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Introduction
[bookmark: _Hlk510705081]This document summarizes the contributions Numerologies submitted under agenda-item 7.2.13.6 “7.2.13	Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE, NR) – Others” [2-9]. The objective of this document is to summarise the remaining issues and proposals related to cross-carrier scheduling with different numerologies, but in order to ensure that all topics have a fair chance of being treated, all proposals in all the Tdocs under 7.2.13.6 have been included.
FL summary #2 captures the Tuesday offline discussions
Agreement on email discussion [98-NR-23]
The following agreement was taken in the email discussion:
Agreement:
At least the following two UE capabilities will be introduced
1. Scheduling cell of lower SCS and scheduled cell of higher SCS
1. Scheduling cell of higher SCS and scheduled cell of lower SCS

Proposals to RAN1#98bis
Increased number of DCIs
	ZTE
	Proposal 2: If the maximum number of unicast DCIs per MO is increased, […]

	Hua
	Observation 1: The rule of FG 3-5b can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH.
Proposal 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), supporting using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH)  can be based on R15 FG 3-5b(Alt 1c), where M=<N.

	Nok
	Observation: Using feature 3-5b for low-to-high scheduling blocks the low-SCS carrier from being efficiently usable for data scheduling for any user.
Proposal: Increase the number of valid DCIs per monitoring occasion to 4 per scheduled cell.

	Intel
	Proposal: For the case of a lower SCS cell scheduling a higher SCS cell, Increase the number of valid DCIs per monitoring occasion to [4] per scheduled cell

	Eri
	Proposal 1: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

	MTek
	Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2).
Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.

	QCOM
	Observation 4: Case 2 PDCCH monitoring in multiple spans in a slot is defined in FG 3-5b. It can be used to define the maximum number of unicast DCIs per scheduled cell for cross-carrier scheduling with different numerologies.
Proposal 4: For the case of a lower SCS cell scheduling a higher SCS cell, reuse FG 3-5b framework to define the maximum number of DL or UL unicast DCIs per scheduled cell in a span in a slot on the scheduling cell. If a larger number of DL or UL unicast DCIs per span need to be added for FG 3-5b, it should be an optional support by the UE to process the larger number of DL or UL unicast DCIs.



FL proposal
Scheduling multiple high-SCS carrier slots from a single low-SCS carrier slot:
· Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4: ZTE, Nokia, Intel, Eri, Sam
· Use feature 3-5b: Huawei, MTek, QCOM
· The lowest UE capability supports decoding a maximum of , unicast DCIs in one scheduling cell slot per scheduled cell
· FFS: Maximum of [16] valid unicast DCIs over all the scheduled cells in one scheduling cell.

HARQ-ACK feedback with one scheduling slot corresponding to many scheduled slots
	ZTE
	Proposal 2: […] the count order for DAI is as below:
(1) First in ascending order of PDSCH starting time;
(2) Second in ascending order of serving cell index;
(3) Third in ascending order of MO index.

	Hua
	Proposal 2: CCE index or CORESET ID is introduced to further determine the PMO index.

	Sam
	Proposal 1: Use the counter DAI to order in a HARQ-ACK codebook HARQ-ACK information bits for multiple PDSCH receptions on a cell scheduled by respective multiple DCI formats in a PDCCH MO on a scheduling cell.

	Intel
	Proposal: For the case of a lower SCS cell scheduling a higher SCS cell, Update the HARQ-ACK codebook and PUCCH resource determination to enable HARQ-ACK feedback with multiple DCIs per monitoring occasion

	Eri
	Proposal 2: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.



HARQ-ACK feedback with one scheduling slot scheduling many 
· Count order for DAI
· Use counter DAI to count the DCIs
· CCE index
· CORESET ID
· 
QCL aspects
	ZTE
	Proposal 1: 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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.

	Sam
	Proposal 2: When a PDSCH and its scheduling PDCCH are in different CCs, if the TCI field is present in DCI format 1_1 and the time offset between the reception of DCI format 1_1 and the corresponding PDSCH is smaller than timeDurationForQCL, a UE obtains QCL assumptions other than QCL-TypeD from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Proposal 3: For cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL is defined as offset + X, where X is the value in FG 2-2 based on the SCS for the scheduled cell.

	QCOM
	Observation 1: For cross-carrier scheduling with different numerologies, if the PDSCH beam switch timing threshold is timeDurationForQCL, it can be smaller than the minimum PDCCH-to-PDSCH delay (e.g., ) and therefore smaller than the minimum required time to receive the scheduling PDCCH.
Observation 3: UE cross-carrier scheduling behavior base on the following proposal diverges from UE self-scheduling behavior.
· “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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.”
Proposal 1: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to the self-scheduling beam switch timing threshold based on the scheduled cell’s SCS + an adjustment term based on the scheduling cell’s SCS that accounts for the extra PDCCH processing time due to the numerology difference.
Proposal 2: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to a number of symbols based on the scheduled cell’s SCS and the symbol number is

where  is equal to timeDurationForQCL based on the scheduled cell’s SCS and  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH based on the scheduling cell’s SCS.  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively.  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.



