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Discussion
Scope
Proposals related to the scope of the work
	[3]
	Proposal 7: Clarify whether the issues related to cross-carrier aperiodic CSI-RS triggering with different numerologies are in the scope of this WID. 

	[4]
	Proposal #2: For PUSCH cross-carrier scheduling with different numerologies, further study is needed.

	[bookmark: _Hlk1833176][6]
	Proposal 1: Support cross-carrier scheduling with a scheduling cell having smaller/larger SCS that a scheduled cell. 

	[11]
	Proposal 4: Prioritize the case of scheduling cell with a smaller SCS than the scheduled cell.

	[13]
	Proposal 1: To discuss whether the processing time requirement for different numerologies are revisited or not i.e. based on lower SCS or not.

	[15]
	Proposal 1: Support for cross-carrier scheduling with different numerologies can be prioritized as follows:
· The feature for carriers with small SCS cross-scheduling large SCS is prioritized and supported in Rel-16. 
· The feature for carriers with large SCS cross-scheduling small SCS can be supported in Rel-16 if the additional complexity and specification effort is small. Restrictions on the supported scenarios (e.g. SCS ratio) should be considered.



Questons raised:
· Support for PUSCH cross-carrier scheduling with different numerologies?
· Support for cross-carrier A-CSI triggering with different numerologies?
· Prioritize the case where scheduling cell has smaller SCS than scheduled cell?
· Revisit UE processing time requirement, i.e. whether the processing time is based on lower SCS or not?


Timing
Proposals related to timing
	[1]
	Proposal 3: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH starting earlier than the ending time of PDCCH processing.

	[2]
	Proposal 3: A UE is not expected to receive a Type-B PDSCH, if the delta between the first symbol of the PDSCH and the first symbol of the PDCCH scheduling the PDSCH is less than N0 symbols.
Proposal 4: A UE is not expected to receive a Type-A PDSCH, if the delta between the first symbol of the scheduling PDCCH and the first symbol of the PDSCH or the Type-A DMRS, is less than N0 symbols.

	[3]
	Proposal 3: For both type A and type B PDSCH, PDSCH may NOT start earlier in time than the PDCCH starts (i.e., Alt 2) in case of cross-carrier scheduling where the SCS of scheduling cell is smaller than that of scheduled cell.

	[4]
	Proposal #1: For the case of scheduling cell of lower SCS and scheduled cell of higher SCS downlink, define the minimal time difference between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH in terms of OFDM symbols based on the subcarrier spacing of the scheduled PDSCH at the transmitter side, e.g. N0.
· N0 = -2 OFDM symbols

	[5]
	Proposal 1: PDSCH should at least not start earlier than the first symbols of the scheduling PDCCH.
Proposal 2: K0 on the scheduled cell should be reinterpreted based on the starting symbol of PDCCH, the numerology of both scheduling cell and scheduled cell.
Proposal 3: For a UE with limited buffer size, the UE is not expected to receive a scheduled PDSCH with starting symbol before the first symbol following the corresponding PDCCH if the SCS of the scheduling CC is smaller than the SCS of the scheduled CC.

	[8]
	Proposal-1: Minimum  is determined implicitly based on the position of the monitoring occasion within the slot that carries the PDCCH scheduling the PDSCH
Proposal-7: Consider using the scheduled cell SCS as the source for minimum K1 and K2 if the BD/CCE processing requirement is kept the same as in self-scheduling case.

	[9]
	For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0




	[10]
	Proposal 1: When scheduling cell is of a lower SCS than the scheduled cell SCS, derive the first PDSCH symbol based on the first or last PDCCH symbol. 
Proposal 2: When scheduling cell is of a lower SCS than the scheduled cell SCS, 
· For Type A PDSCH, PDSCH must start LATER in time than the PDCCH ends.
· How much later is configurable.
· For Type B PDSCH, PDSCH may start EARLIER in time than the PDCCH ends, but must start LATER in time than the PDCCH starts.

	[11]
	Proposal 1.	Use PDCCH end symbol as the possible start point of PDSCH.
Proposal 2.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH are within the first three symbols of PDSCH slot, PDSCH mapping type A can be scheduled
Proposal 3.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH should be earlier than scheduled first symbol of PDSCH.

	[14]
	If a UE is configured with CIF, and if numerology of the scheduling cell is different from that of the scheduled cell, the UE is not expected to receive a PDSCH if the corresponding PDCCH DCI indicates k0<X.
· X depends on the numerology of the scheduling cell and the scheduled cell

	[15]
	Proposal 2: The timing of the end of the last symbol of the scheduling PDCCH should be used as the reference for determining the timing of the first possible PDSCH starting point.
Proposal 3: Use Alt-6 in feature lead’s summary (R1-1901458) as the starting point for discussion: “PDSCH must start LATER in time than the PDCCH ends”. Further discuss “how much later”.
Proposal 4: A minimum DL scheduling offset should be introduced for Rel-16 to address the buffering and causality issues with cross-carrier scheduling with different numerologies.
Proposal 5: Timing determination for A-CSI-RS relative to the triggering grant can be a function of the configured A-CSI triggering offset and the minimum DL scheduling offset.
Proposal 6: For cross-carrier scheduling with CIF, a necessary condition for determination of the minimum DL scheduling offset is that the end of the PDCCH symbol on the scheduling carrier is before the start of the corresponding PDSCH (or A-CSI-RS) on the scheduled carrier.
Proposal 7: UE shall report the minimum DL scheduling offset that it can support in UE capability.



