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Introduction
[bookmark: _Hlk510705081]This document summarizes the contributions Numerologies submitted under agenda-item 7.2.13.4 “7.2.13	Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE, NR) – Others” [1-7]. The objective of this document was 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 7.2.13.4 have been included.
Wednesday session took place at 8:40-9:00 pm on 29. August. Only topics under sections 2.4 and 2.6 were discussed. Refer to those sections for discussion outcome.
Discussion
CCS: Scheduling multiple TBs from one slot
	[2] (Sam)
	Proposal 1: Specify multi-slot scheduling for Rel-16 CA; otherwise, allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.

	[5] (Eri)
	Proposal 6: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 
Proposal 7: 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.

	[6] (QCOM)
	Proposal 1: Clarify that for Alt 1a in the RAN1 #97 agreement, the maximum number of unicast DCIs is defined across scheduled cells. For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the UE is not expected to decode more than a total numbr of 8 unicast DCIs in each span of PDCCH symbols for all the scheduled cells of the scheduling cell.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, define a number of valid unicast DCIs for the scheduled cell per PDCCH slot that is larger than the number of unicast DCIs per PDSCH slot.

	[7] (Hua)
	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.



FL proposal: 
· Allow scheduling of N PDSCH/PUSCHs by N DCIs in one PDCCH MO
· Value of N?
· Support associated HARQ-ACK muxing in the same codebook


CCS: QCL
	[1] (ZTE)
	Proposal 2: 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.

	[6] (QCOM)
	Proposal 4: For cross-carrier PDSCH scheduling with scheduling CC’s SCS smaller than scheduled CC’s SCS, timeDurationForQCL has duration of  in terms of symbols on scheduled CC, where X has value in FG 2-2 based on SCS for scheduled CC
· If scheduling CC’s SCS is equal to or larger than scheduled CC’s SCS, timeDurationForQCL has value in FG 2-2 based on SCS for scheduled CC



FL proposal: 
· Discuss the ZTE proposal 2
· Discuss the QCOM proposal 4

CCS: Cross-carrier scheduling UE capabilities
	[6] (QCOM)
	Proposal 3: Separate capabilities should be defined to indicate the support for the following 4 cases for cross-carrier scheduling with different numerologies
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink



FL proposal: Discuss as part of the Rel-16 UE capabilities

DC: Synchronization in synchronous Dual Connectity
	[1] (ZTE)
	Observation 1: Both RAN2 and RAN4 agree that synchronous NR-DC only requires slot boundary synchronization.
Observation 2: When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
Observation 3: It’s extremely difficult or even impossible to align SFN between different gNBs, especially for gNBs from different vendors. If sync NR-DC requires SFN alignment, this brings much restriction on Rel-15 NR-DC.
Proposal 1: RAN1 reconfirms that synchronous NR-DC only requires slot boundary synchronization.

	[2] (Sam)
	Proposal 2: Synchronous NN-DC means frame level synchronization between cell groups. 

Observation 1: Regardless of SFN-sync NN-DC, a UE can re-use the EN-DC PSCell addition procedure for NN-DC PSCell addition. 

Observation 2: The second benefit of SFN-sync NN-DC is reduced search time of a few msec for PSCell addition. 

Observation 3: The motivation of limiting NN-DC to synchronous operation was to minimize specification/ implementation impact, not for minor reduction in PSCell addition time.

Observation 4: Introducing a new requirement to DC architectures may have unexpected consequences in deployments.

	[3] (CMCC)
	Proposal 1: For NR R16, it is recommended to introduce additional UE capability to indicate if strict frame timing alignment is required.

Proposal 2: Send RAN2 a LS to confirm RAN1 perspective that it is not mandatory to restrict frame timing alignment on NR CA.

	9618 (QCOM)
	Proposal: 
In alignment with the previous agreements, ask RAN and RAN2 to explicitly include restriction to SFN synchronous mode NR-NR DC in the Rel-15 specifications. 



FL Note: There was no agreement on clarifying what synchronous in synchronous NR-DC means.

DC: Max data rate for NR-DC within a frequency range
	[5] (Eri)
	Proposal 8: 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.



FL proposal: The 38.214 max data rate calculation should also cover the NR-DC within a frequency range to support the Rel-16 NR DC, this proposal should be agreed. 

Cross-carrier A-CSI-RS triggering with mixed numerology
	[5] (Eri)
	Proposal 1: Aperiodic CSI-RS triggering with mixed numerology should be added as part of completing the WI objective for cross-carrier scheduling with different numerologies in the MR/DC WI.
Proposal 2: The aperiodic CSI-RS triggering offset is extended to be defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.
Proposal 3: Support of aperiodic CSI-RS triggering with PDCCH SCS > CSI-RS SCS is an optional feature.
Proposal 4: Further discuss in RAN1 the detailed thresholds for the UE processing relaxations in below Table. 

