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1. Introduction
At the RAN#94e meeting, a new WID on Multi-carrier enhancements (NR_MC_enh) was approved and it was revised at the RAN#96 and RAN#97-e meetings [1]. The objectives of the core part WI are shown below.
	[bookmark: _Hlk101907526]1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In this contribution, we discuss on the objective 1, i.e., multi-cell PUSCH/PDSCH scheduling with a single DCI.


2. Discussion
Based on the following agreement made at the RAN1#109-e meeting, DCI which schedules multiple PUSCHs/PDSCHs on multiple cells is described as DCI format 0_X/DCI format 1_X respectively in this contribution.

	Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.




2.1. The framework of multi-carrier scheduling
At the RAN1#110bis-e meeting, the followings were agreed.
	Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell DCI size of the DCI format 0_X/1_X is counted on.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell BD/CCE of the DCI format 0_X/1_X is counted on.
· Search space of DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space of the scheduling cell with the same search space ID.
· FFS which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How to address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.

Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
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



Based on above and the discussion at the previous meeting, we provide our understanding on the “set of cells” framework below.
· A set of cells includes the possible cells co-scheduled by single DCI format 0_X/1_X.
· A set of cells is configured via RRC table.
· Each row of the table represents the combination of actually scheduled cell(s).
· One of the rows of the table is indicated via indicator in the DCI format 0_X/1_X.
· The maximum number of configurable cells for a set of cells is 4.
· Multiple sets of cells can be configured for a UE via multiple RRC tables, e.g., one set of cells can be co-scheduled by one DCI format 0_X/1_X while another set of cells can be co-scheduled by another DCI format 0_X/1_X.
· A cell belongs to at most one set of cells and cannot be included in multiple sets of cells.

As described above, RRC table for the set of cells configuration is configured for each set of cells, i.e., multiple tables can be configured for a UE. Then, based on the RRC-configured table(s), a UE can determine which cells are included in a set of cells.
In addition, the maximum number of configurable cells for a set of cells needs to be clarified. It was agreed that the maximum number of co-scheduled cells is 4, thus at least 4 cells should be the maximum number of configurable cells for a set of cells. It was also agreed that the DCI size of the DCI format 0_X/1_X is counted on the one of the cells in a set of cells. In our understanding, this implies that each field size of DCI format 0_X/1_X is determined considering all the cells included in the set of cells and then the whole size of DCI format 0_X/1_X is determined for the set of cells. Therefore, as the maximum number of configurable cells for a set of cells is getting larger, the configuration of the DCI format 0_X/1_X fields would be complicated. Furthermore, if the number of configurable cells is not restricted, the size of set of cells configuration table would be larger to express all the possible combinations of scheduled cells, then the bit width of co-scheduled cell indicator in the DCI format 0_X/1_X would be larger. However, if the maximum number of configurable cells is restricted as 4, the required bit width for co-scheduled cell indicator to express all the possible combinations of co-scheduled cells is 4 at most. Even if the number of configurable cells for a set of cells is restricted as 4, the multi-cell scheduling via single DCI can be realized for more than 4 cells by allowing the configuration of multiple sets of cells and corresponding multiple DCI formats 0_X/1_X. Therefore, to simplify the DCI size determination, the maximum number of configurable cells for a set of cells should be 4. In our understanding, the size of co-scheduled cell indicator in the DCI format 0_X/1_X is determined based on the RRC configuration of the table for corresponding set of cells.
Based on above discussion, we made a following proposal.

Proposal 1:
· For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 4 cells within the set of cells.
· Multiple sets of cells can be configured for a UE.
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  

Proposal 2:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling for each set of cells via multiple RRC tables, e.g., one set of cells can be co-scheduled by one DCI format 0_X/1_X while another set of cells can be co-scheduled by another DCI format 0_X/1_X.
· The size of co-scheduled cell indicator in the DCI format 0_X/1_X is determined based on the size of the table.