PDCCH-to-PDSCH timing
The following solution categories summarize the proposals for the earliest start:
· After the end of the last PDCCH symbol: Oppo (Type A), Spreadtrum, CATT
· After the end of the last PDCCH + positive delta: HW, Oppo, Qualcomm, Apple (Ericsson, Intel)
· After the end of the last PDCCH symbol + negative delta: MTek
· At the start of the first PDCCH symbol + positive delta: Vivo, Oppo (Type B)
· At the start of the first PDCCH symbol: ZTE, CATT
· Minimum K0>0, Intel, Ericsson, Qualcomm (assuming scheduling from the beginning of the slot)
· Same timeline as with self-scheduled carrier: Nokia
· Differentiate typeA and typeB scheduling, Oppo, Vivo, Nokia
· Minimum scheduling offset a UE capability: Qualcomm, Vivo
Feature lead proposal: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point is defined by the end of the PDCCH + a positive delta, where delta is a function of the PDCCH and/or PDSCH SCSs.

PDSCH-to-HARQ-ACK timing
· Same timeline as with self-scheduled carrier: Nokia
PDCCH-to-PUSCH timing
· Same timeline as with self-scheduled carrier: Nokia

BD/CCE limits
Proposals related to the BD/CCE limits
	[1]
	Proposal 1: For Case 6-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T<4 or y>T): 
· The limit of BDs/CCEs of a scheduling cell per slot is (the number of DL cells schedulable by the scheduling cell) * (the limit of BDs/CCEs for non-CA case with the numerology of the active DL BWP of the scheduling cell).
· The limit of BDs/CCEs of the scheduling cell that is split to each DL cell is subject to the limit of BDs/CCEs per slot per cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.
Proposal 2: For Case 7-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T > 4 and y < T): 
· If a UE is configured with  DL cells with active DL BWPs having numerology j, j=0,…,3,  the total limit of BDs/CCEs across scheduling cell(s) with active DL BWP having numerology i is given by Floor per slot of numerology i, where  is the number of cells schedulable by the scheduling cell(s), and  and  are the limit of BDs and CCEs per slot of numerology i for non-CA case.
· The total limit of BDs/CCEs of scheduling cell(s) with active DL BWP having the same numerology can be split across DL cells schedulable by the scheduling cell(s), with the limit for each DL cell subject to that of BDs/CCEs of each cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

	[2]
	Proposal 1: In the case of cross-carrier scheduling with different numerologies on the scheduling and the scheduled cells,
1) the BD/CCE limits is determined by min {per-CC limit, per-numerology limit}, i.e. same as self-scheduling case or cross-carrier scheduling with same numerology case,
2) the total number of BD/CCE for each scheduling cell is then given by formula (1).

	[3]
	Proposal 1: To determine the SCS of a specific cell in case of cross-carrier scheduling with different numerologies,
· For activated cell, the SCS is the SCS of active DL BWP of the activated cell.
· For deactivated cell, the SCS is the SCS of the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell.
Proposal 2: For cross-carrier scheduling with mixed numerologies, 
· If the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T,
· If there are N scheduling cells where the numerology of the nth scheduling cell is (n) with n=1~N and (n)=0~3, and the nth scheduling cell has Xi(n) schedulable DL cells with numerology i where i=0~3, the limit of BDs/CCEs of the nth scheduling CC per slot is given by , where Mi and Ni denote the limit of BDs and CCEs per slot for non-CA case for numerology i, respectively.
· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T,
· If there are N scheduling cells where the numerology of the nth scheduling cell is (n) with n=1~N and (n)=0~3, and the nth scheduling cell has Xi(n) schedulable DL cells with numerology i where i=0~3, the limit of BDs/CCEs of the nth scheduling CC per slot is given by , where Mi and Ni denote the limit of BDs and CCEs per slot for non-CA case for numerology i, respectively.
The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC.

	[5]
	Proposal 4: The number of BD/CCE for each scheduled cell should be determined by the numerology related to scheduled cell.
Proposal 5: The total number of BDs/CCEs on scheduling cell should be calculated within a slot determined by the smallest SCS among all the configured cells. It depends on gNB to distribute the total number of BDs/CCEs among monitoring occasions on the scheduling cell.

