCell.
· Case 2a and Case 2b are conditioned to cross-carrier scheduling of PUSCH, and as an SCell scheduling the PCell is a Rel-17 optional feature these cases require the UE support for crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB
· Case 2c is otherwise the same case 2b, but it needs in addition the UE support for SP-CSI-RS configuration on the SCell.

Observation 1: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, no UE-optional features are needed if the PCell and the SCell have the same SCS, except if the optional SP-CSI-RS is used for the CSI report derivation.
Observation 2: If SCell A-CSI report on PCell PUSCH is triggered by an SCell DCI, and the PCell and the SCell have the same SCS, a Rel-17 optional feature crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB is required, an if the SP-CSI-RS is used for the CSI report derivation then SCell SP-CSI-RS support is also required.

DL only CA, PCell and SCell have a different SCS
Again, 6 different setups for A-CSI reporting for the SCell can be envisaged, characterized by the cell that triggers the A-CSI report as well as the type of CSI-RS used to derive the report:
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Case 3a: 
· PUSCH carrying A-CSI report is self-scheduled
· A-CSI-RS is cross-carrier triggered
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Case 3b/3c: 
· PUSCH carrying A-CSI report is self-scheduled
· 3b: A-CSI report is derived from P-CSI-RS
· 3c: A-CSI report is derived from SP-CSI-RS
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Case 4a: 
· PUSCH carrying A-CSI report is cross-cc-scheduled
· A-CSI-RS is same-carrier triggered
	[image: ]
Case 4b/4c: 
· PUSCH carrying A-CSI report is cross-cc-scheduled
· 4b: A-CSI report is derived from P-CSI-RS
· 4c: A-CSI report is derived from SP-CSI-RS



There is no specific capability defined for PCell DL triggering an SCell A-CSI report on PCell UL if the SCell CSI-RS is periodic or semi-persisten (case 3b/3c), whereas a specific UE capability has been defined for cross-carrier riggering of A-CSI-RS (case 3a). If the triggering DCI were on the SCell, then that would require the SCell to schedule the A-CSI-report-carrying PUSCH on the PCell, requiring the UE to support UL cross-carrier scheduling from SCell to PCell (Cases 4a/4b/4c). In addition, for cases 3c/4c the UE support for SP-CSI-RS for the SCell is required. That is:
· Case 3a should be understood as Rel-16 optional, conditioned to crossCarrierA-CSI-trigDiffSCS because the A-CSI-RS is cross-carrier triggered and the two cells have a different SCS.
· Case 3b should be understood as mandatory as the SCell is required to mandatorily support P-CSI-RS, and the PUSCH carrying the A-CSI report is self-scheduled, while 
· Case 3c is otherwise the same case 3b, but it needs in addition the UE support for SP-CSI-RS configuration on the SCell.
· Cases 4a, 4b and 4c are conditioned to cross-carrier scheduling of PUSCH, and as an SCell scheduling the PCell is a Rel-17 optional feature these cases require the UE support for crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB. Case 4c needs in addition the support for SP-CSI-RS.

Observation 3: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, no UE-optional features are needed if the PCell and the SCell have different SCSs and P-CSI-RS on the SCell is used to derive the CSI report, while support for SP-CSI-RS on the SCell is required if SP-CSI-RS was used instead of P-CSI-RS. 
Observation 4: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, a Rel-16 optional UE feature crossCarrierA-CSI-trigDiffSCS is required if the PCell and the SCell have different SCSs and A-CSI-RS on the SCell is used to derive the CSI report. 
Observation 5: If SCell A-CSI report on PCell PUSCH is triggered by an SCell DCI, and the PCell and the SCell have different SCSs, a Rel-16 optional UE feature crossCarrierSchedulingUL-DiffSCS-r16 is required, and a Rel-17 optional feature crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB is required