	UE processing relaxations 
	Proposed value

	Number of additional symbols  added to the UE reported beamSwitchTiming
	 equal to the span of the PDCCH monitoring region 

	Minimum time  between last symbol of PDCCH and first symbol of CSI-RS 
	 equal to the span of the PDCCH monitoring region

	Restriction that PDCCH triggering aperiodic CSI-RS is not received with last Y symbols of the slot
	Y=0

	Restriction on value range of allowed triggering offset X
	X>0 when PDCCH SCS < CSI-RS SCS to avoid “non-causal” triggering



Proposal 5: The feature “aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS” is mandatory for Rel-16 UE with inter-band CA capability.
 



FL proposal: Introduce cross-carrier A-CSI RS triggering with mixed numerologies in Rel-16 under the MR-DC/CA WI. 
· This does not mean that the solution is exactly as in the March 2019 CRs
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Annex – Proposals and observations
[1] R1-1908245	Clarification of sync NR-DC and remaining issues on cross-carrier scheduling	ZTE
Observation 1: Both RAN2 and RAN4 agree that synchronous NR-DC only requires slot boundary synchronization.
Observation 2: When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
Observation 3: It’s extremely difficult or even impossible to align SFN between different gNBs, especially for gNBs from different vendors. If sync NR-DC requires SFN alignment, this brings much restriction on Rel-15 NR-DC.
Proposal 1: RAN1 reconfirms that synchronous NR-DC only requires slot boundary synchronization.
Proposal 2: 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.

[2] R1-1908517	Remaining Topics on CA and DC	Samsung
Proposal 1: Specify multi-slot scheduling for Rel-16 CA; otherwise, allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.

Proposal 2: Synchronous NN-DC means frame level synchronization between cell groups. 

Observation 1: Regardless of SFN-sync NN-DC, a UE can re-use the EN-DC PSCell addition procedure for NN-DC PSCell addition. 

Observation 2: The second benefit of SFN-sync NN-DC is reduced search time of a few msec for PSCell addition. 

Observation 3: The motivation of limiting NN-DC to synchronous operation was to minimize specification/ implementation impact, not for minor reduction in PSCell addition time.

Observation 4: Introducing a new requirement to DC architectures may have unexpected consequences in deployments.


[3] R1-1908877	Discussion on necessity of frame boundary alignment of NR CA	CMCC
Proposal 1: For NR R16, it is recommended to introduce additional UE capability to indicate if strict frame timing alignment is required.

Proposal 2: Send RAN2 a LS to confirm RAN1 perspective that it is not mandatory to restrict frame timing alignment on NR CA.

[4] R1-1908926	Draft 38.214 CR: Introduction of Cross-carrier Scheduling with Different Numerologies	Nokia, Nokia Shanghai Bell

[5] R1-1909145	Aperiodic CSI-RS triggering and other remaining aspects for MR-DC	Ericsson
Proposal 1: Aperiodic CSI-RS triggering with mixed numerology should be added as part of completing the WI objective for cross-carrier scheduling with different numerologies in the MR/DC WI.
Proposal 2: The aperiodic CSI-RS triggering offset is extended to be defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.

Proposal 3: Support of aperiodic CSI-RS triggering with PDCCH SCS > CSI-RS SCS is an optional feature.

Proposal 4: Further discuss in RAN1 the detailed thresholds for the UE processing relaxations in below Table. 

	UE processing relaxations 
	Proposed value

	Number of additional symbols  added to the UE reported beamSwitchTiming
	 equal to the span of the PDCCH monitoring region 

	Minimum time  between last symbol of PDCCH and first symbol of CSI-RS 
	 equal to the span of the PDCCH monitoring region

	Restriction that PDCCH triggering aperiodic CSI-RS is not received with last Y symbols of the slot
	Y=0

	Restriction on value range of allowed triggering offset X
	X>0 when PDCCH SCS < CSI-RS SCS to avoid “non-causal” triggering



Proposal 5: The feature “aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS” is mandatory for Rel-16 UE with inter-band CA capability.

Proposal 6: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 7: 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 8: 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. 


[6] R1-1909469	(R1-1909288) Remaining issues on cross-carrier scheduling with different numerologies	Qualcomm Inc.
Proposal 1: Clarify that for Alt 1a in the RAN1 #97 agreement, the maximum number of unicast DCIs is defined across scheduled cells. For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the UE is not expected to decode more than a total numbr of 8 unicast DCIs in each span of PDCCH symbols for all the scheduled cells of the scheduling cell.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, define a number of valid unicast DCIs for the scheduled cell per PDCCH slot that is larger than the number of unicast DCIs per PDSCH slot.
Proposal 3: Separate capabilities should be defined to indicate the support for the following 4 cases for cross-carrier scheduling with different numerologies
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink

Proposal 4: For cross-carrier PDSCH scheduling with scheduling CC’s SCS smaller than scheduled CC’s SCS, timeDurationForQCL has duration of  in terms of symbols on scheduled CC, where X has value in FG 2-2 based on SCS for scheduled CC
· If scheduling CC’s SCS is equal to or larger than scheduled CC’s SCS, timeDurationForQCL has value in FG 2-2 based on SCS for scheduled CC

[7] R1-1909311	UE feature discussion for cross-carrier scheduling with different numerologies	Huawei, HiSilicon
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.

