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1 Introduction
In RAN1-AH-1901 meeting [1], the following were concluded:
Conclusion:

All the following 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.

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:

Study further at least the following:

· 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

This contribution considers potential solutions related to support of cross-carrier scheduling with different numerologies.
2 Cross-carrier scheduling with different numerologies
2.1 Scheduling/scheduled cells with smaller/larger and/or larger/smaller SCS

A main use-case for cross-carrier scheduling with different numerologies is for a scheduling cell in FR1 and a scheduled cell in FR2 as illustrated in Fig. 1. Due to the large path-loss in FR2, the PDCCH coverage can be limited if appropriate beamforming is not applicable. Further, PDCCH typically has lower BLER target than PDSCH and cannot benefit from HARQ. To improve PDCCH reception reliability, a UE configured to receive PDSCH in FR2 can be configured to receive the PDCCH in FR1. Also, from a UE power consumption perspective, a UE can achieve material power savings for operation in FR2 if the UE monitors PDCCH in FR1.
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Figure 1. Cross-carrier scheduling with different numerologies
In RAN1-AH-1901 another use case identified during the discussions was scheduling in FR1 from a larger carrier frequency where there is more available BW per cell, such as 4 GHz, to a lower carrier frequency such as 700 MHz.
As both cases of cross-carrier scheduling have meaningful uses case, cross-carrier scheduling from a cell/BWP with larger/smaller SCS to a cell/BWP with smaller/larger SCS can be supported. The additional specification/implementation impact from supporting cross-carrier scheduling from a scheduling cell with larger SCS to a scheduling cell with smaller SCS, relative to the reverse case that has a rather more important use case, is expected to be minimal. 

Proposal 1: Support cross-carrier scheduling with a scheduling cell having smaller/larger SCS that a scheduled cell. 
2.2 Multi-slot scheduling