	[6]
	Proposal 4: The CA limit of BDs/CCEs for a group of CCs configured with cross-carrier scheduling with different numerologies μ is determined by

.
When the group of cells configured with cross-carrier scheduling and the group of cells configured with self-carrier scheduling co-exist, the CA limit of BDs/CCEs for a group of cells configured with self-carrier scheduling is determined by


For the scheduled cell configured with cross-carrier scheduling, the non-CA limit of BDs/CCEs is determined by 



	[8]
	Proposal-2: Adopt the following TP to support cross-carrier cross-numerology scheduling, if BD/CCE limits are determined based on scheduled cell.  
· Type-A-rule-updated: The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received at least partially in the same slot and was not contained within the first three symbols of the PDSCH slot. 
· Type-B-rule-updated: The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol  than the first symbol indicated in the PDSCH time domain resource allocation or if the last symbol of the PDCCH scheduling the PDSCH was received later than third symbol indicated in the PDSCH time domain resource allocation.
Proposal-3: The SCS to use in determination of the Threshold-Sched-Offset is based on the scheduled cell SCS as follows:
…the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold Threshold-Sched-Offset determined by the subcarrier spacing of the scheduled PDSCH.
Proposal-4: For determination of BD and CCE limits in CA with cross-carrier scheduling and mixed numerology, the BD/CCE limit of cross-scheduled serving cell is determined based on limit of the active SCS of scheduled serving cell active BWP and applied to scheduling cell slot. 
· As an example, for a cell with 60kHz SCS scheduled from 15kHz SCS scheduling cell, a BD resp. CCE limit on scheduling cell would be 22BD resp. 44 CCE  
· Note: the P(S)cell cannot be cross-scheduled

	[9]
	· For the case of cross-carrier scheduling with difference numerologies, the total number of BD allocated for CG  over a slot of scheduling CC is given by: 


· For the case of cross-carrier scheduling with difference numerologies, the total limit of CCEs allocated for CG  over a slot of scheduling CC is given by: 


	[10]
	Proposal 4: For cross-carrier scheduling with different numerologies (Case 6 and 7), two options can be considered:
· Opt.1: The number limit of BDs/CCEs for a scheduled CC is determined based on the numerology of the scheduling CC.
· Opt.2: The number limit of BDs/CCEs for a scheduled CC is determined based on the minimum SCS between the scheduling and scheduled CCs.
Proposal 5: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.

	[11]
	Proposal 5.	Support Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.

	[12]
	Proposal 1:
· Support BD/CCE limit for CA with different numerologies between scheduling cell and scheduled cell(s) with keeping the current framework of BD/CCE limit for CA.
· Change the definition of  to “the number of configured DL-CCs whose scheduling cell is with DL BWPs having SCS configuration ”.

	[13]
	Proposal 2: If no change of the processing time requirement for different numerologies is applied, for cross-carrier scheduling with different numerologies, and different numerologies between scheduling cell and scheduled cell, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
· For both cases, μ and slot length for the limit are based on the lowest SCS among CCs schedulable by the scheduling CC.

	[14]
	For cross-carrier scheduling with different numerologies with BD/CCE capability Y for a frequency range, the limit of BDs/CCEs per slot of the scheduling CC(s) (with numerology j) belonging to the frequency range for scheduled CC(s) with numerology is given by 
· , if  is less than or equal to 4 or is less than or equal to Y,
· , if  is greater than Y,
where 
·  is the number of configured CCs that are schedulable from that frequency range
·  is the numerology of the scheduling CC(s), 
·  is the numerology of the scheduled CC(s), 
·  denotes the limit of BDs/CCEs for non-CA case for numerology , 
·  is the number of CCs with numerology  that are schedulable from the scheduling CCs with numerology j 

	[15]
	Proposal 9: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, calculate numbers X0, X1, X2, X3 and the corresponding T= X0 + X1 + X2 + X3 where Xi denotes the total number of CCs that are scheduled by CCs that have numerology i. For numerology i, the maximum total number of (BDs or CCEs) for these Xi CCs that the UE needs to process is given by 
· Floor{Xi / T * (Mi or Ni) * y} per slot of numerology i, if T is > 4 and the UE reports a BD capability y < T
· Xi*(Mi or Ni) per slot of numerology i,  if T is <= 4 or the UE reports a BD capability y >= T 
· Where Mi and Ni represent the number of BDs and CCEs per slot of numerology i specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration.
Proposal 10: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, the number of BDs/CCEs of PDCCH candidates associated with each CC is counted separately for CCs without considering overlap between PDCCH candidates that are associated with different CCs. 
· The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for non-CA case.
· The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for the numerology group associated with the numerology of the PCell or PSCell.
Proposal 11: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit.
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells in the set of Xi CCs does not exceed the per numerology group limit for numerology i.



The alternatives as outlined in RAN1#94:
· Alt.1: The limit of BDs/CCEs forof the scheduleding CC is determined based on the numerology of the scheduling CC.
· Alt.2: The limit of BDs/CCEs forof the scheduleding CC is determined based on the combinations of numerologies for {scheduling CC, scheduled CC}.
· Alt.3: The limit of BDs/CCEs forof the scheduleding CC is determined based on a specific reference numerology regardless of the exactly used numerology for scheduling CC or scheduled CC.
Based on the submitted contributions, the following landscape can be formed:
· Alt1: Huawei/HiSilicon, Spreadtrum, Oppo, Docomo, Qualcomm
· Alt2: Nokia, Vivo, Oppo, ZTE, CATT, Samsung, Ericsson, Intel, Panasonic
· Alt3: Huawei

Feature lead proposal: Select between Alt1 and Alt2, decision may need to be done together with decision in section 2.2

Support for contiguous data transmission
Proposals related to how to support contiguous data transmission when scheduling from lower to higher SCS
	[1]
	Proposal 4: UE reports the supported maximum number of valid DCIs within the same span in R16.
Proposal 5: A DCI scheduling one TB across multiple slots can be considered for cross-carrier scheduling.

