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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the contribution, we provide our views on scheduling PDSCH or PUSCH on multi-cells by a single DCI. For simplicity, ‘mc-DCI’ and ‘sc-DCI’ are used to represent DCI for multi-cell scheduling and DCI for single-cell scheduling in this contribution respectively.
2. Discussion
1. 
2. 
Scheduling cell
	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
Updated proposal 4.3: 
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.


It was agreed that there is only one scheduling cell configured for each scheduled cell for DCI format 0_X/1_X, and the scheduling cell for DCI format 0_X/1_X can be the same as the one for legacy DCI format from the perspective of a scheduled cell: 
· Case1: scheduling cell for multi-cell scheduling is the same as the scheduling cell for single-cell scheduling.
In addition to case 1 with only one scheduling cell for both mc-DCI and sc-DCI, there are two cases for discussion:
· Case2: scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, and only self-scheduling is allowed for single-cell scheduling
· Case3: scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, and cross-carrier scheduling is allowed for single-cell scheduling

[image: ]
Figure 1. Example of case1/2/3
Case 2 was proposed by some companies to reduce the PDCCH burden on the scheduling cell for mc-scheduling. However, if the PDCCH capacity on the scheduling cell for mc-scheduling becomes the bottleneck of the system and there are PDCCH resources on the co-scheduled cell, it seems to be more straightforward to configure self-scheduling only for the scheduled cell. The motivation/benefit to enabling multi-cell scheduling, in this case, is unclear. Moreover, as there are two sources of PDCCH (i.e., PDCCH on cell#1 and PDCCH on cell#2) for a scheduled cell, separate BD/CCE budgets must be defined and allocated for each source, which requires additional effort. Case 3 is even more complicated than case 2 as it couples with cross-carrier scheduling, thus it is not supported.
[bookmark: _Ref111223556]Observation 1. For a scheduled cell, if the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, separate BD/CCE budgets must be defined and allocated for scheduling from each scheduling cell.
[bookmark: _Ref111223655]Proposal 1. For a scheduled cell, the case where different scheduling cells are configured for multi-cell scheduling and single-cell scheduling is not supported.

DCI format
Regarding the indication of co-scheduled, the following options are agreed for further down selection.
	Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· 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.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· 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 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 


Option 1 is preferred as it provides higher flexibility and consumes fewer bits in the indication than other options. 
[bookmark: _Ref111223664]Proposal 2. For the indication of the co-scheduled cell, option1 is supported.

	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


Regarding the FFS, in our understanding, gNB can configure more than 4 cells for multi-cell scheduling, but no more than 4 cells can be included by a set of co-scheduled cells for each DCI format 1_X/0_X. The maximum number of configurable cells for co-scheduling can be 8.
[bookmark: _Ref115451686]Proposal 3. The maximum number of configurable cells for co-scheduling is 8.

