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In RAN Meeting #81, the work item on multi-RAT dual-connectivity and carrier aggregation enhancements was approved. One of the objectives of this work item is to devise schemes for allowing cross-carrier scheduling with different numerologies as follows [1]:
· Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only.
· Target completion by RAN#84.
In the past RAN1 meetings[2][3][4][5][6], the following agreements/conclusions regarding cross-carrier scheduling with different numerologies were made:
	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
In RAN1 #96, the following agreements were made:
Agreements:
· At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 
Agreements:
· The limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC.
· Change the definition of to “the number of configured DL-CCs whose scheduling cell is with active DL BWP having SCS configuration ” as in Section 10.1 of 38.213
In RAN1 #96bis, the following agreements and conclusion were made:
Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary
Agreements:
Regarding PDSCH-to-HARQ-ACK minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 
Agreements:
Regarding PDCCH-to-PUSCH minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 
Conclusion:
· The PDCCH monitoring occasion determination is based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies
· No spec change is intended
In RAN1 #97, the following agreements and conclusion were made:
Agreements:
· Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step
Agreements:
· For the case of higher SCS PDCCH scheduling lower SCS PDSCH, for the scheduling timing, use the same definition as with lower SCS PDCCH scheduling higher SCS PDSCH scheduling, without quantization to the next PDSCH slot
Agreements:
· For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols
Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features
Agreements:
· timeDurationForQCL threshold is determined based on the numerology of the scheduled cells.

Agreements:
When PDSCH and its scheduling PDCCH are in the different CCs, if the PDCCH-to-PDSCH delay < Threshold-Sched-Offset timeDurationForQCL or if the TCI information is absent from the DCI, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell
Conclusion:
If the number of valid unicast DCIs at the same monitoring occasions is increased in the UE feature discussion, further discuss whether/how to update the HARQ-ACK codebook and PUCCH resource determination.
Agreements:
· In Rel-16, support enabling HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group.
· Note: vs. per cell group in Rel-15

Agreements:
At least the following two UE capabilities will be introduced
 Scheduling cell of lower SCS and scheduled cell of higher SCS
 Scheduling cell of higher SCS and scheduled cell of lower SCS




Based on the above progress, we provide our views on remaining issue of cross-carrier scheduling with different numerology between scheduling cell and scheduled cell. 
Discussions
For the case of a lower SCS cell scheduling a higher SCS cell, the number of slots on the scheduled cell is N times of the scheduling cell. To keep the same level flexibility of PDSCH scheduling in a slot in the scheduled cell, it is expected that N times more PDCCHs need to be supported in a slot on scheduling cell. 3 alternatives were listed for further study in RAN1 #97. Alt 1a defines the maximum number of unicast DCIs in the unit of a span of OFDM symbols. Since a span may consist of one or multiple PDCCH monitoring occasions, it is likely that Alt 1a results in similar behaviour as Alt 1b. That is, multiple unicast DCIs needs to be monitored in a PDCCH monitoring occasion. Note: the Rel-15 dynamic HARQ-ACK codebook is designed assuming at most one PDCCH associated with a HARQ-ACK codebook is transmitted for a scheduled Scell in a PDCCH MO. Consequently, both Alt 1a and Alt 1b requires enhancement on dynamic HARQ-ACK codebook. Alt 1c is to use multiple PDCCH MOs which are TDMed in a slot to provide the capability to schedule multiple PDSCHs in the scheduled cell. However, it complicates the rate matching of PDSCH on scheduling cell. 

In Rel-15 dynamic HARQ-ACK codebook, all the HARQ-ACK bits are ordered from two dimensions. The HARQ-ACK bits are first ordered in an increasing order of Cell ID for a same PDCCH MO. Then, The HARQ-ACK bits are ordered in the time order of PDCCH MOs. However, as shown in Figure 1, multiple unicast DCIs could be transmitted in the same MO and schedule PDSCHs for which the HARQ-ACK are transmitted on the same PUCCH. Therefore, the HARQ-ACK bits ordering for the DCIs in same MO needs to be defined. A simplest way is to relying on C-DAI as a third dimension of HARQ-ACK bits ordering. The maximum capability of 2-bit C-DAI is to differentiate up to 4 DL DCIs scheduling PDSCHs on a scheduled cell.  


Figure 1: cross-carrier scheduling with different numerology

Since a span of OFDM symbols may include multiple PDCCH MOs, the support of up to 4 DL DCIs per PDCCH MO could result in >4 DL DCIs in the span scheduling same scheduled cell. On the contrary, if >4 DL DCIs are supported by Alt 1a, it is possible the number of DL DCIs scheduling same scheduled cell in a MO is also >4 if no more limitation is introduced. As discussed above, if the number of DCI in same MO scheduling PDSCHs on same scheduled cell is more than 4, other means besides C-DAI has to be used for the sorting of HARQ-ACK bits. Considering the limited remaining time of the WI, it is not desired to open too much room for tricky designs. 
In fact, the following was proposed by feature lead in the email discussion [98-NR-23]. It is not concluded due to limited time for email discussion. The FL proposal provides a good way forward for this issue [7]. 
FL Proposal:
· 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
[bookmark: _Hlk17221238][bookmark: p1]
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
Conclusion
In this contribution, we discuss the remaining issue of cross-carrier scheduling with different numerology between scheduling cell and scheduled cell. We make the following proposal, 
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
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