Scheduling multiple PDSCH receptions or PUSCH transmissions on a scheduled cell from a scheduling cell using corresponding multiple DCI formats is disadvantageous for the following reasons. A first reason is the DL control overhead on the scheduling cell where it can roughly increase by the ratio of the SCS of the scheduling cell and the scheduled cell. Another reason that is particular to NR is the limitation in the number of PDCCH candidates and, more importantly, non-overlapping CCEs that a UE can monitor. The above two drawbacks for a network to support a scheduling cell having a smaller SCS than a scheduled cell (e.g. to use FR1 to schedule PDSCH/PUSCH on FR2) can be avoided by multi-slot scheduling. This feature is already supported in LTE LAA and the corresponding functionalities provide a sufficient baseline for also supporting it in NR. Although multi-slot scheduling is an enhancement from a specification standpoint (not a fundamental feature that needs to be specified for this WI having limited TUs), it is rather fundamental from a practical standpoint and should be considered if it can be incorporated in a simple manner (e.g. from NR-U or LTE LAA) and possible enhancements can be considered in a next release.  
Proposal 2: Consider multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell.
2.3 HARQ-ACK codebook determination
Whether or not cross-carrier scheduling has an impact on the Rel-15 HARQ-ACK codebook determination depends on whether or not a UE can detect multiple DCI formats at a same PDCCH monitoring occasion that schedule respective multiple PDSCHs on a given cell. 
One approach to perform cross-carrier scheduling for PDSCHs from a scheduling cell with smaller SCS to a scheduled with larger SCS is to configure the UE with multiple PDCCH monitoring occasions in a slot (of the scheduling cell). This approach has no impact on the HARQ-ACK codebook determination (Rel-15 remains applicable). A problem is that it can be difficult to utilize (e.g. for PDSCH receptions) the CORESET bandwidth in symbols where the CORESET is not configured or in symbols where PDCCH is not transmitted. Using and potentially enhancing the Rel-15 mechanism based on the rate matching indicator field in DCI format 1_1 is one possibility. This approach also allows a scheduler operation to be similar as for self-carrier scheduling in the sense that the scheduler does not need to make an earlier decision for a PDSCH transmission and for the associated scheduling parameters in a slot of the scheduled cell.
Another approach to perform cross-carrier scheduling for PDSCHs from a scheduling cell with smaller SCS to a scheduled with larger SCS is for a UE to support detection of multiple DCI formats scheduling respective PDSCH receptions over the multiple slots of the scheduled cell that correspond to a single slot of the scheduling cell. For example, at the beginning of a slot on a scheduling cell with 30 kHz SCS, a UE can detect 4 DCI formats scheduling PDSCH receptions in corresponding 4 slots on a scheduled cell with 120 kHz SCS. If this is to be allowed in Rel-16, a simple modification to the Rel-15 dynamic HARQ-ACK codebook is for the counter DAI to count for up to a predetermined number N of DCI formats for a same cell at a same PDCCH monitoring occasion before continuing to the next cell. However, this can have larger impact to UE complexity than enhancing rate matching.
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.
2.4 On the limit of BDs/CCEs
The BDs/CCEs limit is determined based on the following [2]:
· If a UE is configured with 
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· If a UE is configured with 
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The BDs/CCEs limit in above is applied to the group of cells configured with the same SCS configuration μ. Therefore, above rules can be applicable for the scenarios of 1) self-carrier scheduling, 2) cross-carrier scheduling with same numerology between the scheduling cell and scheduled cell, and 3) cross-carrier scheduling with different numerologies between the scheduling cells. How to determine the limit of BDs/CCEs for cross-carrier scheduling with different numerologies is still open. Following two alternatives can be considered - Alt 1) Based on a reference SCS (e.g., SCS of the scheduling cell, largest/smallest SCS among the cells) and Alt 2) Based on the SCSs of the scheduling/scheduled cells.
Alt 1 can be a good and simple alternative to determine the limit of BDs/CCEs with minimum specification impact. However, for Alt 1, a concern is the limitation in scheduling flexibility. Assume that SCS of the scheduling cell is used for the reference SCS. Then, if a scheduling cell with 15kHz (CC#1) schedules a scheduled cell with 120kHz (CC#2), the total limit of BDs is 2 * 44 = 88 per slot (=1ms). If self-scheduling is performed for CC#2, the limit of BDs is 160 (= 20 (per slot) * 8 (slots)) within 1ms. Therefore, the obtained limit of 88 BDs, based on the SCS of the scheduling cell may not be enough to achieve full scheduling flexibility for CC#2. 
Alt 2 can be considered as a solution to overcome the drawback of Alt 1. In Alt 2, both SCSs of scheduling cell and scheduled cells are considered together to determine the limit of BDs/CCEs for the group of cells configured with cross-carrier scheduling. To reflect the different number of BDs/CCEs for each of SCS properly, a scaling factor αμ can apply to the limit of BDs/CCEs of the scheduled cells with numerology μ, i.e., αμ*Mμ. The scaling factor αμ is defined as the ratio between SCS of scheduling cell and SCS of scheduled cell, i.e., 
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 where μ1 is the SCS of the scheduling cell and μ is the SCS of a cell scheduled by the scheduling cell. For example, if the SCS of a scheduling cell is 15kHz and the SCS of a scheduled cell is 120kHz, αμ=1/2(0-1)=2 is applied to the limit of BDs/CCEs for 30kHz, so that 2*36=72. By applying the scaling factor, the limit of BDs/CCEs for the scheduled cells can be re-calculated based on the SCS of scheduling cell. To summarize, the total limit of BDs/CCEs for a group of cells configured by cross-scheduling (Mtotal,cross) can be determined by
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where 
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 is the number of cells with numerology μ in the set of cells configured with cross-carrier scheduling. 
Alt 2 can be apply per group of cells configured with cross-carrier scheduling. In other words, the total limit of BDs/CCEs is calculated per group of cells with cross-carrier scheduling and not per SCS. Therefore, the limits of BDs/CCEs for a group of cells configured with self-carrier scheduling (Sself) and the other group of cells configured with cross-carrier scheduling (Scross) needs to be calculated separately when Sself and Scross coexist. In this case, the total limit of BDs/CCEs for a group of cells with self-carrier scheduling can be calculated by
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where 
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 is the number of cells with numerology μ in the set of cells configured with self-carrier scheduling. The scaling factor is also applied to the non-CA limit in the same way as below:
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An example is illustrated in Fig. 2.
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Figure 2. The BDs/CCEs limit determination for cross-carrier scheduling with different numerologies
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
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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
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For the scheduled cell configured with cross-carrier scheduling, the non-CA limit of BDs/CCEs is determined by 
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2.5 Enhancements to search space configuration for cross-carrier scheduling

When cross-carrier scheduling is configured for a scheduled cell, a UE is provided with the scheduling cell index for the scheduled cell where the UE performs PDCCH monitoring. As described in [2], the number of PDCCH candidates configured in a search space set s is used to determine the number of PDCCH candidates for a search space s monitored in the scheduled cell. The search space set parameters other than the number of PDCCH candidates (e.g., slot-level periodicity, symbol-level occasions, DCI formats, etc.) follow the same values configured for the scheduling cell. Therefore, the flexibility on search space set configuration for the scheduled cell in case of cross-carrier scheduling is limited in Rel-15. Such a limitation is not particularly problematic for cross-carrier scheduling with same numerology but it is for cross-carrier scheduling with different numerologies. Therefore, as also realized in [3], the unintended flaw in RAN2 for the search space set configuration for the scheduled cell should be now fixed.   

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

This contribution considered aspects related cross-carrier scheduling with different numerologies. Following proposals were made:
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
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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
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For the scheduled cell configured with cross-carrier scheduling, the non-CA limit of BDs/CCEs is determined by 
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Proposal 5: Include search space sets for scheduled cell in the configured search space sets of the scheduling cell.
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