	[bookmark: _Hlk114509609]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


As a single PUCCH is agreed to be used for HARQ-ACK reporting for all the co-scheduled PDSCH, the priority index in DCI format 1_X should be the type-1A.. Regarding CSI-request and beta-offset, in our understanding, only one of the scheduled PUSCH is needed to transmit the CSI, thus these fields should be type-1C. MCS is highly dependent on the channel conditions and assigned resource of the scheduled cell, thus should be type-2.
Fields such as FDRA, TDRA and VRB/PRB, are heavily dependent on the cell configuration and should be type-3. It is up to gNB to indicate whether these fields should be jointly or separately applied for each co-scheduled cell. FDRA/TDRA with high overheads should be jointly encoded, or further compressed, at least when the resource allocation field consumes dozens of bits for each scheduled cell. Additionally, the granularity of TDRA/FDRA can be jointly or separately determined for the co-scheduled cells. For example, the RBG size can be determined based on the total RBs/BW of the co-scheduled cells. Alternatively, a scaled RBG size can be used if the DCI size would become too large when there are a large number of RBs for scheduling. Although the scheduling flexibility would be somehow restricted, the overall spectrum efficiency may increase thanks to the reduced PDCCH blocking rate and the PDCCH overhead reduction gain achieved by mc-DCI with a smaller size. We provide simulations on the following schemes for multi-cell scheduling in intra-band CA cases where the BW/SCS of the scheduled cells are the same:
· sc-DCI(baseline): sc-DCI with payload size=60bits (excluding CRC), the RBG size for single-cell scheduling is N
· mc-DCI1: mc-DCI with separate FDRA indication for each scheduled cell, RBG size is N. For 2GHz case, the mc-DCI1 payload sizes are 100 and 140 bits for 2-cell scheduling and 3-cell scheduling respectively.
· mc-DCI2: mc-DCI with a single FDRA indication for all scheduled cells, but the RBG size is determined based on the total RBs of the scheduled cells, thus RBG size = 2*N. For 2GHz case, the mc-DCI2 payload sizes are 86 and 118 bits for 2-cell scheduling and 3-cell scheduling respectively.
Assumptions about the DCI field type for 2-cell scheduling and 3-cell scheduling of the above schemes are provided in the appendix A.
According to the simulation results shown in Figure 2 to Figure 5, PDCCH blocking rate decreases with the decreasing mc-DCI size. If the number of cells increases, more PDCCH blockage can be reduced by mc-DCI. From the perspective of throughput, it can be seen that around 13~14% throughput gains can be achieved by mc-DCI2 with compressed FDRA indication for 2GHz case. When it comes to 700MHz suffering from more severe PDCCH blocking problems, the gain achieved by mc-DCI2 with the compressed FDRA is increased to 20+%. Throughput gains can also be seen for mc-DCI1 with RA indicated separately for each cell without compression. 
[bookmark: _Ref102134263]Observation 2. The mc-DCI with compressed/joint FDRA and other shared fields brings 13~27% throughput compared with the sc-DCI in intra-band CA.
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	[bookmark: _Ref111223937]Figure 2 2GHz, 2-cell scheduling
	Figure 3 2G Hz, 3-cell scheduling
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	Figure 4 700MHz, 2-cell scheduling
	[bookmark: _Ref111223944]Figure 5 700M Hz, 3-cell scheduling


For other fields that refer to an entry in a table provided in RRC, they can be classified as type-3 as well. 
[bookmark: _Ref115451688]Proposal 4. DCI format 0_X/1_X includes
· Type-1A:
· Priority index at least for DL scheduling
· Type-1C
· CSI request
· Beta-offset
· Type-2 fields include:
· MCS
· Type-3 field: 
· FDRA
· TDRA
· VRB/PRB
· PRB bundling
· Rate matching
· SRS
· DMRS initialization
[bookmark: _Ref102134271]Proposal 5. Scheduling granularity of FDRA can be scaled or determined considering the BW of all the scheduled cells to reduce DCI size.
Regarding how to determine the size of each field, for fields applied to one or more co-scheduled cells, one way is to derive the field size based on the corresponding configuration of the co-scheduled cell(s), which means the field size may change per DCI (before the padding if performed). Another way is to determine the largest field size among all DCI format 0_X/1_X carrying a same field as the final size of that field. Zero padding will be performed if the field size derived according to the co-scheduled cell(s) configuration is smaller than the largest size. The second solution would result in too many padding bits, and in the worst case, all mc-DCI needs to be padded, thus making the mc-DCI size too large and affecting not only the scheduling flexibility but also the PDCCH coverage. In the first solution, the co-scheduled cell indication must be placed before the other information fields in a mc-DCI so that the UE can determine the co-scheduled cells after decoding the indication, and then determine the size of each field and how to interpret the remaining information bits. 
Moreover, there can be multiple sizes for DCI format 0_X/1_X sizes after determining field size when multiple sets of co-scheduled cells are configured. To ensure there is only one DCI size for DCI format 0_X/1_X, DCI format 0_X/1_X with a smaller size should be zero-padded to align to the largest DCI format size among all the DCI format 0_X/1_X.
[bookmark: _Ref115451691]Proposal 6. The size of a field applying to one or more scheduled cells in a DCI format 0_X/1_X is determined based on the configuration of the corresponding co-scheduled cell(s), and/or the configuration of the scheduling cell. If multiple sizes for DCI format 0_X/1_X are obtained after determining each field size, DCI format 0_X/1_X with a smaller size should be zero-padded to align to the largest DCI format 0_X/1_X size among all the DCI format 0_X/1_X.

PDCCH monitoring and SS sets
	Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.
Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.