Proposals
In order to clarify the cases where the A-CSI triggering DCI is sent on the PCell DL and the A-CSI report is sent on the PCell UL, agree to the following RAN1 conclusion
Proposal 1: RAN1 to conclude the following:
For the case where an SCell A-CSI report is
· Triggered by a DCI on PCell, and 
· The A-CSI report is transmitted on a PUSCH on the PCell 
the following optional UE capabilities are needed for the following cases: 
	SCell CSI-RS
	PCell/SCell SCS
	Optional UE capabilities needed

	A-CSI-RS
	Same
	None (mandatory features only)

	P-CSI-RS
	Same
	None (mandatory features only)

	SP-CSI-RS
	Same
	UE support of SP-CSI-RS configuration

	A-CSI-RS
	Different
	crossCarrierA-CSI-trigDiffSCS

	P-CSI-RS
	Different
	None (mandatory features only)

	SP-CSI-RS
	Different
	UE support of SP-CSI-RS configuration



In order to clarify the cases where the A-CSI triggering DCI is sent on the SCell DL and the A-CSI report is sent on the PCell UL, agree to the following RAN1 conclusion
Proposal 2: RAN1 to conclude the following:
For the case where a an SCell A-CSI report is
· Triggered by a DCI on SCell, and 
· The A-CSI report is transmitted on a PUSCH on the PCell 
the following optional UE capabilities are needed for the following cases: 
	SCell CSI-RS
	PCell/SCell SCS
	Optional UE capabilities needed

	A-CSI-RS
	Same
	crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB

	A-CSI-RS
	Same
	

	SP-CSI-RS
	Same
	One of the above and support for SP-CSI-RS configuration

	A-CSI-RS
	Different
	crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB

	P-CSI-RS
	Different
	

	SP-CSI-RS
	Different
	One of the above and support for SP-CSI-RS configuration




Conclusion
With regard to the UE capabilities needed for the 12 different SCell A-CSI reporting scenarios identified for DL CA with no UL CA the following observations and proposals are made:
Observation 1: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, no UE-optional features are needed if the PCell and the SCell have the same SCS, except if the optional SP-CSI-RS is used for the CSI report derivation.
Observation 2: If SCell A-CSI report on PCell PUSCH is triggered by an SCell DCI, and the PCell and the SCell have the same SCS, a Rel-17 optional feature crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB is required, an if the SP-CSI-RS is used for the CSI report derivation then SCell SP-CSI-RS support is also required.
Observation 3: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, no UE-optional features are needed if the PCell and the SCell have different SCSs and P-CSI-RS on the SCell is used to derive the CSI report, while support for SP-CSI-RS on the SCell is required if SP-CSI-RS was used instead of P-CSI-RS. 
Observation 4: If SCell A-CSI report on PCell PUSCH is triggered by an PCell DCI, a Rel-16 optional UE feature crossCarrierA-CSI-trigDiffSCS is required if the PCell and the SCell have different SCSs and A-CSI-RS on the SCell is used to derive the CSI report. 
Observation 5: If SCell A-CSI report on PCell PUSCH is triggered by an SCell DCI, and the PCell and the SCell have different SCSs, a Rel-16 optional UE feature crossCarrierSchedulingUL-DiffSCS-r16 is required, and a Rel-17 optional feature crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB is required
Proposal 1: RAN1 to conclude the following:
For the case where an SCell A-CSI report is
· Triggered by a DCI on PCell, and 
· The A-CSI report is transmitted on a PUSCH on the PCell 
the following optional UE capabilities are needed for the following cases: 
	SCell CSI-RS
	PCell/SCell SCS
	Optional UE capabilities needed

	A-CSI-RS
	Same
	None (mandatory features only)

	P-CSI-RS
	Same
	None (mandatory features only)

	SP-CSI-RS
	Same
	UE support of SP-CSI-RS configuration

	A-CSI-RS
	Different
	crossCarrierA-CSI-trigDiffSCS

	P-CSI-RS
	Different
	None (mandatory features only)