	[2]
	Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell.

	[5]
	Proposal 6: In case scheduling cell has a smaller SCS than that of scheduled cell, using a single DCI on scheduling cell to schedule data transmission throughout slots on scheduled cell.
Proposal 7: The payload size of the new DCI format should be same as one of the current DCI format. Further study the new DCI format content, e.g. contains per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer.

	[6]
	Proposal 2: Consider multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell.

	[7]
	Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.
Proposal 2. Support of multi-slot scheduling can be considered when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Proposal 3. Additional N bits in DCI are needed together with the slot offset to indicate the multi-slot scheduling state.

	[8]
	Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.

	[10]
	Proposal 6: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

	[14]
	Proposal 4: For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.



Solution categories proposed:
· Alt 1: Increase number of valid unicast DCIs per slot
· Alt2: Specify DCI format to schedule one or more PDSCH(s) in multiple slots 

QCL aspects
Proposals related to QCL aspects:
	[2]
	Proposal 5: For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

	[3][4]
	Proposal 4: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
Proposal 5: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 6: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.

	[12]
	Consider to resolve restrictive aspects of cross-carrier scheduling with different numerologies.
E.g., consider to enable cross-carrier scheduling without tci-PresentInDCI.

	[14]
	Proposal 3: For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

	[15]
	Proposal 8: For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET.
· A dummy CORESET can be realized by associating a search space to a CORESET wherein the total number of PDCCH candidates that are monitored in the CORESET is set to zero.

	[16]
	Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier
· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for the CORESET associated with cross-carrier scheduling. When ‘tci-PresentInDCI’ is not configured for the CORESET, a default beam follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 



Question to address: Is beam indicator enhancement for cross-carrier scheduling is within the scope of the WID. 

Other aspects
	[1]
	Proposal 6: Cross-carrier triggering PDCCH order is supported.

	[2]
	Proposal 6: Rel-16 supports aperiodic CSI reports based on aperiodic CSI-RS resources with different numerology from that of the triggering DCI.
Proposal 7: For AP-CSI-RS triggered by PDCCH with different numerology, the threshold can be determined based on the SCS of the cell where the CSI-RS is configured. The UE does not expect the scheduling offset is smaller than the threshold.

	[6]
	Proposal 3: If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the multiple DCI formats.
Proposal 5: Include search space sets for scheduled cell in the configured search space sets of the scheduling cell.

	[8]
	Proposal-8: Adopt the following update of TYPE-1 CB to improve scheduling efficiency with dynamic BWP switching 
	 ……..


Set  – index of row in set 




if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
continue;
else 

while  



if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and PDSCH allocation corresponding to r is at least partially before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell,  or                                             ………



Proposal-9: Adopt draft CR in [3] to fix the cross-numerology issues of TYPE-1 semi-static CB in R15 or R16.
Proposal-10: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 

	[10]
	Proposal 3: When scheduling cell is of a lower SCS than the scheduled cell SCS, different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.
· FFS: How to determine PDSCH type before decoding DCI.

	[12]
	Proposal 2:
· Enable cross-carrier deactivation of SPS/configured grant.
· Opt.1: Support deactivation of SPS/configured grant by DCI format 0_1/1_1.
· Opt.2: DCI format 0_0/1_0 indicating deactivation of SPS/configured grant on a serving cell deactivates SPS/configured grant on all the scheduled cells.



Topics for discussion:
· Support for cross-carrier A-CSI triggering with different numerologies
· the threshold can be determined based on the SCS of the cell where the CSI-RS is configured. 
· The UE does not expect the scheduling offset is smaller than the threshold.
· Support for cross-carrier triggering PDCCH order
· Enable cross carrier deactivation of SPS/configured grant
· HARQ-ACK codebook determination when multiple PDSCH slots map to the same slot carrying the HARQ-ACK
· Define different TDRA tables for Type A and Type B PDSCH scheduling
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Annex – Proposals and observations
[1]	R1-1901580	Discussion on NR CA for cross-carrier scheduling with different numerologies	Huawei, HiSilicon
Observation 1: The number of valid DCIs in R15 UE feature can support most cases of cross-carrier scheduling with smaller SCS.
Proposal 1: For Case 6-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T<4 or y>T): 
· The limit of BDs/CCEs of a scheduling cell per slot is (the number of DL cells schedulable by the scheduling cell) * (the limit of BDs/CCEs for non-CA case with the numerology of the active DL BWP of the scheduling cell).
· The limit of BDs/CCEs of the scheduling cell that is split to each DL cell is subject to the limit of BDs/CCEs per slot per cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

Proposal 2: For Case 7-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T > 4 and y < T): 
· If a UE is configured with  DL cells with active DL BWPs having numerology j, j=0,…,3,  the total limit of BDs/CCEs across scheduling cell(s) with active DL BWP having numerology i is given by Floor per slot of numerology i, where  is the number of cells schedulable by the scheduling cell(s), and  and  are the limit of BDs and CCEs per slot of numerology i for non-CA case.
· The total limit of BDs/CCEs of scheduling cell(s) with active DL BWP having the same numerology can be split across DL cells schedulable by the scheduling cell(s), with the limit for each DL cell subject to that of BDs/CCEs of each cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

Proposal 3: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH starting earlier than the ending time of PDCCH processing.
Proposal 4: UE reports the supported maximum number of valid DCIs within the same span in R16.
Proposal 5: A DCI scheduling one TB across multiple slots can be considered for cross-carrier scheduling.
Proposal 6: Cross-carrier triggering PDCCH order is supported.

