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1. Introduction

In RAN1#96 and #96bis meeting, some key issues on supporting cross-carrier scheduling with mixed numerologies were concluded, including those for timing casualty, BD/CCE limits and PDCCH monitoring occasions [1][2]:

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 NcellsDL,( 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

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 this paper, we further discuss the remaining issues on the topics.
2. Timing restriction for reducing UE buffering requirements
The agreements related to timing restriction are listed below:
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:
· 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 

The most of scenarios have been concluded. The open issue is for the case of Type B PDSCH. A flexible scheduling is needed for Type B PDSCH (symbol-based scheduling) because symbol-based scheduling is also used for low-latency services. In this case, a smaller ( compared to Type A PDSCH is desired. For Type B PDSCH, a ( defined in unit of symbol is more reasonable. 
In case different ( values are applied for Type A and Type B PDSCH, the problem is how to determine PDSCH type before decoding DCI. In R15 specification, the PDSCH type is jointly configured with SLIV in the time-domain resource allocation (TDRA) table. Only after DCI is decoded, PDSCH type can be determined from the entry index to the TDRA table. That means the PDSCH type cannot be determined before the DCI is decoded. 
A potential solution to this problem is to configure different TDRA tables for Type A and Type B. Type A TDRA table and Type B TDRA table can be linked to different search space sets. PDCCH in one search space set is only used for scheduling one type of PDSCH. When a UE monitors PDCCH in a search space set for Type A PDSCH, the larger ( is determined by UE. When a UE monitors PDCCH in a search space set for Type B PDSCH, the larger ( is determined by UE. For example, the search space sets configured in the first 3 symbols in a slot are used for conveying PDCCH scheduling the Type A PDSCH. The search space sets configured in other symbols in a slot are used for conveying PDCCH scheduling the Type B PDSCH.
However, we understand that the topic needs to be finalized by RAN#84. The above search space set mapping approach probably cannot be defined on schedule. In this case, in order to keep the scheduling flexibility of Type B PDSCH, the ( is only applied for Type A PDSCH, and should not be applied for Type B PDSCH. Since when a UE monitors a PDCCH, it has no prior knowledge of the PDSCH type, the ( is only applied in case all resources in the configured TDRA tale are Type A resource. That means: If some resources in the TDRA table are Type B, the restriction to the earliest possible starting point for the PDSCH should not be applied even for Type A PDSCH scheduling.
Proposal 1: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, down-select from the two options below:

· Option 1: ( is quantized in unit of PDSCH symbol duration for Type B PDSCH.

· Different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.

· Different search space sets are configured associated with different PDSCH types. 
· E.g. The search space sets configured in the first 3 symbols in a slot are used for conveying PDCCH scheduling the Type A PDSCH. The search space sets configured in other symbols in a slot are used for conveying PDCCH scheduling the Type B PDSCH. 

· The PDSCH type is determined based on the search space set associated to the PDSCH type.
· Option 2: ( is not applied to Type B PDSCH.

· In case at lease one Type B PDSCH resource is configured in the TDRA table, the UE assumes no restriction to the earliest possible starting point for the PDSCH for either Type A or Type B PDSCH.

3. Limits of number of BDs/CCEs
The agreement in RAN1#96 [1] is as below:

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 NcellsDL,( 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

From our respective, some enhancements on reducing BDs for cross-carrier scheduling can be furhter considered. In NR standardization, some solutions were taken to reduce PDCCH BD complexity, e.g. DCI size alignment. Zero padding can be used to align DCI size between format 0_0 and 1_0, in order to limit the total number of different DCI sizes configured to monitor to ≤ 4 for a cell.
A similar scheme can be used to align the DCI size for scheduling different cells. In the cross-carrier scheduling scenario, different scheduled cells may require different sizes of scheduling DCI due to different bitwidths of frequency domain resource assignment (FDRA) field and time domain resource assignment (TDRA) field.  TDRA bitwidth can easily be aligned by configuring a similar number of entries in pdsch-TimeDomainAllocationList and pusch-TimeDomainAllocationList. However, FDRA bitwidth is usually misaligned because the 
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 are usually different in different cells with different numerologies. In this case, aligning the DCI size for cross-carrier scheduling with zero padding would be helpful for reducing the number of BDs.
Proposal 2: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.
4. Conclusions
Proposal 1: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, down-select from the two options below:

· Option 1: ( is quantized in unit of PDSCH symbol duration for Type B PDSCH.

· Different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.

· Different search space sets are configured associated with different PDSCH types. 
· E.g. The search space sets configured in the first 3 symbols in a slot are used for conveying PDCCH scheduling the Type A PDSCH. The search space sets configured in other symbols in a slot are used for conveying PDCCH scheduling the Type B PDSCH. 

· The PDSCH type is determined based on the search space set associated to the PDSCH type.
· Option 2: ( is not applied to Type B PDSCH.

· In case at lease one Type B PDSCH resource is configured in the TDRA table, the UE assumes no restriction to the earliest possible starting point for the PDSCH for either Type A or Type B PDSCH.

Proposal 2: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.
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