	SP-CSI-RS
	Different
	UE support of SP-CSI-RS configuration



Proposal 2: RAN1 to conclude the following:
For the case where a an SCell A-CSI report is
· Triggered by a DCI on SCell, and 
· The A-CSI report is transmitted on a PUSCH on the PCell 
the following optional UE capabilities are needed for the following cases: 
	SCell CSI-RS
	PCell/SCell SCS
	Optional UE capabilities needed

	A-CSI-RS
	Same
	crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB

	P-CSI-RS
	Same
	

	SP-CSI-RS
	Same
	One of the above and support for SP-CSI-RS configuration

	A-CSI-RS
	Different
	crossCarrierSchedulingSCell-SpCellTypeA, or crossCarrierSchedulingSCell-SpCellTypeB

	P-CSI-RS
	Different
	

	SP-CSI-RS
	Different
	One of the above and support for SP-CSI-RS configuration
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Annex: Relevant UE capability references [1]

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

	csi-ReportFramework
Indicates whether the UE supports CSI report framework. This capability signalling comprises the following parameters:
-	maxNumberPeriodicCSI-PerBWP-ForCSI-Report indicates the maximum number of periodic CSI report setting per BWP for CSI report;
-	maxNumberPeriodicCSI-PerBWP-ForBeamReport indicates the maximum number of periodic CSI report setting per BWP for beam report.
-	maxNumberAperiodicCSI-PerBWP-ForCSI-Report indicates the maximum number of aperiodic CSI report setting per BWP for CSI report;
-	maxNumberAperiodicCSI-PerBWP-ForBeamReport indicates the maximum number of aperiodic CSI report setting per BWP for beam report;
-	maxNumberAperiodicCSI-triggeringStatePerCC indicates the maximum number of aperiodic CSI triggering states in CSI-AperiodicTriggerStateList per CC;
-	maxNumberSemiPersistentCSI-PerBWP-ForCSI-Report indicates the maximum number of semi-persistent CSI report setting per BWP for CSI report;
-	maxNumberSemiPersistentCSI-PerBWP-ForBeamReport indicates the maximum number of semi-persistent CSI report setting per BWP for beam report;
-	simultaneousCSI-ReportsPerCC indicates the number of CSI report(s) for which the UE can measure and process reference signals simultaneously in a CC of the band for which this capability is provided. The CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types. The CSI report in simultaneousCSI-ReportsPerCC includes the beam report and CSI report.
The UE is mandated to report csi-ReportFramework.
	Band
	Yes
	N/A
	N/A

	crossCarrierA-CSI-trigDiffSCS-r16
Indicates the UE support of handling cross-carrier aperiodic CSI report with aperiodic CSI-RS where triggering PDCCH and triggered CSI-RS resource are on different cells with different SCS. Value higherA-CSI-SCS indicates the UE support of PDCCH cell of lower SCS and CSI RS cell of higher SCS and value lowerA-CSI-SCS indicates the UE support of PDCCH cell of higher SCS and CSI RS cell of lower SCS, and value both indicates the support of both variations. A UE supporting this feature shall also indicate support of CSI-RS and CSI-IM reception for CSI feedback using csi-RS-IM-ReceptionForFeedback
	BC
	No
	N/A
	N/A

	crossCarrierSchedulingUL-DiffSCS-r16
Indicates the UE supports cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in UL carrier aggregation where numerologies for the scheduling CC and scheduled CC are different.

Value low-to-high indicates UE supports scheduling CC of lower SCS to scheduled CC of higher SCS;
Value high-to-low indicates UE supports scheduling CC of higher SCS to scheduled CC of lower SCS;
Value both indicates UE supports both scheduling CC of lower SCS to scheduled CC of higher SCS and scheduling CC of higher SCS to scheduled CC of lower SCS.

