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1 Introduction
In RAN1#96 meeting [1], the following were agreed:
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
This contribution considers remaining issues related to cross-carrier scheduling with different numerologies.
2 Cross-carrier scheduling with different numerologies
2.1 Scheduling from a cell with lower SCS to a cell with higher SCS

2.1.1 Timeline aspect
To minimize the extra buffering, it was agreed that the earliest possible starting symbol of the PDSCH with higher SCS should be no earlier than the ending symbol of the PDCCH with lower SCS. The time gap ∆ from the ending symbol of the PDCCH to the starting symbol of the PDSCH can be determined by taking into account PDCCH processing time, potential preparation time for buffering, etc. 
To maximize the scheduling flexibility, the time gap can be simply chosen as ∆ = 1 symbol where the SCS of the symbol is defined as the SCS of schedulable PDSCH. In this case, the PDSCH with higher SCS can be scheduled at the time right after PDCCH with lower SCS is received as illustrated in Fig. 1 (red dash). However, this tight constraint may lead higher UE complexity due to the potential PDSCH buffering and increase power consumption. In addition, in some cases, only PDSCH with mapping type B with very limited number of symbols is schedulable. For example, if the ending symbol of the PDCCH is 3rd symbol on the scheduling CC with 15kHz, only 2-symbol PDSCH is schedulable on the CC with 30kHz as shown in Fig. 1. It would be inefficient to support this limited case from UE implementation perspective.
Therefore, it is more preferred to consider more loose time gap such as slot-level gap rather than symbol-level gap. This implies that only cross-slot scheduling is performed when a PDCCH with lower SCS schedules PDSCH with higher SCS. The potential PDSCH in the cell with higher SCS when the slot-level gap is illustrated in Fig. 1 (blue dash). Table 1 shows our view on possible minimum values for ∆. 
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	Table 1. Proposed minimum values ∆ [slot(s)]

	Scheduling

Scheduled
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	4
	2
	1
	0


Proposal 1: Support slot-level time gap for ∆ based on Table 1.

2.1.2 Multi-slot scheduling aspect
To support scheduling multiple PDSCHs or PUSCHs on a scheduled cell with higher SCS from a scheduling cell with lower SCS, three options can be considered as below:
Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)

·  In Rel-15, multiple PDCCH monitoring occasions in a slot can be configured by higher layer parameter monitoringSymbolsWithinSlot. Therefore, multi-slot scheduling can be supportable by Opt 1 for the UE with capability without specification impact.
Opt 2) Increase number of DCIs per PDCCH monitoring occasion
·  In Rel-15, the number of unicast DCIs per PDCCH monitoring occasion is restricted to 1 in most cases (as one exceptional case, 2 unicast DCIs are supported for TDD UL). Therefore, in Rel-16, the number of DCIs per monitoring occasion can be increased to schedules multiple PDSCHs/PUSCHs. To decide the number of DCIs, we need to take into account following potential disadvantages: 1) 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. 2) In NR, there is the limitation in the number of PDCCH candidates and, more importantly, non-overlapping CCEs that a UE can monitor.
Opt 3) Support multi-slot scheduling using 1 DCI

· This feature is already supported in LTE LAA and the corresponding functionalities provide a sufficient baseline for also supporting it in NR. Many disadvantages observed in Opt 2 can be resolved by taking Opt 3. Although multi-slot scheduling is an enhancement (not a fundamental feature that needs to be specified for this WI having limited TUs), it can be considered if it can be incorporated in a simple manner (e.g. from NR-U or LTE LAA) or if time permits. 
Proposal 2: Support multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell. To support this, following options can be considered:
· Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)
· Opt 2) Increase number of DCIs per PDCCH monitoring occasion
· Opt 3) Support multi-slot scheduling using 1 DCI
2.1.3 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 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 format scheduled 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 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 DCI formats for the cell.
2.2 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 TS38.213, 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 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 configuration for the scheduled cell in case of cross-carrier scheduling is quiet limited in Rel-15. Such a restricted search space configuration is not that problematic for cross-carrier scheduling with same numerology, however, the situation would be very different if we consider cross-carrier scheduling with different numerologies. As raised in [3], we need to carefully consider enhancements to search space configuration for cross-carrier scheduling.
Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.
2.3 Cross-carrier indication using DCI format 0_0/1_0
If cross-carrier scheduling is configured for a cell, a UE does not monitor the PDCCH candidates on the cell. Instead, the UE can monitor DCI format 0_1/1_1 in USS with carrier indicator field (CIF) in the scheduling cell for the scheduled cell. Once cross-carrier scheduling is configured for a cell, it is impossible to support some special functionalities (e.g., PDCCH order, DL SPS release, UL grant-free release) which are enabled by DCI format 0_0/1_0 since DCI format 0_0/1_0 does not have CIF. This means that the full functionalities cannot be supportable for the cell configured with cross-carrier scheduling. This should be improved in Rel-16.
Cross-carrier indication for PDCCH order
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows: 
-
Identifier for DCI formats – 1 bits