[2]	R1-1901720	Cross-carrier scheduling with different numerologies	vivo
Observation 1: It is desirable that the introduction of support of mix numerologies does not impose significant implementation complexity to the UE, compared with the same numerology case.
Observation 2: For each scheduled cell, the BD/CCE limit is identical between self-scheduling and cross-carrier scheduling with same numerology on the scheduling and scheduled cells.
Observation 3: If the limit of BDs/CCEs were determined based on the numerology of the scheduling CC, 
1) the total number of BD/CCE required in a subframe would be increased; 
2) the backward incompatibility issue should be considered.
Observation 4: Support of multi-slot scheduling may either have difficulty in DCI design, or introduce processing complexity of UE implementation.
Based on these observations, we propose that,
Proposal 1: In the case of cross-carrier scheduling with different numerologies on the scheduling and the scheduled cells,
1) the BD/CCE limits is determined by min {per-CC limit, per-numerology limit}, i.e. same as self-scheduling case or cross-carrier scheduling with same numerology case,
2) the total number of BD/CCE for each scheduling cell is then given by formula (1).
Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell.
Proposal 3: A UE is not expected to receive a Type-B PDSCH, if the delta between the first symbol of the PDSCH and the first symbol of the PDCCH scheduling the PDSCH is less than N0 symbols.
Proposal 4: A UE is not expected to receive a Type-A PDSCH, if the delta between the first symbol of the scheduling PDCCH and the first symbol of the PDSCH or the Type-A DMRS, is less than N0 symbols.
Proposal 5: For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Proposal 6: Rel-16 supports aperiodic CSI reports based on aperiodic CSI-RS resources with different numerology from that of the triggering DCI.
Proposal 7: For AP-CSI-RS triggered by PDCCH with different numerology, the threshold can be determined based on the SCS of the cell where the CSI-RS is configured. The UE does not expect the scheduling offset is smaller than the threshold. 

[3]	R1-1901777	Discussion on cross-carrier scheduling with different numerologies	ZTE
Observation 1: The UE supporting UE capability 3-5b is capable of supporting cross-carrier scheduling with mixed numerologies in Rel-16 regarding the valid number of DCIs per slot.
Proposal 1: To determine the SCS of a specific cell in case of cross-carrier scheduling with different numerologies,
· For activated cell, the SCS is the SCS of active DL BWP of the activated cell.
· For deactivated cell, the SCS is the SCS of the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell.
Proposal 2: For cross-carrier scheduling with mixed numerologies, 
· If the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T,
· If there are N scheduling cells where the numerology of the nth scheduling cell is (n) with n=1~N and (n)=0~3, and the nth scheduling cell has Xi(n) schedulable DL cells with numerology i where i=0~3, the limit of BDs/CCEs of the nth scheduling CC per slot is given by , where Mi and Ni denote the limit of BDs and CCEs per slot for non-CA case for numerology i, respectively.
· The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T,
· If there are N scheduling cells where the numerology of the nth scheduling cell is (n) with n=1~N and (n)=0~3, and the nth scheduling cell has Xi(n) schedulable DL cells with numerology i where i=0~3, the limit of BDs/CCEs of the nth scheduling CC per slot is given by , where Mi and Ni denote the limit of BDs and CCEs per slot for non-CA case for numerology i, respectively.
The total limit of BDs/CCEs can be split across schedulable CCs for the same scheduling CC, subject to the non-CA limit on each CC.
Proposal 3: For both type A and type B PDSCH, PDSCH may NOT start earlier in time than the PDCCH starts (i.e., Alt 2) in case of cross-carrier scheduling where the SCS of scheduling cell is smaller than that of scheduled cell.
Proposal 4: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
Proposal 5: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 6: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.
Proposal 7: Clarify whether the issues related to cross-carrier aperiodic CSI-RS triggering with different numerologies are in the scope of this WID. 

[4]	R1-1901808	On timing relationship for cross-carrier scheduling with different numerologies	MediaTek Inc.
Proposal #1: For the case of scheduling cell of lower SCS and scheduled cell of higher SCS downlink, define the minimal time difference between the end of scheduling PDCCH and the starting of the corresponding scheduled PDSCH in terms of OFDM symbols based on the subcarrier spacing of the scheduled PDSCH at the transmitter side, e.g. N0.
· N0 = -2 OFDM symbols
Proposal #2: For PUSCH cross-carrier scheduling with different numerologies, further study is needed.