It should also be discussed that how the n_CI in the SS equation is determined for DCI format 0_X/1_X. 
It was discussed at the last RAN1 meeting whether the value n_CI should be different for each combination of actually scheduled cells. As mentioned above, it was agreed that a cell for BD/CCE/DCI size counting and SS set configuration for DCI format 0_X/1_X is determined per set of cells, and it is preferable to support the unified framework for n_CI determination as the other PDCCH monitoring related operation such as the cell determination for BD/CCE/DCI size counting and for SS set configuration DCI format 0_X/1_X. Therefore, the n_CI should be per set of cells rather than per combination of actually scheduled cells.
In addition, some companies pointed at the last RAN1 meeting that the n_CI should be the same value across multiple set of cells for the multi-cell scheduling. However, given that the size of DCI format 0_X/1_X would be determined per set of cells and the RRC table for co-scheduled cell indicator in the DCI format 0_X/1_X would be separately configured per set of cells, n_CI/CCE index should be separately configured for DCI format 0_X/1_X of each set of cells. Therefore, n_CI should be configured per each set of cells rather than per multiple set of cells. 
Regarding how the n_CI is configured for a UE, in the current specification, n_CI for the single cell cross-carrier scheduling by legacy DCI formats is determined via CIF value in the DCI. However, for multi-cell scheduling, the single cell cross-carrier scheduling can be simultaneously configured and if the value of co-scheduled cell indicator in the DCI format 0_X/1_X is directly used as n_CI value similar to legacy cross-carrier scheduling, the n_CI value can be overlapped. To avoid such case, the most straightforward way is that n_CI for multi-cell scheduling is configured via RRC signaling.

Proposal 3: 
· For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells. 
· The n_CI is configured via RRC signaling.
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 

To summarize, our views on “set of cells” framework are as follows.
· The SS set configuration is configured per each set of cells
· DCI size of DCI format 0_X/1_X is determined per each set of cells
· The cell for BD/CCE/DCI counting is determined per each set of cells
· n_CI value is configured per each set of cells

In addition, according to the working assumption above for BD/CCE/DCI size counting, it should be discussed on which cell the BD/CCE/DCI size for the DCI format0_X/1_X is counted and SS set for the DCI format 0_X/1_X is configured.
First of all, it is preferable that the cell for BD/CCE counting, DCI size counting and SS set configuration is the same cell not to unnecessarily complicate the design of PDCCH monitoring for DCI format 0_X/1_X. Therefore, the SS set for the DCI format 0_X/1_X should be configured on the same cell that BD/CCE/DCI size for the DCI format 0_X/1_X is counted. In our view, gNB can appropriately configure the cell that the BD/CCE is counted considering the BD/CCE for legacy DCI formats.

Proposal 4: For multi-cell scheduling, the SS set for a DCI format 0_X/1_X should be configured on the cell that BD/CCE/DCI size for the DCI format 0_X/1_X is counted.

Based on the discussion above, we provide an example of the framework for the case when following two sets of cells, i.e., set of cells 1 and set of cells 2, are configured for a UE;
Set of cells 1				Set of cells 2
[image: ]		[image: ]

Based on the tables, the UE can determine that Set of cells 1 includes CC#1/2/3/4 and Set of cells 2 includes CC#5/6/7. The DCI format 0_X/1_X is configured for each set of cell separately, i.e., the size of DCI format 0_X/1_X can be different between Set of cells 1 and Set of cells 2. In addition, n_CI for each set of cells are configured by RRC signaling such as n_CI=X for Set of cells 1 and n_CI=Y for Set of cells 2.
Furthermore, the SS set for monitoring DCI format 0_X/1_X for each set of cells is configured and the UE can determine the cell for BD/CCE/DCI size counting for the set of cells. 

[image: ]
Fig.1 Example of multi-cell scheduling with “set of cells” framework


2.2. DCI enhancement
At the RAN1#110 meeting, the following agreement was made.
	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



As shown in the agreement, it was agreed to introduce new DCI formats for multi-cell scheduling, and accordingly, at least the detailed DCI field design and DCI size alignment procedure need to be discussed. 