Discuss the following proposals:
· When a PDSCH and its scheduling PDCCH are in different CCs, if the TCI field is present in DCI format 1_1 and the time offset between the DCI and the corresponding PDSCH is smaller than timeDurationForQCL, the UE obtains QCL assumptions other than QCL-TypeD 
1. from the indicated TCI state in DCI for the PDSCH.
2. from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
· For cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL is defined as offset + X, where X is the value in FG 2-2 based on the SCS for the scheduled cell.
· For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to a number of symbols based on the scheduled cell’s SCS and the symbol number is , 
where  is equal to timeDurationForQCL based on the scheduled cell’s SCS and  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH based on the scheduling cell’s SCS.  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively.  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.

Cross carrier SPS/CG-PUSCH
	Sam
	Proposal 5: For SPS PDSCH, a UE can receive a DCI format 1_0 corresponding to SPS PDSCH release on a scheduling cell and releases the SPS PDSCH on a cell where the DL SPS is configured.
Proposal 6: For UL grant Type 2 release on a cell, 3 MSB bits of the TDRA field in DCI format 0_0 validated for UL grant Type 2 release are used for carrier indication field if cross-carrier scheduling is configured for the cell.

	MTek
	Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.
Proposal 4: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.



Discuss the following proposals
DL SPS release
· Scheduling cell SPS release releases all the activated DL SPS
· HARQ-ACK for DL SPS release
· When PDCCH and PDSCH have a different SCS: the last PDSCH slot that overlaps with the PDCCH slot containing the release DCI is used to determine the location of the HARQ-ACK with type-1 codebook
· When PDCCH, PDSCH and PUCCH have different SCS: The last PDSCH slot that overlaps with the PDCCH slot containing the release DCI is the reference slot used to determine PUCCH slot for SPS PDSCH release HARQ-ACK with HARQ-ACK Type-1 codebook
UL configured grant type 2 release
· 3 MSB bits of the TDRA field in DCI format 0_0 validated for UL grant Type 2 release are used for carrier indication field if cross-carrier scheduling is configured for the cell

Cross carrier PDCCH order
	Sam
	Proposal 4: For a cross-carrier scheduled cell, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication.



Discuss the abovementioned proposal

UE capabilities
	MTek
	Proposal 2: Support separating low SCS to high SCS scheduling and high SCS to low SCS scheduling to independent capabilities.

	QCOM
	Proposal 5: UE separately reports whether it supports PDCCH monitoring in multiple spans in a slot on the scheduling cell for the following cases
· Cross-carrier scheduling with same SCS between the scheduling cell and the scheduled cell
· Cross-carrier scheduling where the scheduling cell has a higher SCS than the scheduled cell
· Cross-carrier scheduling where the scheduling cell has a lower SCS than the scheduled cell
Proposal 6: Do not preclude UL-DL differentiation for cross-carrier scheduling UE capabilities before UE search space sharing capability is clarified.



Discuss the abovementioned proposal

Other
	Eri
	Proposal 3: Update the data rate handling specified in 38.214 to account for case when MCG and SCG are configured with CCs in same frequency range. 

	QCOM
	Observation 2: For inter-band CA, the maximum receive timing difference between the scheduling cell and the scheduled cell may result in a loss of one or two symbols based on the scheduling cell’s SCS to the timing delay between the PDCCH and the PDSCH compared to the logical timing delay between the PDCCH and the PDSCH.
Proposal 3: Capture the minimum PDCCH-to-PDSCH delay agreements by including “received” in TS 38.214.



Discuss the abovementioned proposal
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[bookmark: _Hlk21614832]Annex – Proposals and observations
[2]	R1-1910111	Remaining issues on cross-carrier scheduling, ZTE
Proposal 1: 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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 2: If the maximum number of unicast DCIs per MO is increased, the count order for DAI is as below:
3. First in ascending order of PDSCH starting time;
4. Second in ascending order of serving cell index;
5. Third in ascending order of MO index.

[3]	R1-1910394	Remaining issues on cross-carrier scheduling with different numerologies, Huawei, HiSilicon
Observation 1: The rule of FG 3-5b can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH.
Proposal 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), supporting using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH)  can be based on R15 FG 3-5b(Alt 1c), where M=<N.
Proposal 2: CCE index or CORESET ID is introduced to further determine the PMO index.

