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1 Introduction
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 Figure 1. Due to the large path-loss in FR2, the PDCCH coverage can be limited if beamforming is not accurate. Further, PDCCH typically has lower BLER target than PDSCH, cannot benefit from HARQ, and is therefore less robust to beamforming inaccuracies. To improve PDCCH reception reliability, a UE configured to receive PDSCH in FR2 can be configured to receive PDCCH in FR1. Also, from a UE power consumption perspective that is dominated by PDCCH monitoring, a UE can achieve material power savings for SCells in FR2 if the UE monitors corresponding PDCCH in FR1.
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Figure 1. Cross-carrier scheduling with different numerologies
This contribution considers potential issues related to cross-carrier scheduling with different numerologies.
2 Remaining issues on PDCCH and search space
2.1 Scheduling/scheduled cells with smaller/larger and/or larger/smaller SCS
A motivation for cross-carrier scheduling with scheduling/scheduled cells having smaller/larger SCS is clear from the introduction (scheduling cell in FR1, scheduled cell in FR2) and this configuration should be supported.
A motivation for cross-carrier scheduling with scheduling/scheduled cells having larger/smaller SCS is not clear. However, this case is likely to have smaller specification/implementation impact and it is roughly equivalent to Rel-15 operation when configuring multiple PDCCH monitoring occasions in a slot. For completeness of the specifications, cross-carrier scheduling with scheduling/scheduled cells having larger/smaller SCS can also be supported provided that it does not have material additional specification impact.
Proposal 1: Support cross-carrier scheduling with scheduling/scheduled cells having smaller/larger SCS. Consider support of cross-carrier scheduling with scheduling/scheduled cells having larger/smaller SCS if the associated specification impact is minimal.
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 several 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 in a slot. 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.

Proposal 2: Support multi-slot scheduling at least for a scheduling cell using a smaller SCS than a scheduled cell. FFS whether this can be applicable in general.
2.3 HARQ-ACK codebook

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(s) is not configured or in symbols where the CORESET(s) is configured but 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. 

Proposal 3: If it is supported for a UE to (a) detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell and (b) report corresponding HARQ-ACK information in a same HARQ-ACK codebook, use the counter DAI to count the DCI formats for the cell.
2.4 Limit of BDs/CCEs
The BDs/CCEs limit is determined based on the following [1]:
· If a UE is configured with 
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· If a UE is configured with 
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The above BDs/CCEs limits are applied to a group of cells having same SCS configuration μ. Therefore, they are 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 BDs/CCEs limits for cross-carrier scheduling with different numerologies is not addressed in Rel-15. The 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)
-  Alt 2: Based on the SCSs of the scheduling/scheduled cells
Alt 1 is a simple alternative to determine the limit of BDs/CCEs with minimum specification impact. However, Alt 1 requires limitations in scheduling flexibility. For example, assume that the SCS of the scheduling cell is used as the reference SCS. Then, if a scheduling cell having 15 kHz SCS (CC#1) schedules a scheduled cell having 120 kHz (CC#2), the total limit of BDs is 2 * 44 = 88 per slot (=1 ms). 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 is significantly smaller (45%) than the self-scheduling one and constraints scheduling flexibility for CC#2. 
Alt 2 avoids the scheduling limitation of Alt 1. Alt 2 consider both SCSs of the scheduling cell and the scheduled cells in determining the BDs/CCEs limit for the group of cells configured with cross-carrier scheduling. To properly reflect the different number of BDs/CCEs for each of SCS, a scaling factor αμ can apply to the BDs/CCEs limit of the scheduled cells with numerology μ, i.e., αμ*Mμ. The scaling factor αμ is defined as the ratio of the SCS μ1 of scheduling cell and the SCS μ of the scheduled cells, i.e., 
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. For example, if the SCS of a scheduling cell is 15vkHz and the SCS of the scheduled cells is 120kHz, αμ=1/2(0-1)=2 is applied to the BDs/CCEs limit for 30 kHz, so that 2*36=72. By applying the scaling factor, the BDs/CCEs limit for the scheduled cells is determined based on the SCS of the scheduling cell. In summary, the BDs/CCEs limit for a group of cells configured for 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 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 another 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 as:
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An example is illustrated in Figure 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 cells configured with cross-carrier scheduling for a scheduling cell with SCS configuration μ1 and 
[image: image21.wmf]m

DL,

cross

cells,

N

 scheduled cells with SCS configuration j is determined by
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When a group of cells configured with cross-carrier scheduling and a 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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3 Conclusion

This contribution considered aspects related cross-carrier scheduling with different numerologies. Following proposals were made:
Proposal 1: Support cross-carrier scheduling with scheduling/scheduled cells having smaller/larger SCS. Consider support of cross-carrier scheduling with scheduling/scheduled cells having larger/smaller SCS if the associated specification impact is minimal.

Proposal 2: Support multi-slot scheduling at least for a scheduling cell using a smaller SCS than a scheduled cell. FFS whether this can be applicable in general.

Proposal 3: If it is supported for a UE to (a) detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell and (b) report corresponding HARQ-ACK information in a same HARQ-ACK codebook, use the counter DAI to count the DCI formats for the cell.

Proposal 4: The CA limit of BDs/CCEs for a group of cells configured with cross-carrier scheduling for a scheduling cell with SCS configuration μ1 and 
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When a group of cells configured with cross-carrier scheduling and a 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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