[5]	R1-1901987	Discussion on cross-carrier scheduling with different numerologies	CATT
Observation: For cross-carrier scheduling with mixed numerology, the total number of BD/CCEs within a slot determined by the smallest SCS among all the serving cells is same as that of cross-carrier scheduling with same numerology, if it is determined by the scheduled cell.
Proposal 1: PDSCH should at least not start earlier than the first symbols of the scheduling PDCCH.
Proposal 2: K0 on the scheduled cell should be reinterpreted based on the starting symbol of PDCCH, the numerology of both scheduling cell and scheduled cell.
Proposal 3: For a UE with limited buffer size, the UE is not expected to receive a scheduled PDSCH with starting symbol before the first symbol following the corresponding PDCCH if the SCS of the scheduling CC is smaller than the SCS of the scheduled CC.
Proposal 4: The number of BD/CCE for each scheduled cell should be determined by the numerology related to scheduled cell.
Proposal 5: The total number of BDs/CCEs on scheduling cell should be calculated within a slot determined by the smallest SCS among all the configured cells. It depends on gNB to distribute the total number of BDs/CCEs among monitoring occasions on the scheduling cell.
Proposal 6: In case scheduling cell has a smaller SCS than that of scheduled cell, using a single DCI on scheduling cell to schedule data transmission throughout slots on scheduled cell.
Proposal 7: The payload size of the new DCI format should be same as one of the current DCI format. Further study the new DCI format content, e.g. contains per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer.

[6]	R1-1902251	Cross-carrier Scheduling with Different Numerologies	Samsung
Proposal 1: Support cross-carrier scheduling with a scheduling cell having smaller/larger SCS that a scheduled cell. 
Proposal 2: Consider multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell.
Proposal 3: If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the multiple DCI formats.
Proposal 4: The CA limit of BDs/CCEs for a group of CCs configured with cross-carrier scheduling with different numerologies μ is determined by

.
When the group of cells configured with cross-carrier scheduling and the group of cells configured with self-carrier scheduling co-exist, the CA limit of BDs/CCEs for a group of cells configured with self-carrier scheduling is determined by


For the scheduled cell configured with cross-carrier scheduling, the non-CA limit of BDs/CCEs is determined by 


Proposal 5: Include search space sets for scheduled cell in the configured search space sets of the scheduling cell.

[7]	R1-1902345	Discussion on cross-carrier scheduling with different numerologies	CMCC
Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.
Observation: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will cause more control overhead and higher UE power consumption.
Proposal 2. Support of multi-slot scheduling can be considered when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Proposal 3. Additional N bits in DCI are needed together with the slot offset to indicate the multi-slot scheduling state.

[8]	R1-1902427	On cross-carrier scheduling with mixed numerologies	Nokia, Nokia Shanghai Bell
Observation-1: In R15, the reference slot (slot 0) for  and  is the first slot of PDSCH and PUSCH numerology which overlaps with a slot where PDCCH has been transmitted.    
Observation-2: In NR R15, cross-carrier scheduling with the same numerology follows the same time-line as self-scheduling.
Proposal-1: Minimum  is determined implicitly based on the position of the monitoring occasion within the slot that carries the PDCCH scheduling the PDSCH
Proposal-2: Adopt the following TP to support cross-carrier cross-numerology scheduling, if BD/CCE limits are determined based on scheduled cell.  
· Type-A-rule-updated: The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received at least partially in the same slot and was not contained within the first three symbols of the PDSCH slot. 
· Type-B-rule-updated: The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol  than the first symbol indicated in the PDSCH time domain resource allocation or if the last symbol of the PDCCH scheduling the PDSCH was received later than third symbol indicated in the PDSCH time domain resource allocation.
Proposal-3: The SCS to use in determination of the Threshold-Sched-Offset is based on the scheduled cell SCS as follows:
…the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold Threshold-Sched-Offset determined by the subcarrier spacing of the scheduled PDSCH.
Proposal-4: For determination of BD and CCE limits in CA with cross-carrier scheduling and mixed numerology, the BD/CCE limit of cross-scheduled serving cell is determined based on limit of the active SCS of scheduled serving cell active BWP and applied to scheduling cell slot. 
· As an example, for a cell with 60kHz SCS scheduled from 15kHz SCS scheduling cell, a BD resp. CCE limit on scheduling cell would be 22BD resp. 44 CCE  
· Note: the P(S)cell cannot be cross-scheduled

Observation-3: NR R15 UE with basic capability is not capable of decoding more than one DL assignment and one/two (FDD/TDD) UL grants in the single slot, and an UE with advanced capability extends this to two unicast DCIs for FDD as well.  
Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.
Observation-4: Due to the latency increase from always selecting the worst latency SCS of the pair of scheduling and scheduled cell, there is an increase of 1 to 2 HARQ processes in the downlink, and 1 HARQ process in the uplink to the HARQ loop delay.
Observation-5: It should be possible to maintain the same K1 and K2 latency for the scheduled cell regardless of the SCS of the scheduling cell, 
· if the reference point is kept as the end of the PDCCH, and
· The BD/CCE limits are kept the same, i.e. the PDCCH processing requirements are not changed

Proposal-7: Consider using the scheduled cell SCS as the source for minimum K1 and K2 if the BD/CCE processing requirement is kept the same as in self-scheduling case.
Proposal-8: Adopt the following update of TYPE-1 CB to improve scheduling efficiency with dynamic BWP switching 
	 ……..