2.2.1. DCI field categorization
For the new DCI formats, i.e., DCI format 0_X/1_X, it needs to be discussed which fields should be contained and how to realize the good balance between the DCI compression gain and the configuration flexibility for each scheduled cell. As a framework of the discussion, the types of DCI fields were revised as follows at the RAN1#110 meeting.
	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.



Based on the framework of DCI fields, it was agreed to categorize the DCI fields as follows.
	Agreement (at RAN1#110)
· 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 (at RAN1#110bis-e)
At least the following fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 
Agreement (at RAN1#110bis-e)
For DCI format 1_X/0_X, Type-1 fields at least include the following:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-CPext



According to the agreement at the RAN1#110bis-e meeting, it is FFS whether ChannelAccess-CPext should be the Type-1 field. It was concluded at RAN#97-e meeting that any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18 is deprioritized. Based on the conclusion, in our view, ChannelAccess-CPext should be simply categorized as the Type-1 field.

Proposal 5: ChannelAccess-CPext should be specified as the Type-1 field.

In general, the categorization of other fields can be up to gNB (i.e., Type-3 field from specification perspective) unless the total size of DCI payload including CRC does not exceed 164 bits. Type-3 field is the field that can be configurable as common (Type-1) or as separate (Type-2) for co-scheduled cells or sub-group of co-scheduled cells e.g., depending on scenarios and operation policy such as relationship among co-scheduled cells. For example, some field(s) can be common across scheduled cells and a single value indication is enough in case that co-scheduled cells are within a same band and co-located, while it may be beneficial to have separate value indication of the field(s) for each scheduled cell/sub-group of co-scheduled cells in case that scheduled cells are in different bands and/or non-co-located. More specifically, in the case that co-scheduled cells or cells in a sub-group are within a same band and co-located, and then e.g., MCS, Antenna ports, TCI, precoding information and number of layers, PTRS-DMRS association and DMRS sequence initialization can be indicated commonly for the co-scheduled cells or the sub-group of co-scheduled cells. Anyway, it can be up to gNB according to the operation policy.

Proposal 6: The DCI fields in DCI format 0_X/1_X are Type-3 unless it is agreed as Type-1 or 2 field.

2.2.2. DCI size determination and alignment procedure
At the RAN1#110bis-e meeting, it was discussed how to determine the payload size of DCI format 0_X/1_X and the following FL proposal was made.
	Proposal 2-8rev2:
· For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size 0_X is the same for all the co-scheduled cell combinations.
· The payload size 1_X is the same for all the co-scheduled cell combinations.



As discussed above, the payload size of DCI format 0_X/1_X should be determined per set of cells considering the configurations for the cells which are included in the set of cells. If the payload size varies depending on the combination of co-scheduled cells included in a set of cells, the size for DCI format 0_X/1_X for a set of cells may result in various sizes. Given that it was agreed that the current DCI size budget is maintained for multi-carrier scheduling, it is not practical to support different DCI sizes for each combination of actually co-scheduled cells. Therefore, the payload size of DCI format 0_X/1_X should be unified for a set of cells regardless of the combination of actually co-scheduled cell(s) and we propose the following revision for FL Proposal 2-8rev2 to make it clear.

Proposal 7: 
For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size 0_X is the same for all the co-scheduled cell combinations included in a set of cells.
· The payload size 1_X is the same for all the co-scheduled cell combinations included in a set of cells.

In our understanding, if multiple sets of cells are configured for a UE, the payload size of DCI format 0_X/1_X is determined separately for each set of cells. The detailed procedure for DCI size alignment is discussed below.

According to the current specification, a UE can monitor up to three different sizes of DCIs scrambled by C-RNTI and one DCI scrambled by RNTI other than C-RNTI. At the RAN1#110bis-e meeting, it was agreed that the current DCI size budget is maintained even when the multi-cell scheduling is configured. In addition, it was also agreed at the last RAN1 meeting that all of fallback DCI, non-fallback DCI and compact DCI can be configured to be monitored with DCI format 0_X/1_X.
	Agreement
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.



