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Introduction  
This contribution considers remaining topics on Rel-16 CA and DC.

Scheduling from Smaller SCS to Larger SCS
It is generally understood that the most important case for cross-carrier scheduling with mixed SCS is for a scheduling cell with a smaller SCS than a scheduled cell. To support scheduling of multiple PDSCHs on a scheduled cell with larger SCS from a scheduling cell with smaller SCS, possible options include having multiple PDCCH monitoring occasions (MOs) per slot (FG 3-5b), increasing the number of DCI formats that a UE can detect per PDCCH MO, or using multi-slot scheduling. These options were previously discussed in RAN1 and on the email reflector after RAN1#98. 

In Rel-15, a UE can detect in a PDCCH MO two DCI formats scheduling two PDSCHs or two PUSCHs on a same cell. HARQ-ACK codebook generation assumes different HARQ-ACK timing for the two PDSCHs. This is because, unlike Rel-16, there was no strong motivation for such support, the use-cases for the feature did not exist, and its introduction was late in the Rel-15 specification phase. 

To support a same HARQ-ACK codebook for PDSCHs on a same cell scheduled by DCI formats that a UE detects in a same PDCCH MO, the counter DAI can be used to count the DCI formats. The pseudocode for the HARQ-ACK codebook generation in section 9.1.3.1 of TS 38.213 can first operate across counter DAI values before moving to cells and PDCCH MOs. Basically, one more ‘while’ loop can be included in the pseudo-code to count DCI formats that a UE detects in a PDCCH MO and schedule PDSCHs on a same cell – no other specification support is needed. 

Assuming scheduling from 30 kHz to 60 kHz or 120 kHz, the existing 2-bit counter DAI is sufficient. It can also be sufficient for scheduling from 15 kHz to 120 kHz if the maximum number of DCI formats scheduling PDSCHs per PDCCH MO is limited to 4 (and different PDCCH MOs are used within a slot of the scheduling cell); otherwise, the counter DAI needs to increase to 3 bits. Given that scheduling from 30 kHz to 120 kHz is typical and given that scheduling from 15 kHz to 120 kHz can be accommodated by gNB implementation (using multiple PDCCH MOs within a slot by monitoringSymbolsWithinSlot – i.e. FG 3-5b), the DAI sizes can be kept to 2 bits. Relying only on FG 3-5b is also possible but will result to significant fragmentation of the schedulable resources on the scheduling cell and PDSCH reception on the scheduling cell will often need to be rate matched around CORESETs that do not convey any PDCCH. 

Proposal 1: Use the counter DAI to order in a HARQ-ACK codebook HARQ-ACK information bits for multiple PDSCH receptions on a cell scheduled by respective multiple DCI formats in a PDCCH MO on a scheduling cell.


QCL related issues
In RAN1#97, it was agreed that if the PDCCH-to-PDSCH delay is smaller than timeDurationForQCL or if the TCI information is absent from DCI format 1_1, a 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.
In [1], it is discussed that how to handle QCL assumptions other than QCL-TypeD when a TCI field is present in DCI format 1_1 and PDCCH-to-PDSCH delay is smaller than timeDurationForQCL. For this case, it is preferred that the UE obtains the other QCL assumptions from the default TCI state (i.e., TCI state with the lowest ID), as for QCL-TypeD. Otherwise, the UE may need to obtain QCL-TypeD and the other QCL assumptions from the two different TCI states for a PDSCH if the indicated TCI state is not the default TCI state. If the gNB schedules PDSCH with scheduling offset smaller than timeDurationForQCL, it is more likely that the gNB intends to use the default TCI state for the scheduled PDSCH.
If none of configured TCI states contains QCL-TypeD, the UE can obtain the other QCL assumptions from the indicated TCI state as specified in Rel-15.