[4]	R1-1910511	Remaining Topics on CA and DC, Samsung
Proposal 1: Use the counter DAI to order in a HARQ-ACK codebook HARQ-ACK information bits for multiple PDSCH receptions on a cell scheduled by respective multiple DCI formats in a PDCCH MO on a scheduling cell.
Proposal 2: When a PDSCH and its scheduling PDCCH are in different CCs, if the TCI field is present in DCI format 1_1 and the time offset between the reception of DCI format 1_1 and the corresponding PDSCH is smaller than timeDurationForQCL, a UE obtains QCL assumptions other than QCL-TypeD from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Proposal 3: For cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL is defined as offset  + X where X is the value in FG 2-2 based on the SCS for the scheduled cell.
Proposal 4: For a cross-carrier scheduled cell, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication.
Proposal 5: For SPS PDSCH, a UE can receive a DCI format 1_0 corresponding to SPS PDSCH release on a scheduling cell and releases the SPS PDSCH on a cell where the DL SPS is configured.
Proposal 6: For UL grant Type 2 release on a cell, 3 MSB bits of the TDRA field in DCI format 0_0 validated for UL grant Type 2 release are used for carrier indication field if cross-carrier scheduling is configured for the cell.

[5]	R1-1910611	CCS: Increased number of DCIs, Nokia, Nokia Shanghai Bell
Observation: Using feature 3-5b for low-to-high scheduling blocks the low-SCS carrier from being efficiently usable for data scheduling for any user.
Proposal: Increase the number of valid DCIs per monitoring occasion to 4 per scheduled cell.

[6]	R1-1910685	Discussions on remaining issues on cross-carrier scheduling, Intel Corporation
Proposal: For the case of a lower SCS cell scheduling a higher SCS cell,
· Increase the number of valid DCIs per monitoring occasion to [4] per scheduled cell
· Update the HARQ-ACK codebook and PUCCH resource determination to enable HARQ-ACK feedback with multiple DCIs per monitoring occasion

[7]	R1-1911017	Remaining aspects for MR-DC including mixed numerology CCS and data rate handling for intra-FR DC, Ericsson
Proposal 1: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 
Proposal 2: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.
Proposal 3: Update the data rate handling specified in 38.214 to account for case when MCG and SCG are configured with CCs in same frequency range. 

[8]	R1-1911064	Remaining details on cross carrier scheduling, MediaTek Inc.
Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2).
Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.
Proposal 2: Support separating low SCS to high SCS scheduling and high SCS to low SCS scheduling to independent capabilities.
Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.
Proposal 4: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.

[9]	R1-1911142	Remaining issues on cross-carrier scheduling with different numerologies, Qualcomm Incorporated
Observation 1: For cross-carrier scheduling with different numerologies, if the PDSCH beam switch timing threshold is timeDurationForQCL, it can be smaller than the minimum PDCCH-to-PDSCH delay (e.g., ) and therefore smaller than the minimum required time to receive the scheduling PDCCH.
Observation 2: For inter-band CA, the maximum receive timing difference between the scheduling cell and the scheduled cell may result in a loss of one or two symbols based on the scheduling cell’s SCS to the timing delay between the PDCCH and the PDSCH compared to the logical timing delay between the PDCCH and the PDSCH.
Observation 3: UE cross-carrier scheduling behavior base on the following proposal diverges from UE self-scheduling behavior. 
· “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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.”
Observation 4: Case 2 PDCCH monitoring in multiple spans in a slot is defined in FG 3-5b. It can be used to define the maximum number of unicast DCIs per scheduled cell for cross-carrier scheduling with different numerologies. 
Proposal 1: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to the self-scheduling beam switch timing threshold based on the scheduled cell’s SCS + an adjustment term based on the scheduling cell’s SCS that accounts for the extra PDCCH processing time due to the numerology difference.
Proposal 2: For cross-carrier scheduling with different numerologies, the beam switch timing threshold is equal to a number of symbols based on the scheduled cell’s SCS and the symbol number is 

where  is equal to timeDurationForQCL based on the scheduled cell’s SCS and  is the minimum PDCCH-to-PDSCH delay between the received PDCCH and the received PDSCH based on the scheduling cell’s SCS.  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively.  takes values of [4, 4, 8, 12] for PDCCH SCS = [15, 30, 60, 120] kHz, respectively.
Proposal 3: Capture the minimum PDCCH-to-PDSCH delay agreements by including “received” in TS 38.214.
Proposal 4: For the case of a lower SCS cell scheduling a higher SCS cell, reuse FG 3-5b framework to define the maximum number of DL or UL unicast DCIs per scheduled cell in a span in a slot on the scheduling cell. If a larger number of DL or UL unicast DCIs per span need to be added for FG 3-5b, it should be an optional support by the UE to process the larger number of DL or UL unicast DCIs.
Proposal 5: UE separately reports whether it supports PDCCH monitoring in multiple spans in a slot on the scheduling cell for the following cases
· Cross-carrier scheduling with same SCS between the scheduling cell and the scheduled cell
· Cross-carrier scheduling where the scheduling cell has a higher SCS than the scheduled cell
· Cross-carrier scheduling where the scheduling cell has a lower SCS than the scheduled cell
Proposal 6: Do not preclude UL-DL differentiation for cross-carrier scheduling UE capabilities before UE search space sharing capability is clarified.

