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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on the open issues of multi-cell scheduling via a single DCI in Rel-18 Multi-carrier enhancements.
In RAN1#110 meeting, regarding multi-cell PUSCH/PDSCH scheduling with a single DCI, RAN1 has extensively discussed the main open issues of DCI format design, maximum number of co-scheduled cells by a single DCI, DCI size budget, DCI field, as well as relevant HARQ-ACK enhancement. The corresponding agreements are made as below:
Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

Agreement
Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling

Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X

Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.

Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field

Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH

Agreement
For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.

Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.

Agreement
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.


In RAN#97 meeting, regarding multi-cell PUSCH/PDSCH scheduling with a single DCI, since there is a single TU planned in Q4 2022, how to perform down-scoping is discussed and below conclusions are made as RAN guidance:
Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18.
· Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.

Conclusion:
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling

Conclusion:
· Following is excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell

Hence, in this contribution, we present our views on detailed design to support single DCI scheduling multiple PDSCHs or PUSCHs on multiple cells. 

2. Discussion

2.1 DCI format 

In RAN1#110 meeting, for discussing field design of DCI format 0_X/1_X which schedules more than one cell, below three field types are considered:
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.

Based on the above DCI field type classification, RAN1 has already agreed Type-1A fields at least include identifier bit, DAI, TPC for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ timing indicator, and one-shot HARQ-ACK request; Type-2 fields at least include NDI per TB, RV per TB. Therefore, it is necessary to go through all the possible DCI fields and determine their corresponding DCI field types. 
· Indicator of co-scheduled cells
Regarding indicator of co-scheduled cells, there are three options on the table for down-selection:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not

Furthermore, there is one FFS on the maximum number of configurable cells for co-scheduling. We think this issue is relevant to the design of indicating the co-scheduled cells. Considering the maximum number of aggregated cells per cell group is 16, the maximum number of configurable cells for co-scheduling should be 16 for scheduling flexibility. In that sense, bitmap-based indication as mentioned in Option 2 has significant signaling overhead. 
The simple way is to jointly indicate each co-scheduled cell by a single field pointing to a scheduled cell combination from a RRC configured table. E.g., gNB configures a table of co-scheduled cells, where each entry defines one scheduled cell combination including one or multiple scheduled cells and the DCI indicates an entry from the table. Thus, the number of bits required for indicating the co-scheduled cells is only dependent on the number of entries in the table so that DCI overhead can be reduced. 
Proposal 1: The maximum number of configurable cells for co-scheduling is 16 in Rel-18.
Proposal 2: The co-scheduled cells are indicated in a DCI field pointing to one co-scheduled cell combination from a RRC configured table. 

· On BWP indicator
For DCI format 0_X/1_X which schedules multiple cells, it is impossible to use a single field for indicating the active BWPs for co-scheduled cells. Separate BWP indicator should be indicated for each co-scheduled cell. The number of BWP indicators in DCI format 0_X/1_X is equal to the maximum number of cells scheduled by the DCI format 0_X/1_X. 
Proposal 3: BWP indicator in DCI format 0_X/1_X is separate for each of co-scheduled cells.

· On FDRA field:
As for FDRA field, for a set of cells which can be co-scheduled by DCI format 0_X/1_X, since different cells may have different bandwidth in frequency domain and experience different channel property due to low channel correlation, it is impossible to use a single FDRA field indicating same frequency domain resource assignment for each co-scheduled cell. One straightforward way is to indicate separate FDRA field for each co-scheduled cell and the number of FDRA fields is equal to the maximum number of co-schedulable cells. The problem is how to determine the bit size for each FDRA field because UE can’t know which cells are scheduled before decoding the DCI format 0_X/1_X. To address this issue, the total bit size of FDRA field in DCI format 0_X/1_X should be equal to the maximum sum of FDRA bit sizes among all the co-scheduling cell combinations, which leads to huge signaling overhead.  
Another way is to joint indicate the FDRA fields via a single field in DCI format 0_X/1_X. A list of frequency domain resource assignment patterns is configured by RRC signaling and each entry of the list includes one or multiple FDRA fields with each FDRA field corresponding to one co-scheduled cell. Then DCI format 0_X/1_X indicates one entry from the list to the UE. Upon reception of this DCI, UE can know the assigned RBs on the respective co-scheduled cells. In this way, the number of bits for FDRA indication is dependent on the number of entries defined in the list so that DCI overhead can be greatly reduced.
Proposal 4: Frequency domain resource allocations for co-scheduled cells are joint indicated by FDRA field in DCI format 0_X/1_X by pointing to one FDRA combination from a RRC configured list. 