Proposal 2: When a PDSCH and its scheduling PDCCH are in different CCs, if the TCI field is present in DCI format 1_1 and the time offset between the reception of DCI format 1_1 and the corresponding PDSCH is smaller than timeDurationForQCL, a UE obtains QCL assumptions other than QCL-TypeD from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

In RAN1#97, it was agreed that timeDurationForQCL is determined based on the numerology of the scheduled PDSCH. As noted in [2], for cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL needs to increase since PDCCH decoding on a cell with smaller SCS requires a longer time than on a cell with larger SCS. To re-define timeDurationForQCL, the minimum scheduling offset (offset) defined cross-carrier scheduling from the cell with smaller SCS to the cell with higher SCS (Table 1) can be included in addition to the original timeDurationForQCL. 
Table 1. Minimum scheduling offset (offset) for CCS with different numerologies
	                       Scheduling cell SCS
Scheduled cell SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	-
	-
	-
	-

	30 kHz
	8
	-
	-
	-

	60 kHz
	16
	8
	-
	-

	120 kHz
	32
	16
	16
	-



Proposal 3: For cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL is defined as offset  + X where X is the value in FG 2-2 based on the SCS of the scheduled cell.

Cross-carrier indication using DCI format 0_0/1_0
Once cross-carrier scheduling is configured for a cell, it is not possible to support some essential NR functionalities, e.g., PDCCH order, DL SPS release, UL grant-free release, on the cell as those functionalities are enabled by DCI format 0_0/1_0 and DCI format 0_0/1_0 do not include the CIF field. Therefore, for example for a cell on FR2, a UE cannot transmit PRACH by PDCCH order or have a CG-PUSCH release. This compromises deployments with cross-carrier scheduling that are nevertheless essential for NR and should be supported 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 is 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 –   bits
-	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 a cell configured with cross-carrier scheduling, the 3 MSB bits from the 10 reserved bits can be used for CIF.
Proposal 4: For a cross-carrier scheduled cell, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used as carrier indication.

Cross-carrier indication for DL SPS/UL grant Type2 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 2 for DCI format 0_0/1_0 are set to special values, the UE considers that the DCI format provides valid release of DL SPS or configured UL grant Type 2. 
Table 2. 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



For DL SPS, there is only one DL SPS configuration per cell group (for eMBB). Therefore, DCI format 1_0 can still be used for release of the DL SPS. In other words, if the UE receives DCI format 1_0 corresponding to the DL SPS release command, the UE releases DL SPS.
For UL grant Type 2, cross-carrier indication is needed since UL grant Type 2 resources can be configured in more than one cells. As described in Table 2, DCI format 0_0 validated as UL grant Type 2 release is only used for the release purpose and other fields are ignored by the UE. Those fields can be used as CIF if cross-carrier scheduling is configured. Among the unused fields in DCI format 0_0, the TDRA field is the best choice for CIF as it includes more than 3 bits.
Proposal 5: For SPS PDSCH, a UE can receive a DCI format 1_0 corresponding to SPS PDSCH release on a scheduling cell and releases the SPS PDSCH on a cell where the SPS PDSCH is configured.
Proposal 6: For UL grant Type 2 release on a cell, 3 MSB bits of the TDRA field in DCI format 0_0 validated for UL grant Type 2 release are used for carrier indication field if cross-carrier scheduling is configured for the cell.

Conclusions
This contribution considered remaining aspects on CA and DC operation in Rel-16 NR and proposes the following.

Proposal 1: Use the counter DAI to order in a HARQ-ACK codebook HARQ-ACK information bits for multiple PDSCH receptions on a cell scheduled by respective multiple DCI formats in a PDCCH MO on a scheduling cell.

Proposal 2: When a PDSCH and its scheduling PDCCH are in different CCs, if the TCI field is present in DCI format 1_1 and the time offset between the reception of DCI format 1_1 and the corresponding PDSCH is smaller than timeDurationForQCL, a UE obtains QCL assumptions other than QCL-TypeD from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

Proposal 3: For cross-carrier scheduling from a cell with smaller SCS to a cell with larger SCS, timeDurationForQCL is defined as offset  + X where X is the value in FG 2-2 based on the SCS for the scheduled cell.

Proposal 4: For a cross-carrier scheduled cell, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication.

Proposal 5: For SPS PDSCH, a UE can receive a DCI format 1_0 corresponding to SPS PDSCH release on a scheduling cell and releases the SPS PDSCH on a cell where the DL SPS is configured.

Proposal 6: For UL grant Type 2 release on a cell, 3 MSB bits of the TDRA field in DCI format 0_0 validated for UL grant Type 2 release are used for carrier indication field if cross-carrier scheduling is configured for the cell.
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