NOTE 1:	Following components are applicable to cross carrier scheduling from lower SCS to higher SCS when the UE reports this feature:
-	Processing one unicast DCI scheduling UL per scheduling CC slot per scheduled CC for FDD scheduling CC
-	Processing 2 unicast DCI scheduling UL per scheduling CC slot per scheduled CC for TDD scheduling CC
NOTE 2:	Following components are applicable to cross carrier scheduling from higher SCS to lower SCS when the UE reports this feature:
-	Processing one unicast DCI scheduling UL per N consecutive scheduling CC slot per scheduled CC for FDD scheduling CC
-	Processing 2 unicast DCI scheduling UL per N consecutive scheduling CC slot per scheduled CC for TDD scheduling CC
-	N is based on pair of (scheduling CC SCS, scheduled CC SCS): N=2 for (30,15), (60,30), (120,60) and N=4 for (60,5), (120,30), N = 8 for (120,15)
	BC
	No
	N/A
	N/A

	crossCarrierSchedulingSCell-SpCellTypeB-r17
Indicates whether the UE supports cross-carrier scheduling from SCell configured with cross-carrier scheduling to PCell/PSCell (sSCell) to PCell/PSCell
(Type B). This capability signalling comprises the following parameters:
-	supportedSCS-Combinations-r17 indicates which {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations are supported. For {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations = {(30,30), (30, 60), (60,60)}, the capability also indicates the band pair(s) that are supported. The band-pair is encoded as a bitmap with size L * (L – 1) / 2, and bit N (leftmost bit is indexed as bit 0) is set to "1" if the UE supports cross-carrier scheduling from SCell toPCell/PSCell for the band pair (x, y), where L is the number of band entries in the band combination, x and y are the indices of the band entry in the band combination (the first band entry is indexed as 0), x < y, and N = x*(2*L – x – 1)/2 + y – x – 1.
-	sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and search space sets on PCell/PSCell can be configured so that the UE monitors them in overlapping slot of PCell/PSCell and sSCell.
-	Configuration of scaling factor α for BD and CCE limit handling and PDCCH overbooking handling on P(S)Cell
-	The number of unicast DCI limits for PCell/PSCell scheduling
-	Processing K1 unicast DCI scheduling DL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s)
-	Processing K2 unicast DCI scheduling UL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s)
-	N is based on pair of (PCell/PSCell SCS, sSCell SCS): N=1 for (15,15), (30,30), (60,60) and N=2 for (15,30), (30,60) and N=4 for (15, 60)
-	(K1, K2) = {(1,1) for FDD P(S)Cell; (K1, K2) = (1,2) for TDD P(S)Cell}
-	Same numerology between sSCell and P(S)Cell or sSCell SCS is larger than P(S)Cell SCS.
-	USS set(s) for DCI format 0_1,1_1 configured on sSCell for CCS from sSCell to PCell/PSCell and USS set(s) for DCI format 0_2,1_2 configured on sSCell for CCS from sSCell to PCell/PSCell if UE supports dci-Format1-2And0-2-r16
-	pdcch-MonitoringOccasion-r17 indicates the PDCCH monitoring occasion(s) on sSCell for cross-carrier scheduling to Pcell/PSCell. There are 2 values {val1, val2} where val1 = within the first 3 OFDM symbols of sSCell slot overlapping with the first 3 OFDM symbols of PCell/PSCell slot and val2 = within the first 3 OFDM symbols of any sSCell slot overlapping with a PCell/PSCell slot.
-	Frame boundary alignment between PCell/PSCell and sSCell.

NOTE 1:	A UE supporting this FG does not imply that the UE can be configured with sSCell in shared channel access spectrum.
NOTE 2:	The CCS from sSCell to PCell is applicable to FR1 only but there can be other SCells in FR2 configured for the UE.
NOTE 3:	Parameters in CSI-MeasConfig of P(S)Cell and sSCell are configured such that combination of P(S)Cell and sSCell configurations does not result in exceeding any of the UE's capabilities for A-/SP-CSI reporting on PUSCH on P(S)Cell.
	BC
	No
	N/A
	FR1 only