· On TDRA field:
As for TDRA, as already specified in Rel-16/17 standards, time domain resource allocation for multiple slots scheduled by a single DCI can be joint indicated by pointing to one entry of a RRC configured TDRA list, where each entry defines one or multiple separate K0 values, mapping types, and SLIVs. This legacy operation can be directly extended to multi-cell scheduling, i.e., time domain resource allocation for co-scheduled cells can be joint indicated by pointing to one entry of a RRC configured TDRA list and each entry defines one or multiple separate K0 values, mapping types, and SLIVs. In that sense, the signaling overhead for TDRA indication can be reduced.
Proposal 5: Time domain resource allocations for co-scheduled cells are joint indicated by TDRA field in DCI format 0_X/1_X by pointing to one TDRA combination from a RRC configured list.

· On VRB-to-PRB mapping, PRB bundling size indicator, Rate matching indicator:
Regarding above three fields, to keep the flexibility, these fields can be shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 6: VRB-to-PRB mapping, PRB bundling size indicator, and rate matching indicator in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.

· On MCS:
Regarding MCS, considering less correlation among co-scheduled cells, MCS should be separately indicated in the multi-cell scheduling DCI with each MCS corresponding to one co-scheduled cell, which is similar to the case where maximum two codewords can be scheduled per TB. 
Proposal 7: Separate MCS fields are included in DCI format 0_X/1_X.

· On HARQ process number:
Regarding HARQ process number indication, reusing same mechanism as Rel-16 NR-U for save signaling overhead will lead to restriction on scheduling as HARQ process management is per cell. So separate HARQ process numbers are required for co-scheduled cells.
Proposal 8: Separate HARQ process numbers are included in DCI format 0_X/1_X.

· ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, DMRS sequence initialization
Regarding above fields, to keep the flexibility, these fields can be shared or separate to co-scheduled cells dependent on RRC configuration. 
Proposal 9: ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, and DMRS sequence initialization in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.

· Priority indicator
Regarding priority indicator, firstly, we think the set of cells co-scheduled by one DCI format 1_X should have same priority considering the HARQ-ACK feedback for the co-scheduled cells is to be transmitted in same PUCCH. In that sense, there is one bit priority indication in DCI format 1_X indicating common priority information to all co-scheduled cells. 
Secondly, for the set of cells co-scheduled by one DCI format 0_X, we prefer same priority for co-scheduled cells for simplification.
Proposal 10: Single bit priority indicator is included in DCI format 0_X/1_X indicating same priority for co-scheduled cells.

· ChannelAccess-CPext
Regarding channel access information for unlicensed spectrum, we are supportive to have baseline operation without optimization. 
For the set of cells co-scheduled by one DCI format 1_X, if both licensed cells and unlicensed cells are included, it makes more sense that PUCCH is transmitted on licensed cell. In that sense, channel access field is not required. Only when all the co-scheduled cells are unlicensed, this field is mandatory. Since HARQ-ACK feedback for all co-scheduled cells is to be transmitted in one PUCCH, a single ChannelAccess-CPext is sufficient in DCI format 1_X. 
For the set of cells co-scheduled by one DCI format 0_X, as long as one unlicensed cell is included, this field is mandatory. When two or more unlicensed cells are scheduled, including separate CAPC/channel access type/CPE in DCI format 0_X could be adaptive to the respective PUSCH so as to maximum flexibility. However, this requires more bits for cell-specific indication. Actually, UE can autonomously determine channel access type according to whether the scheduled PUSCH transmission is inside of gNB initiated COT or not and CAPC according to its traffic information. In this way, a single ChannelAccess-CPext is sufficient in DCI format 0_X.
Proposal 11: Single ChannelAccess-CPext is included in DCI format 0_X/1_X indicating same channel access information for co-scheduled cells.