-
Frequency domain resource assignment –  
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-
Random Access Preamble index – 6 bits

-
UL/SUL indicator – 1 bit

-
SS/PBCH index – 6 bits 

-
PRACH Mask index – 4 bits

-
Reserved bits – 10 bits

To support cross-carrier indication for the cell configured with cross-carrier scheduling, 3 MSB bits from the 10bits reserved bits can be used for CIF.
Proposal 5: If cross-carrier scheduling is configure, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication field.
Cross-carrier indication for DL SPS/UL grant free release
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or configured UL grant Type 2 PDCCH if

-
the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
-
the new data indicator field for the enabled transport block is set to '0' (highlighted in blue in Table 1). 
If all fields highlighted in red in Table 1 for DCI format 0_0/1_0 are set to special values, the UE achieves validation of the DCI format as valid release of DL SPS or configured UL grant Type 1. 

Table 1. Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation

	DCI format 0_0 
	size or special field
	DCI format 1_0
	size or special field
	Need?

	Identifier for DCI formats
	1 bit
	Identifier for DCI formats
	1 bit
	Yes

	FDRA
	set to all '1's
	FDRA
	set to all '1's
	Yes

	TDRA
	4 bits
	TDRA
	4 bits
	No

	Frequency hopping flag
	1 bit
	VRB-to-PRB mapping
	1 bit
	No

	MCS
	set to all '1's
	MCS
	set to all '1's
	Yes

	New data indicator
	set to '0'
	New data indicator
	set to '0'
	Yes

	Redundancy version
	set to '00'
	Redundancy version
	set to '00'
	Yes

	HARQ process number
	set to all '0's
	HARQ process number
	set to all '0's
	Yes

	TPC for PUSCH
	2 bits
	DAI
	2 bits
	No

	-
	-
	TPC for PUCCH
	2 bits 
	No

	-
	
	PUCCH resource indicator
	3 bits
	No

	-
	
	PDSCH-to-HARQ indicator
	3 bits
	No


DCI format 0_0/1_0 validated as DL SPS/UL grant Type 2 release is just used for the release command, so that other DCI fields are ignored by the UE. This unnecessary fields could be used for potential CIF if cross-carrier scheduling is configured. Among the unnecessary fields in DCI format 0_0/1_0, TDRA field would be the best choice to use as CIF since the TDRA field exist in both DCI format 0_0 and 1_0, and the field size is larger than 3 bits.

Proposal 6: If cross-carrier scheduling is configure, 3 MSB bits of the TDRA field in DCI format 0_0/1_0 validated for DL SPS/UL grant Type 2 release are used for carrier indication field.
3 Conclusion

This contribution considered aspects related cross-carrier scheduling with different numerologies. Following proposals were made:
Proposal 1: Support slot-level time gap for ∆ based on Table 1.
Proposal 2: Support multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell. To support this, following options can be considered:

· Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)

· Opt 2) Increase number of DCIs per PDCCH monitoring occasion

· Opt 3) Support multi-slot scheduling using 1 DCI
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 DCI formats for the cell.
Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.

Proposal 5: If cross-carrier scheduling is configure, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication field.

Proposal 6: If cross-carrier scheduling is configure, 3 MSB bits of the TDRA field in DCI format 0_0/1_0 validated for DL SPS/UL grant Type 2 release are used for carrier indication field.
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