	crossCarrierSchedulingSCell-SpCellTypeA-r17
Indicates whether the UE supports cross-carrier scheduling from SCell configured with cross-carrier scheduling to PCell/PSCell (sSCell) to PCell/PSCell with search space restrictions (Type A). This capability signalling comprises the following parameters:
-	supportedSCS-Combinations-r17 indicates which {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations are supported. For {PCell/PSCell SCS in kHz, sSCell SCS in kHz} combinations = {(30,30), (30, 60), (60,60)}, the capability also indicates the band pair(s) that are supported. The band-pair is encoded as a bitmap with size L * (L – 1) / 2, and bit N (leftmost bit is indexed as bit 0) is set to "1" if the UE supports cross-carrier scheduling from SCell toPCell/PSCell for band pair (x, y), where L is the number of band entries in the band combination, x and y are the indices of the band entry in the band combination (the first band entry is indexed as 0), x < y, and N = x*(2*L – x – 1)/2 + y – x – 1.
-	Search space restrictions: sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and following search space sets on PCell/PSCell can only be configured such that UE does not monitor them in overlapping slot of PCell/PSCell and sSCell:
-	USS sets for DCI formats 0_1,1_1,0_2,1_2.
-	USS sets for DCI formats 0_0,1_0.
-	Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI.
-	Configuration of scaling factor α for BD and CCE limit handling and PDCCH overbooking handling on P(S)Cell.
-	The number of unicast DCI limits for PCell/PSCell scheduling:
-	Processing K1 unicast DCI scheduling DL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s).
-	Processing K2 unicast DCI scheduling UL on PCell/PSCell per PCell/PSCell slot and its aligned N consecutive sSCell slot(s).
-	N is based on pair of (PCell/PSCell SCS, sSCell SCS): N=1 for (15,15), (30,30), (60,60) and N=2 for (15,30), (30,60) and N=4 for (15, 60).
-	(K1, K2) = {(1,1) for FDD P(S)Cell; (K1, K2) = (1,2) for TDD P(S)Cell}.
-	Same numerology between sSCell and P(S)Cell or sSCell SCS is larger than P(S)Cell SCS.
-	USS set(s) for DCI format 0_1,1_1 configured on sSCell for CCS from sSCell to PCell/PSCell and USS set(s) for DCI format 0_2,1_2 configured on sSCell for CCS from sSCell to PCell/PSCell if UE supports dci-Format1-2And0-2-r16.
-	sSCell USS set(s) (for CCS from sSCell to PCell/PSCell) and Type0/0A/1/2 CSS sets on PCell/PSCell can be configured so that the UE monitors them in overlapping slot of PCell/PSCell and sSCell
-	no simultaneous monitoring between 'USS sets (for P(S)Cell scheduling) on sSCell' and 'Type 0/0A/1/2 CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI'
-	simultaneous monitoring of 'USS sets (for P(S)Cell scheduling) on sSCell' and 'Type 0/0A/1/2 CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI'.
-	pdcch-MonitoringOccasion-r17 indicates the PDCCH monitoring occasion(s) on sSCell for cross-carrier scheduling to PCell/PSCell. There are 2 values {val1, val2} where val1 = within the first 3 OFDM symbols of sSCell slot overlapping with the first 3 OFDM symbols of PCell/PSCell slot and val2 = within the first 3 OFDM symbols of any sSCell slot overlapping with a PCell/PSCell slot.
-	Frame boundary alignment between PCell/PSCell and sSCell.

NOTE 1:	A UE supporting this FG does not imply that the UE can be configured with sSCell in shared channel access spectrum.
NOTE 2:	The CCS from sSCell to PCell is applicable to FR1 only but there can be other SCells in FR2 configured for the UE.
NOTE 3:	Parameters in CSI-MeasConfig of P(S)Cell and sSCell are configured such that combination of P(S)Cell and sSCell configurations does not result in exceeding any of the UE's capabilities for A-/SP-CSI reporting on PUSCH on P(S)Cell.
	BC
	No
	N/A
	FR1 only
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