· On PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication
We think DCI format 0_X/1_X is aiming at multi-cell scheduling for improving data rate so that other purposes should not be considered as much as possible to simplify DCI format design and reduce DCI payload size. In that sense, above fields should be not included in DCI format 0_X/1_X.
Proposal 12: PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, and SCell dormancy indication are excluded from DCI format 0_X/1_X.

· CBGTI/CBGFI, PDSCH group index, new feedback indicator and number of requested PDSCH groups
According to below agreements, CBGTI/CBGFI, PDSCH group index, new feedback indicator and number of requested PDSCH groups should be excluded from DCI format 0_X/1_X.
	Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.

Conclusion
Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.



Proposal 13: CBGTI/CBGFI, PDSCH group index, new feedback indicator, and number of requested PDSCH groups are excluded from DCI format 0_X/1_X.

Based on above analysis, the DCI field type classification is shown in Table 1.

Table 1: DCI fields of multi-cell PDSCH scheduling 

	Fields of multi-cell PDSCH scheduling DCI
	Field types

	Identifier for DCI formats
	Type-1

	Indicator of co-scheduled cells
	

	Bandwidth part indicator
	Type-2

	Frequency domain resource assignment
	Type-1

	Time domain resource assignment
	

	VRB-to-PRB mapping
	Type-3

	PRB bundling size indicator
	

	Rate matching indicator
	

	ZP CSI-RS trigger
	

	Modulation and coding scheme
	Type-2

	New data indicator
	

	Redundancy version
	

	HARQ process number
	

	Downlink assignment index
	Type-1

	TPC for scheduled PUCCH
	

	PUCCH resource indicator
	

	HARQ timing indicator
	

	One-shot HARQ-ACK request
	

	Antenna port(s)
	Type-3

	TCI
	

	SRS request
	

	DMRS sequence initialization
	

	Priority indicator
	Type-1

	ChannelAccess-CPext
	

	CRC
	




According to the DCI field type classification in Table 1, an analysis on DCI payload size is provided in Table 2 with the assumptions of single DCI scheduling one, two, four, six and eight cells for PDSCH transmission. For calculation purpose, we assume maximum number of entries defined in the RRC list for frequency domain resource allocation and maximum number of entries defined in the RRC list for time domain resource allocation are increased for 2/4/6/8-cell joint scheduling for a certain scheduling flexibility. For each of Type-3 fields, the number of required bits is determined based on the concrete RRC configuration with two values given for each of 2/4/6/8-cell PDSCH scheduling DCI: a first value is assumed with shared field for all the scheduled cells and a second value is assumed with separate field for each of the scheduled cells. In that sense, the first value can be a lower-bound while the second value can be an upper-bound for the corresponding field.

Table 2: Payload size of multi-cell PDSCH scheduling (100 PRBs are assumed)

	Fields of multi-cell PDSCH scheduling DCI
	Single-cell scheduling (bits)
	Field type
	2-cell scheduling (bits)
	4-cell scheduling (bits)
	6-cell scheduling (bits)
	8-cell scheduling (bits) 

