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[bookmark: _Hlk510705081]This document summarizes the contributions submitted under agenda item 7.2.13.2 Cross-carrier Scheduling with Different Numerologies [1-14] to facilitate further discussion on the proposals.
Discussion
Scope of cross carrier scheduling with different numerologies
4 cases that may be considered:
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink
2. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink
3. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink
4. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink

Conclusion: All 4 cases can be considered further, while there was yet no consensus if all the cases will be eventually specified. To be discussed further after work on solutions has progressed.
Timing
When scheduling cell is of a lower SCS than the scheduled cell SCS:
Alt1: Derive the first PDSCH symbol based on the first or last PDCCH symbol
· The PDSCH starting point would be defined as N symbols relative to the defined reference symbol of the scheduling PDCCH. N could be SCS specific.

Alt2: Derive a minimum K0 based on the SCSs of the scheduling and scheduled cells
When scheduling cell is of a higher SCS than the scheduled cell:
· No causality related issues identified

Conclusion: More discussion needed
The following points were added after the Tuesday evening offline by the feature lead based on the discussion
What is the timing relation between the scheduling PDCCH and scheduled PDSCH
Alt1: PDSCH may start EARLIER in time than the PDCCH starts (how much earlier?)
Alt2: PDSCH may NOT start earlier in time than the PDCCH starts
Alt3: PDSCH must start LATER in time than the PDCCH starts (how much later?)
Alt4: PDSCH may start EARLIER in time than the PDCCH ends (how much earlier?)
Alt5: PDSCH may NOT start earler in time than the PDCCH ends
Alt6: PDSCH must start LATER in time than the PDCCH ends (how much later?)
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Figure 1: Examples of earliest possible PDSCH stating positions

Conclusion: The following points were discussed during the offline session as topics for further consideration
· Determine the first possible PDSCH starting point based on the timing of the last or first symbol of the scheduling PDCCH.
· Both Type A and Type B PDSCH allocation should be considered
· Consider a possibility for introducing a single solution for Type A and Type B PDSCH allocation
· PDCCH position cases 1-1, 1-2 and 2 should all be considered




BD/CCE limits
Current status of the specification for BD/CCE limits for cross-carrier scheduling
· Self-scheduleing cells of same SCS: BC/CCE limits defined in Rel-15.
· Self-scheduling cells of mixed SCS: BC/CCE limits defined in Rel-15.
· Cross-scheduling between cells of same SCS: BC/CCE limits defined in Rel-15.
· Cross-scheduling betwen cells of mixed SCS: BC/CCE limits NOT defined in Rel-15.
· The scheduling cell is of a larger SCS than the scheduled cell
· The scheduling cell is of a smaller SCS than the scheduled cell

Alternatives addressing the missing piece of specification as identified in RAN1#94 summarized in [1]:
· Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
· Alt.2: The limit of BDs/CCEs of the scheduling CC is determined based on the combinations of numerologies for {scheduling CC, scheduled CC}.
· Alt.3: The limit of BDs/CCEs of the scheduling CC is determined based on a specific reference numerology regardless of the exactly used numerology for scheduling CC or scheduled CC.

Addition after Tuesday offline session based on an email comment
Determination of the SCS of a particular CC
· The Rel-15 solution: a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell
· Question: How to determine the SCS for BD/CCE calculation for a group of cells when the scheduling cell and the scheduled cell(s) have a different SCS.

Suggested discussion point
Proposal: BD/CCE limits for the following cases are to be identified and specified:
· The scheduling cell is of a larger SCS than the scheduled cell
· The scheduling cell is of a smaller SCS than the scheduled cell

Number of valid unicast DCIs per monitoring occasions
Proposal 1: Define increased capabilities for  number of valid unicast PDCCH in single monitoring occasion for UE supporting cross-carrier scheduling
Proposal 2: Define multi-slot scheduling with different TB per slot

Suggested discussion point
Proposal: Define at least one of the below alternatives
1. Increased capabilities for number of valid unicast PDCCH in single monitoring occasion for UE supporting cross-carrier scheduling
2. Multi-slot scheduling with different TB per slot 

QCL aspects
Alt 1: (follow Rel-15 definition): Tci-PresentInDCI has to be always enabled for cross-carrier scheduling. 
For cross-carrier scheduling with tci-PresentInDCI being enabled for a DCI format 1_1, or if tci-PresentInDCI is not enabled for DCI format 1_1, the scheduling timing offset cannot be smaller than the threshold. 
Alt 2: 
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 in case of cross-carrier scheduling is based on dummy CORESET configured in the active BWP of the scheduled cell
Alt 3: 
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

Conclusion: Companies are encouraged to investigate the proposals, and provide additional input to RAN1#96

Other aspects
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
Mechanism to allow alignment of DCI sizes for self and cross-scheduling  
Enhanced cross-carrier scheduling RRC signalling
Cross-carrier SPS deactivation: Enabling deactivation by DCI format 0_1/1_1. DCI 0_0/1_0 indicating deactivation of SPS/configured grant in a serving cell deactivates SPS/configured grant on all the serving cells scheduled by the serving cell 
Use counter DAI to order the bits in TYPE2 (dynamic) CB, if multiple unicast DL assignments are allowed in single monitoring occasion. 
Cross-numerology improvements/corrections for TYPE1 (semi-static) CB
BD/CCE for NR-NR dual connectivity when the number of configured cells is larger than the UE capability
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