Set  – index of row in set 




if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
continue;
else 

while  



if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and PDSCH allocation corresponding to r is at least partially before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell,  or                                             ………



Proposal-9: Adopt draft CR in [3] to fix the cross-numerology issues of TYPE-1 semi-static CB in R15 or R16.
Proposal-10: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 

[9]	R1-1902518	On support of cross-carrier scheduling with different numerologies	Intel Corporation
Proposal 1: 
· For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0




Proposal 2: 
· For the case of cross-carrier scheduling with difference numerologies, the total number of BD allocated for CG  over a slot of scheduling CC is given by: 


· For the case of cross-carrier scheduling with difference numerologies, the total limit of CCEs allocated for CG  over a slot of scheduling CC is given by: 



[10]	R1-1902709	On Cross-carrier Scheduling with Different Numerologies	OPPO
Proposal 1: When scheduling cell is of a lower SCS than the scheduled cell SCS, derive the first PDSCH symbol based on the first or last PDCCH symbol. 
Proposal 2: When scheduling cell is of a lower SCS than the scheduled cell SCS, 
· For Type A PDSCH, PDSCH must start LATER in time than the PDCCH ends.
· How much later is configurable.
· For Type B PDSCH, PDSCH may start EARLIER in time than the PDCCH ends, but must start LATER in time than the PDCCH starts.
Proposal 3: When scheduling cell is of a lower SCS than the scheduled cell SCS, different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.
· FFS: How to determine PDSCH type before decoding DCI.
Observation 1: Self-carrier scheduling is more efficient than cross-carrier scheduling in most of CA deployment scenarios. In NR system, the most agreeable deployment scenario for cross-carrier scheduling is that a macro-cell with a lower SCS (e.g. 30kHz) in FR1 schedules a micro-cell with a higher SCS (e.g. 120kHz) in FR2. In this scenario, it is reasonable that the scheduling cell and the scheduled cell have the similar number of BDs/CCEs per 1ms.
Proposal 4: For cross-carrier scheduling with different numerologies (Case 6 and 7), two options can be considered:
· Opt.1: The number limit of BDs/CCEs for a scheduled CC is determined based on the numerology of the scheduling CC.
· Opt.2: The number limit of BDs/CCEs for a scheduled CC is determined based on the minimum SCS between the scheduling and scheduled CCs.
Proposal 5: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.
Proposal 6: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

[11]	R1-1902741	Discussion on cross-carrier scheduling with different numerologies	Spreadtrum Communications
Proposal 1.	Use PDCCH end symbol as the possible start point of PDSCH.
Proposal 2.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH are within the first three symbols of PDSCH slot, PDSCH mapping type A can be scheduled
Proposal 3.	If the end symbol time of PDCCH and PDSCH are in the same slot, and end symbol time of PDCCH should be earlier than scheduled first symbol of PDSCH.
Proposal 4.	Prioritize the case of scheduling cell with a smaller SCS than the scheduled cell.
Proposal 5.	Support Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.

[12]	R1-1902819	Cross-carrier Scheduling with Different Numerologies	NTT DOCOMO, INC.
Proposal 1:
· Support BD/CCE limit for CA with different numerologies between scheduling cell and scheduled cell(s) with keeping the current framework of BD/CCE limit for CA.
· Change the definition of  to “the number of configured DL-CCs whose scheduling cell is with DL BWPs having SCS configuration ”.
Proposal 2:
· Enable cross-carrier deactivation of SPS/configured grant.
· Opt.1: Support deactivation of SPS/configured grant by DCI format 0_1/1_1.
· Opt.2: DCI format 0_0/1_0 indicating deactivation of SPS/configured grant on a serving cell deactivates SPS/configured grant on all the scheduled cells.
· Consider to resolve restrictive aspects of cross-carrier scheduling with different numerologies.
· E.g., consider to enable cross-carrier scheduling without tci-PresentInDCI.

[13]	R1-1902840	BD/CCE limit for cross-carrier scheduling with different numerologies	Panasonic Corporation
Proposal 1: To discuss whether the processing time requirement for different numerologies are revisited or not i.e. based on lower SCS or not.
Proposal 2: If no change of the processing time requirement for different numerologies is applied, for cross-carrier scheduling with different numerologies, and different numerologies between scheduling cell and scheduled cell, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
· For both cases, μ and slot length for the limit are based on the lowest SCS among CCs schedulable by the scheduling CC.