	Identifier for DCI formats
	1
	Type-1
	1
	1 
	1
	1

	Indicator of co-scheduled cells
	3
	Type-1
	3
	3
	3
	3

	Bandwidth part indicator
	2
	Type-2
	4
	8
	12
	16

	Frequency domain resource assignment
	13
	Type-1
	6
	8
	10
	10

	Time domain resource assignment
	4
	Type-1
	4
	5
	6
	6

	VRB-to-PRB mapping
	1
	Type-3 
	1/2
	1/4
	1/6
	1/8

	PRB bundling size indicator
	1
	Type-3 
	1/2
	1/4
	1/6
	1/8

	Rate matching indicator
	2
	Type-3
	2/4 
	2/8
	2/12
	2/16

	ZP CSI-RS trigger
	2
	Type-3
	2/4
	2/8
	2/12
	2/16

	Modulation and coding scheme
	5
	Type-2
	10
	20
	30
	40

	New data indicator
	1
	Type-2
	2
	4
	6
	8

	Redundancy version
	2
	Type-2
	4
	8
	12
	16

	HARQ process number
	4
	Type-2
	8
	16
	24
	32

	Downlink assignment index
	4
	Type-1
	4
	4
	4
	4

	TPC for scheduled PUCCH
	2
	Type-1
	2
	2
	2
	2

	PUCCH resource indicator
	3
	Type-1
	3
	3
	3
	3

	HARQ timing indicator
	3
	Type-1
	3
	3
	3
	3

	One-shot HARQ-ACK request
	1
	Type-1
	1
	1
	1
	1

	PDSCH group index
	1
	Type-1
	-
	-
	-
	-

	New feedback indicator
	1
	Type-1
	-
	-
	-
	-

	Number of requested PDSCH group(s)
	1
	Type-1
	-
	-
	-
	-

	Antenna port(s)
	4
	Type-3
	4/8
	4/16
	4/24
	4/32

	TCI
	3
	Type-3
	3/6
	3/12
	3/18
	3/24

	SRS request
	2
	Type-3
	2/4
	2/8
	2/12
	2/16

	CBGTI
	8
	-
	-
	-
	-
	-

	CBGFI
	1
	-
	-
	-
	-
	-

	DMRS sequence initialization
	1
	Type-3
	1/2
	1/4
	1/6
	1/8

	Priority indicator
	1
	Type-1
	1
	1
	1
	1

	ChannelAccess-CPext
	2
	Type-1
	2
	2
	2
	2

	Minimum applicable scheduling offset indicator
	1
	-
	-
	-
	-
	-

	SCell dormancy indication
	2
	-
	-
	-
	-
	-

	Total size excluding CRC (bits)
	82
	
	74~90
	103~153
	136~216
	164~276


	
	
	
	



	According to the example shown in Table 2, the payload sizes of 2/4/6/8-cell PDSCH scheduling DCI are calculated according to DCI field type classification in Table 1. 
Based on Table 2,
· for two-cell scheduling DCI, the payload size is within the range from 74 bits to 90 bits excluding 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and common or separate indication for each Type-3 field. 
· for four-cell scheduling DCI, the payload size is within the range from 103 bits to 153 bits excluding 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and common or separate indication for each Type-3 field. 
· for six-cell scheduling DCI, the payload size is within the range from 136 bits to 216 bits excluding 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and. 
· for eight-cell scheduling DCI, the payload size is within the range from 164 bits to 276 bits including 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and. 

According to the results shown in Table 2, it is obvious that 4-cell scheduling DCI can have a reasonable payload size dependent on RRC configuration. However, the minimum payload size of 8-cell scheduling DCI exceeds the limitation of max 140 bits for Polar code. Hence, the maximum number of cells which can be scheduled by a single DCI should not be larger than 4. RRC signaling is used to configure the maximum number of cells which can be scheduled by a single DCI from a set of possible values of 2, 3, and 4. According to this RRC configured information, UE can derive the DCI payload size.
Based on analysis above, we have below proposals:
Proposal 14: Confirm the working assumption that the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is 4.
Proposal 15: For a UE, the maximum number of cells which can be co-scheduled by the DCI is configured by RRC signaling from a set of possible values of 2, 3 and 4.