In the current specification, DCI size alignment procedure is specified for fallback DCI, non-fallback DCI and compact DCI formats and results in at most three different sizes of DCI which are scrambled by C-RNTI. However, according to the agreement, at most fallback DCI, non-fallback DCI, compact DCI and DCI format 0_X/1_X can be configured to be monitored, and hence how to align the DCI sizes to maintain the current DCI size budget including DCI format 0_X/1_X needs to be specified.
Obviously, the size for DCI format 0_X/1_X would be much larger than that for legacy DCI formats. One of the motivations to introduce new DCI formats for multi-cell scheduling is to enable single cell scheduling by legacy DCIs with smaller DCI size than DCI format 0_X/1_X, and hence it is not preferrable/practical to align the size of legacy and new DCI formats. Thus, it should be discussed how to maintain the DCI size budget without aligning the size of legacy DCI formats and DCI format 0_X/1_X if the DCI sizes which are configured for the UE exceeds the current DCI size budget.
Firstly, in addition to the DCI size alignment steps specified in the current specification, payload sizes of DCI format 0_X/1_X may need to be aligned. More specifically, if the sizes of DCI format 0_X and DCI format 1_X for a set of cells are different, the sizes of DCI format 0_X and DCI format 1_X can be aligned. It should be noted that even if the payload size of DCI format 0_X and 1_X are aligned, a UE can determine whether the DCI format is UL grant or DL assignment from DCI format identifier which was agreed as type-1 field in DCI format 0_X/1_X. Furthermore, if multiple sets of cells are configured for the UE and the sizes of DCI format 0_X and/or DCI format 1_X for each set of cells are different, the sizes of DCI format 0_X/1_X for multiple sets of cells can be aligned. It should be noted that even if the payload size of DCI format 0_X/1_X associated with different sets of cells are aligned, a UE can determine the association of the DCI format and the set of cells from SS set configuration and also CCE indices would be distinguished since n_CI is configured for each set of cells as in Proposal 3. Through these two steps of DCI size alignment for DCI format 0_X/1_X, the size of DCI format 0_X/1_X are aligned even if multiple sets of cells are configured for a UE.
Secondly, if the different sizes of DCI formats still exceed the DCI size budget, it can be considered to align the payload sizes of legacy DCI formats. In our view, it is preferable not to align the sizes between fallback DCI/compact DCI and non-fallback DCI to ensure the configuration flexibility of non-fallback DCI (i.e., to avoid truncating the payload of non-fallback DCI) and/or suppress the size of fallback DCI/compact DCI (i.e., to avoid increasing the size of fallback DCI/compact DCI with zero-padding). Therefore, we propose to align the sizes of fallback DCI and compact DCI if necessary.
In addition, it should be discussed how the DCI sizes are aligned, i.e., truncating the specific field of larger DCI or zero-padding for smaller DCI. If the specific field is truncated for DCI size alignment, there seems a lot of discussion points, e.g., which field of DCI format is truncated, how the field is truncated if the field is type-2 field of DCI format 0_X/1_X, etc. Considering the limited TU, such discussion should be avoided and zero padding which is simpler and also follows the current specification for the DCI size alignment of non-fallback DCI and compact DCI. Therefore, we propose to support zero padding for DCI size alignment of DCI format 0_X/1_X and non-fallback DCI-compact DCI.
Through the DCI size alignment procedure, the different sizes of DCI would be confined within “3+1”.

Proposal 8: Following steps should be added to the DCI size alignment procedure.
· Step 4D: Align the payload size of DCI format 0_X and 1_X 
· Align the payload size of DCI format 0_X and DCI format 1_X for a same set of cells with zero padding, if necessary.
· Align the payload size of DCI format 0_X/1_X among multiple sets of cells with zero padding, if necessary.
· Step 4E: Align the payload size of DCI format 0_0/1_0 and DCI format 0_2/1_2 with zero padding, if necessary.