[14]	R1-1902944	Cross-carrier scheduling with different numerologies	Ericsson
Proposal 1
· If a UE is configured with CIF, and if numerology of the scheduling cell is different from that of the scheduled cell, the UE is not expected to receive a PDSCH if the corresponding PDCCH DCI indicates k0<X.
· X depends on the numerology of the scheduling cell and the scheduled cell
Proposal 2
· For cross-carrier scheduling with different numerologies with BD/CCE capability Y for a frequency range, the limit of BDs/CCEs per slot of the scheduling CC(s) (with numerology j) belonging to the frequency range for scheduled CC(s) with numerology is given by 
· , if  is less than or equal to 4 or is less than or equal to Y,
· , if  is greater than Y,
where 
·  is the number of configured CCs that are schedulable from that frequency range
·  is the numerology of the scheduling CC(s), 
·  is the numerology of the scheduled CC(s), 
·  denotes the limit of BDs/CCEs for non-CA case for numerology , 
·  is the number of CCs with numerology  that are schedulable from the scheduling CCs with numerology j 
Proposal 3
· For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

Proposal 4
· For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

[15]	R1-1903026	Cross-Carrier Scheduling with Different Numerologies	Qualcomm Incorporated
Observation 1: Unless the operating bandwidth (e.g. number of RBs for the same SCS) supported on the scheduled carrier is intended to be different between self-scheduling and cross-carrier scheduling mode of operation, the bandwidth of the scheduled carrier is not a direct factor in determining the scheduling restriction for cross-carrier scheduling.
Observation 2: Assuming the PDCCH processing delay is the same between self-scheduling and cross-carrier scheduling, the extra buffering requirement for cross-carrier scheduling is solely dependent on the timing difference for the end of the last symbol of scheduling PDCCH. The start of the scheduling PDCCH symbols is not a direct factor.
Observation 3: BD/CCE limit decision for cross-carrier scheduling may have an impact to the earliest start time for PDSCH.
Observation 4: Even for Type A PDSCH allocation, the memory provisioned for the N symbols where PDCCH and PDSCH potentially frequency-multiplex for the self-scheduling baseline may not be capable to support the full buffering of N PDSCH-only symbols for the cross-carrier scheduling case. As a result, it is practical to assume the earliest starting point of PDSCH should be later than the end of the last PDCCH symbol.
Observation 5: Realistic time margin should be provisioned to take into account UE implementation effects. For example, additional PDCCH processing time delay for cross-carrier scheduling with respect to the self-scheduling baseline.
Observation 6: Adopting Alt-6 “PDSCH must start LATER in time than the PDCCH ends” for cross-carrier scheduling with different numerologies can potentially enable a unified solution for Type A and Type B PDSCH allocation.
Proposal 1: Support for cross-carrier scheduling with different numerologies can be prioritized as follows:
· The feature for carriers with small SCS cross-scheduling large SCS is prioritized and supported in Rel-16.
· The feature for carriers with large SCS cross-scheduling small SCS can be supported in Rel-16 if the additional complexity and specification effort is small. Restrictions on the supported scenarios (e.g. SCS ratio) should be considered.
Proposal 2: The timing of the end of the last symbol of the scheduling PDCCH should be used as the reference for determining the timing of the first possible PDSCH starting point.
Proposal 3: Use Alt-6 in feature lead’s summary (R1-1901458) as the starting point for discussion: “PDSCH must start LATER in time than the PDCCH ends”. Further discuss “how much later”.
Proposal 4: A minimum DL scheduling offset should be introduced for Rel-16 to address the buffering and causality issues with cross-carrier scheduling with different numerologies.
Proposal 5: Timing determination for A-CSI-RS relative to the triggering grant can be a function of the configured A-CSI triggering offset and the minimum DL scheduling offset.
Proposal 6: For cross-carrier scheduling with CIF, a necessary condition for determination of the minimum DL scheduling offset is that the end of the PDCCH symbol on the scheduling carrier is before the start of the corresponding PDSCH (or A-CSI-RS) on the scheduled carrier.
Proposal 7: UE shall report the minimum DL scheduling offset that it can support in UE capability.
Proposal 8: For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET.
· A dummy CORESET can be realized by associating a search space to a CORESET wherein the total number of PDCCH candidates that are monitored in the CORESET is set to zero.
Proposal 9: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, calculate numbers X0, X1, X2, X3 and the corresponding T= X0 + X1 + X2 + X3 where Xi denotes the total number of CCs that are scheduled by CCs that have numerology i. For numerology i, the maximum total number of (BDs or CCEs) for these Xi CCs that the UE needs to process is given by 
· Floor{Xi / T * (Mi or Ni) * y} per slot of numerology i, if T is > 4 and the UE reports a BD capability y < T
· Xi*(Mi or Ni) per slot of numerology i,  if T is <= 4 or the UE reports a BD capability y >= T 
· Where Mi and Ni represent the number of BDs and CCEs per slot of numerology i specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration.
Proposal 10: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, the number of BDs/CCEs of PDCCH candidates associated with each CC is counted separately for CCs without considering overlap between PDCCH candidates that are associated with different CCs. 
· The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for non-CA case.
The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for the numerology group associated with the numerology of the PCell or PSCell.
Proposal 11: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit.
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells in the set of Xi CCs does not exceed the per numerology group limit for numerology i.

[16]	R1-1903048	Cross-carrier scheduling with different numerologies	ASUSTEK COMPUTER (SHANGHAI)
Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  
Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier
· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for the CORESET associated with cross-carrier scheduling. When ‘tci-PresentInDCI’ is not configured for the CORESET, a default beam follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 
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