	
	
	


2.2 HARQ relevant enhancement

Regarding HARQ-ACK codebook determination for co-scheduled cells, a fundamental issue is whether a UE can be simultaneously configured multi-cell scheduling and multi-slot scheduling on same or different cells within a same PUCCH group. This issue has been extensively discussed in RAN1#109e and RAN1#110 as well as RAN#97 meeting.
When configuring multi-cell scheduling and multi-slot scheduling in same PUCCH group, the number of HARQ-ACK sub-codebooks may be larger than 2: a first sub-codebook for single PDSCH scheduling, a second sub-codebook for multiple PDSCHs on same cell co-scheduled by a DCI, a third sub-codebook for multiple PDSCHs on different cells co-scheduled by a single DCI. 
To avoid a complicated HARQ-ACK codebook, it does make sense not to support simultaneous configuration of multi-cell scheduling and multi-slot PDSCH scheduling within a same PUCCH group. In this way, the number of sub-codebooks will not exceed two.
Proposal 16: Simultaneous configuration of multi-cell scheduling and multi-PDSCH scheduling within a same PUCCH group is not supported in Rel-18.

Furthermore, regarding Type-2 HARQ-ACK codebook determination, agreement is made in RAN1#110 and listed as below.
	Agreement
For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.




As shown in above, for Type-2 HARQ-ACK codebook, there are two FFS issues need to be addressed in this meeting. As for the first FFS, we think whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook should be based on the number of co-scheduled cells indicated in the DCI, which follows the legacy operation in Rel-17 above 52.6GHz. 
For the second FFS, how to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell when at least one of cells co-scheduled by the DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling. Considering the maximum number of cells co-scheduled by one DCI format 1_X is 4, when there is only one cell configured with maximum 2 codewords per PDSCH in the set of co-scheduled cells, the number of HARQ-ACK information bits for each DCI format 1_X is 8 without any optimization. To avoid any unnecessary overhead in HARQ-ACK sub-codebook generation, determining the number of HARQ-ACK information bits per DCI format 1_X according to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations can lead to least signaling overhead. 
Based on analysis above, we have below proposals:
Proposal 17: For Type-2 HARQ-ACK codebook, whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook is based on the number of co-scheduled cells indicated in the DCI.
Proposal 18: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits per DCI format 1_X is equal to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations.

Regarding HARQ-ACK feedback timing determination for co-scheduled cells, as agreed in RAN1#110, a single PDSCH-to-HARQ_feedback timing indicator is included in the DCI format 1_X for indicating a slot-level timing offset between a slot where a reference PDSCH is received and the PUCCH slot. Thus, the PUCCH slot is determined based on the reference PDSCH and the indicated K1 value. 
Since HARQ-ACK feedback for co-scheduled PDSCHs is to be transmitted in same PUCCH, the reference PDSCH should be the last PDSCH among the co-scheduled PDSCHs so that UE can have sufficient processing time to decode all the co-scheduled PDSCHs and prepare one PUCCH. 
Proposal 19: The last PDSCH among PDSCHs co-scheduled by one DCI format 1_X is used as the reference PDSCH for determining the PUCCH slot.

2.3 PDCCH monitoring 

Regarding PDCCH monitoring for multi-cell scheduling and single cell scheduling, RAN1#110 reaches below working assumption.
	Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X