2.3. HARQ related enhancements
At the previous meetings, HARQ related enhancements were discussed, and the remaining issue is how to determine the reference PDSCH/cell for HARQ-ACK feedback timing, last DCI format determination and DAI counting. The following FL proposals were discussed at the last RAN1 meeting, but no consensus was achieved.
	Proposal 4-1rev2:
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
Proposal 4-4rev3:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· FFS: which PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cel



At first, HARQ feedback timing for the multi-carrier scheduling, i.e., how to determine HARQ feedback timing especially for the case that multiple PDSCHs in scheduled cells are not aligned in time domain, should be clarified. More specifically, how to interpret the indicated value e.g., indicated k1 is an offset from which PDSCH to PUCCH, needs to be specified. It has been discussed at the previous meetings, but no consensus was achieved. For HARQ-ACK timing determination, the PDSCH processing time needs to be considered, and hence the indicated k1 must be interpreted as an offset between PUCCH and the PDSCH which ends at last in time domain. 

Proposal 9: For PDSCH-to-HARQ feedback timing indicator, the reference PDSCH should be the PDSCH which ends at last in time domain among the co-scheduled PDSCHs.

For HARQ-ACK timing determination, the reference PDSCH/cell does not have to be uniquely determined, i.e., there may exist multiple PDSCHs which end at the same timing. Some companies pointed that it is preferable to specify the unified reference cell/PDSCH across HARQ-ACK timing determination, last DCI format determination and DAI counting. However, there is no unified solution since unique cell needs to be determined for last DCI format determination and DAI counting, and hence the reference PDSCH(s) for HARQ-ACK timing determination and the reference cell determination for last DCI/DAI count should be separately discussed.
Regarding the reference cell determination for last DCI/DAI count, the most straightforward solution is using the serving cell index as FL proposal at the last RAN1 meeting, i.e., the smallest serving cell index is used for the reference cell determination for last DCI/DAI count. On the other hand, for last DCI format determination, it was pointed by some companies that this solution of using the smallest serving cell index may not be able to determine the last DCI uniquely since there may be multiple PDCCHs in the same MO which has the same reference cell. However, this issue also exists in the current specification, and it relies on the gNB configuration in Rel-16 MR-DC, and hence it should be deprioritized to resolve this issue by other solution than gNB implementation considering that this is the last meeting for this WI. Therefore, at least RAN1 should decide the reference cell determination for last DCI format of multi-cell scheduling in general case and it is not necessary to determine an additional rule for this specific case.

Proposal 10:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.


3. Conclusion
In this contribution, we discussed and its specification impacts. Based on the discussion, we made following proposals.

Proposal 1:
· For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 4 cells within the set of cells.
· Multiple sets of cells can be configured for a UE.
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  

Proposal 2:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling for each set of cells via multiple RRC tables, e.g., one set of cells can be co-scheduled by one DCI format 0_X/1_X while another set of cells can be co-scheduled by another DCI format 0_X/1_X.
· The size of co-scheduled cell indicator in the DCI format 0_X/1_X is determined based on the size of the table.

Proposal 3: 
· For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells. 
· The n_CI is configured via RRC signaling.
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 

Proposal 4: For multi-cell scheduling, the SS set for a DCI format 0_X/1_X should be configured on the cell that BD/CCE/DCI size for the DCI format 0_X/1_X is counted.

Proposal 5: ChannelAccess-CPext should be specified as the Type-1 field.

Proposal 6: The DCI fields in DCI format 0_X/1_X are Type-3 unless it is agreed as Type-1 or 2 field.

Proposal 7: 
For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size 0_X is the same for all the co-scheduled cell combinations included in a set of cells.
· The payload size 1_X is the same for all the co-scheduled cell combinations included in a set of cells.

Proposal 8: Following steps should be added to the DCI size alignment procedure.
· Step 4D: Align the payload size of DCI format 0_X and 1_X 
· Align the payload size of DCI format 0_X and DCI format 1_X for a same set of cells with zero padding, if necessary.
· Align the payload size of DCI format 0_X/1_X among multiple sets of cells with zero padding, if necessary.
· Step 4E: Align the payload size of DCI format 0_0/1_0 and DCI format 0_2/1_2 with zero padding, if necessary.

Proposal 9: For PDSCH-to-HARQ feedback timing indicator, the reference PDSCH should be the PDSCH which ends at last in time domain among the co-scheduled PDSCHs.

Proposal 10:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
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