In RAN1#110, new DCI format introduced for multi-cell scheduling has been agreed. The multi-cell scheduling DCI can be used for scheduling a single cell or multiple cells. Although using multi-cell scheduling DCI for scheduling a single cell is not economical as too much padding bits have to be included in the scheduling DCI, it gives the full scheduling flexibility for gNB. One open issue for a UE is whether to monitor both multi-cell scheduling DCI and legacy single cell scheduling DCI for a same scheduled cell.
Since the multi-cell scheduling is used in CA case for increasing data rate, for a scheduled cell within a set of configured cells which can be co-scheduled by DCI 0-X/1-X from a scheduling cell, in case of small data packet or retransmission, there is one possibility that gNB needs to only schedule a single cell, e.g., a single scheduled cell. Using legacy DCI for single-cell scheduling can greatly save CCE resources and obtain wide coverage which is more efficient than using DCI format 0-X/1-X to do it although using DCI format 0-X/1-X can achieve single cell scheduling. On the other hand, UE may need to monitor fallback DCI from the scheduling cell. In that sense, simultaneously monitoring DCI 0-X/1-X and legacy DCI format from a same scheduling cell for a scheduled cell is needed. 
One open issue is whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. Considering each cell of the set of cells may be scheduled for retransmission via a single cell scheduling manner and HARQ retransmission is performed per cell, it makes sense to support monitoring both DCI format 0_X/1_X and the legacy DCI format(s) for all cells within the set of cells.
Regarding the 2nd FFS, the number of different DCI sizes for DCI format 0_X/1_X and for legacy DCI formats, we think the existing DCI size budget should be maintained per scheduled cell so as to avoid extra UE blind detection effort. This issue is discussed in BD/CCE counting and DCI size budget for multi-cell scheduling DCI. 
As for the 3rd FFS, for the scheduled cell, whether to monitor a subset or all legacy DCI format(s) with DCI format 0_X/1_X should be configurable. E.g., it is feasible to configure monitoring both DCI format 0_0/1_0 and DCI format 0_X/1_X for a scheduled cell, i.e., using DCI format 0_X/1_X for multi-cell scheduling and DCI format 0_0/1_0 for fallback operation or single cell scheduling. Alternatively, it is also possible to configure monitoring both DCI format 0_1/1_1 and DCI format 0_X/1_X for a scheduled cell, i.e., using DCI format 0_X/1_X for multi-cell scheduling and DCI format 0_1/1_1 for single cell scheduling. It should be dependent on gNB configuration.
Based on analysis above, we have below proposals:
Proposal 20: Confirm the working assumption that for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell.
Proposal 21: Support monitoring DCI format 0_X/1_X and legacy DCI format(s) for all cells within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.
Proposal 22: It is up to gNB configuration to support monitoring a subset or all legacy DCI format(s) with DCI format 0_X/1_X for a cell within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.

According to the framework of search space configuration for legacy cross-carrier scheduling, the corresponding search space set is separately configured for each scheduled cell with the necessary information of search space ID, the number of PDCCH candidate and corresponding aggregation level for cross-carrier scheduling. Search space set linking is adopted for a UE to monitor PDCCH for a scheduled cell in a search space configured on the scheduling cell with same search space set ID. Based on search space linking, for cross-carrier scheduling, the UE monitors the PDCCH candidates on the scheduling cell according to the search space configuration on the corresponding scheduled cell. 
For Rel-18 multi-cell scheduling, since the multi-cell scheduling DCI can schedule multiple cells, one issue needs to be discussed is whether the search space set configuration on the number of PDCCH candidates per aggregation level is configured for each co-scheduled cell, a subset of co-scheduled cells or a single scheduled cell of the co-scheduled cells. This issue has been discussed in RAN1#110 with relevant proposal in FL summay#6.
	· Proposal 2-8rev2:
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Other alternatives are not precluded.



Firstly, we think the legacy search space linkage should be followed when designing the search space configuration for multi-cell scheduling DCI. Hence, the search space of DCI format 0_X/1_X should be configured on scheduled cell instead of scheduling cell. Secondly, we think it is up to gNB configuration to determine which cells within the set of cells that can be co-scheduled by DCI format 0_X/1_X are configured with search space for DCI format 0_X/1_X. It could be a single cell, a subset or all cells within the set of cells, dependent on gNB configuration so as to give full flexibility to gNB.
Proposal 23: It is up to gNB to configure search space for DCI format 0_X/1_X on one or multiple cells within a set of cells that can be co-scheduled by the DCI format 0_X/1_X.

Regarding DCI size budget and BD/CCE counting for multi-cell scheduling DCI, below proposals are extensively discussed in RAN1#110 meeting and captured in FL summary#6.
	(Merged)Proposal 2-6 and Proposal 2-7rev3:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e., and) in the case where there is only one scheduling cell per scheduled cell is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same cell among the cells that can be potentially scheduled by DCI 0_X/1_X.
· Alt 3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.



Firstly, existing “3+1” DCI size budget should be maintained per scheduled cell in order to avoid extra blind detection complexity for a UE. This should be the baseline principle.
Secondly, for Alt 1, if both DCI size and BD/CCE of DCI formats 0_X/1_X are counted for each of the set of cells which can be co-scheduled by DCI format 0_X/1_X, then the DCI size budget and BD/CCE budget are over-calculated and lead to budget waste. For Alt 4, we think the legacy search space linkage should be followed when designing the search space configuration for multi-cell scheduling DCI so that both DCI size and BD/CCE of DCI format 0_X/1_X should be counted on scheduled cell instead of scheduling cell. 
For Alt 2, the intention is count DCI size of DCI format 0_X/1_X only on one scheduled cell which is also used for counting BD/CCE of the DCI format 0_X/1_X. The scheduled cell is configured by gNB according to PDCCH monitoring candidates on each scheduled cell with the prerequisite of maintaining legacy DCI size and BD/CCE budget on each scheduled cell. Following the legacy search space linkage, this scheduled cell should be configured with search space for monitoring DCI format 0_X/1_X. In that sense, Alt 2 and Alt 3 can be merged.
Based on above discussion, we have below proposals:
Proposal 24: Existing “3+1” DCI size budget is maintained per scheduled cell.
Proposal 25: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only on one cell configured with search space for monitoring DCI format 0_X/1_X within a set of cells which can be co-scheduled by the DCI format 0_X/1_X .

Regarding the DCI format design for multi-cell PDSCH/PUSCH scheduling, for a cell within a set of cells which can be co-scheduled by one DCI format 0_X/1_X, if UE is configured to simultaneously monitor both DCI format 0_X/1_X for scheduling one or multiple cells within the set of cells including the cell and DCI format 1-0/0-0/0_1/1_1 for scheduling single cell, then existing “3+1” DCI size budget can’t be maintained, i.e., fallback DCI, DCI format 0_1 for single cell scheduling, DCI format 1_1 for single cell scheduling, DCI format 0_X for one or multiple cell scheduling, and DCI format 1_X for one or multiple cell scheduling, where there may be 5 different DCI sizes with CRC scrambled by C-RNTI. 
To avoid standardization effort on DCI size alignment to maintain “3+1” DCI size budget, the simplest way is to configure the payload size of DCI format 0_X/1_X by RRC signaling. How to align the DCI payload size is left for gNB implementation.
Based on above discussion, we have below proposals:
Proposal 26: The payload size of DCI format 0_X/1_X is configured by RRC.

A second issue is about determining the CCEs for monitoring the multi-cell scheduling DCI. In legacy cross-carrier scheduling, for a scheduled cell, the CCEs for each configured aggregation level of PDCCH candidates are determined based on below equation, where  is the CIF value configured by CrossCarrierSchedulingConfig. Since different CIF values are configured for different scheduled cells, the CCE indices of different PDCCH candidates can be distinguished based on different CIF values in below equation.
[image: ]
For Rel-18 multi-cell scheduling, since multiple cells can be simultaneously scheduled via a single DCI format 0_X/1_X, one issue is how to determine n_CI value for co-scheduled cells. This issue has been discussed in RAN1#110 with relevant proposal in FL summay#6.
	· Proposal 2-9:
· For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.



For Alt 2, the n_CI is determined by a value configured for each combination of co-scheduled cells within the set of cells. The problem is Alt 2 will lead to different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X. Similar problem happens for Alt 3 if multiple values are configured for multiple combinations of co-scheduled cells within the set of cells. 
Alt 1 is straightforward to configure a single value for the whole set of cells so that there is only one CCE index for monitoring DCI format 0_X/1_X. Upon detection of the DCI format 0_X/1_X, UE can know which cells are scheduled by checking the indicator of co-scheduled cells. 
Based on above discussion, we have below proposals:
Proposal 27: A single value is configured as n_CI for a set of cells which can be co-scheduled by DCI format 0_X/1_X .

3. Conclusion
In this contribution, we focus on the open issues for using a single DCI format to schedule two PDSCHs on two different cells and have below observations and proposals:
Proposal 1: The maximum number of configurable cells for co-scheduling is 16 in Rel-18.
Proposal 2: The co-scheduled cells are indicated in a DCI field pointing to one co-scheduled cell combination from a RRC configured table. 
Proposal 3: BWP indicator in DCI format 0_X/1_X is separate for each of co-scheduled cells.
Proposal 4: Frequency domain resource allocations for co-scheduled cells are joint indicated by FDRA field in DCI format 0_X/1_X by pointing to one FDRA combination from a RRC configured list. 
Proposal 5: Time domain resource allocations for co-scheduled cells are joint indicated by TDRA field in DCI format 0_X/1_X by pointing to one TDRA combination from a RRC configured list.
Proposal 6: VRB-to-PRB mapping, PRB bundling size indicator, and rate matching indicator in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 7: Separate MCS fields are included in DCI format 0_X/1_X.
Proposal 8: Separate HARQ process numbers are included in DCI format 0_X/1_X.
Proposal 9: ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, and DMRS sequence initialization in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 10: Single bit priority indicator is included in DCI format 0_X/1_X indicating same priority for co-scheduled cells.
Proposal 11: Single ChannelAccess-CPext is included in DCI format 0_X/1_X indicating same channel access information for co-scheduled cells.
Proposal 12: PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, and SCell dormancy indication are excluded from DCI format 0_X/1_X.
Proposal 13: CBGTI/CBGFI, PDSCH group index, new feedback indicator, and number of requested PDSCH groups are excluded from DCI format 0_X/1_X.
Proposal 14: Confirm the working assumption that the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is 4.
Proposal 15: For a UE, the maximum number of cells which can be co-scheduled by the DCI is configured by RRC signaling from a set of possible values of 2, 3 and 4.
Proposal 16: Simultaneous configuration of multi-cell scheduling and multi-PDSCH scheduling within a same PUCCH group is not supported in Rel-18.
Proposal 17: For Type-2 HARQ-ACK codebook, whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook is based on the number of co-scheduled cells indicated in the DCI.
Proposal 18: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits per DCI format 1_X is equal to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations.
Proposal 19: The last PDSCH among PDSCHs co-scheduled by one DCI format 1_X is used as the reference PDSCH for determining the PUCCH slot.
Proposal 20: Confirm the working assumption that for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell.
Proposal 21: Support monitoring DCI format 0_X/1_X and legacy DCI format(s) for all cells within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.
Proposal 22: It is up to gNB configuration to support monitoring a subset or all legacy DCI format(s) with DCI format 0_X/1_X for a cell within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.
Proposal 23: It is up to gNB to configure search space for DCI format 0_X/1_X on one or multiple cells within a set of cells that can be co-scheduled by the DCI format 0_X/1_X.
Proposal 24: Existing “3+1” DCI size budget is maintained per scheduled cell.
Proposal 25: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only on one cell configured with search space for monitoring DCI format 0_X/1_X within a set of cells which can be co-scheduled by the DCI format 0_X/1_X .
Proposal 26: The payload size of DCI format 0_X/1_X is configured by RRC.
Proposal 27: A single value is configured as n_CI for a set of cells which can be co-scheduled by DCI format 0_X/1_X .
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