In the last meeting, the above alternatives were proposed for BD/CCE counting and the DCI size budget.
Regarding alt 1~6, alt 1 and alt 6 lead to a waste of BD/CCE budget, as the BD/CCE counting of the mc-DCI is duplicated several times. Alt 2 is similar to alt 4, the ‘one scheduled cell’ in alt 2 can be the scheduling cell in alt 4. Although the ‘one scheduled cell’ and the scheduling cell may not be scheduled each time, it is much simpler to count mc-DCI as part of a certain cell compared with alt3/5.
[bookmark: _Ref111223691]Proposal 7. For BD/CCE counting for multi-cell scheduling DCI, alt2 and alt4 are supported.
The solution for DCI size budget handling should be consistent with the solution of BD/CCE counting. E.g., if BD/CCE of mc-DCI is counted on a scheduled cell or the scheduling cell, DCI size budget of DCI format 0_X/1_X is counted for that cell. Therefore, for the DCI size budget, alt 1-3/2-1/2-5 can be considered. In Alt 1-1, multiple co-scheduled cells may need to perform DCI size alignment, leading to decreased coverage of other DCI in those cells. Alt 2-2 are too complicated from the UE perspective if only a joint DCI size budget is maintained for all cells.
[bookmark: _Ref111223695]Proposal 8. For DCI size budget handling for multi-cell scheduling DCI, alt 1-3/2-1/2-5 can be further considered.
Another aspect needs to be discussed is SS linkage. There are two options for SS linkage:
· Option 1. SS linkage is established for each co-scheduled cells in the same way as legacy cross-carrier scheduling
For example, if SS#1 on the scheduling cell is configured with mc-DCI, all co-scheduled cells should be configured with SS#1 including nrofCandidates only. Note that, nrofCandidates can be configured as zero. In alt 2, the co-scheduled cell not involved in BD/CCE counting of mc-DCI can be configured with nrofCandidates=n0. In alt 4, all the co-scheduled cells can be configured with nrofCandidates=n0.
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
· Option 2. SS linkage is established only for the cells involved in BD/CCE counting and DCI size budget handling of mc-DCI
If alt 2 + alt 1-3 is used, the SS linkage should be established only between the ‘one scheduled cell’ and the scheduling cell. In other words, the SS for mc-DCI is configured for the ‘one scheduled cell’ and the scheduling cell. If alt 4 + alt 2-5 is used, the SS linkage should be established for the scheduling cell only. 
Option 2 seems to be too complicated due to the dynamic linkage mechanism. Thus, Option 1 is supported to reuse the legacy SS linkage rule.
[bookmark: _Ref111223699]Proposal 9. For multi-cell scheduling, SS linkage between scheduling cell and scheduled cell is built in the same way as cross-carrier scheduling.

Cell indication
In legacy CCS, CIF is used to determine CCE of PDCCH candidates carrying the DCI for a scheduled cell. UE may monitor DCIs for different scheduled cells in a same monitoring occasion. For CSS with same SCS, UE monitors no more than 1 DL DCI per scheduling CC slot per scheduled CC.
However, for mc-scheduling, it should be clarified whether it is allowed to transmit/receive multiple mc-DCI scheduling different sets of co-scheduled cells. Firstly, decoding and handling multiple mc-DCI in a monitoring occasion would significantly increase the UE implementation complexity. Secondly, such scheduling flexibility seems not necessary: if there is a case to monitor DCIs scheduling two sets with multiple cells in a same monitoring occasion, it is not clear why gNB does not configure and schedule these cells as a single set by a single mc-DCI. If it is allowed to schedule multiple sets in the same monitoring occasion, similar to CCS, values of cell indication field in DCI format 0_X/1_X can be linked with different PDCCH candidates. 
[bookmark: _Ref115451696]Proposal 10. Clarify whether it is allowed to transmit/receive multiple mc-DCIs scheduling different sets of co-scheduled cells in a same monitoring occasion.

HARQ-ACK codebook
In RAN1 109-e meeting, the following working assumption related to the HARQ-ACK codebook types is proposed. Furthermore, in RAN1 110 meeting and RAN 97-e meeting, some of the types have been excluded or agreed.
	Working Assumption in RAN1 109-e
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Agreement in RAN1 110
· 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 in RAN1 110
· 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
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 in RAN 97-e
Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
[bookmark: OLE_LINK1]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.


First of all, the K1 definition has been agreed in RAN1#110 meeting, while the reference PDSCH is FFS. In our view, similar to the Rel-17 multi-PDSCH scheduling, the reference PDSCH can be the PDSCH with the latest starting time among the co-scheduled PDSCHs scheduled by DCI format 1-X.
[bookmark: _Ref115451697]Proposal 11. For multi-PDSCH scheduled by DCI format 1-X, the reference PDSCH to determine the PUCCH transmission for HARQ-ACK report is the PDSCH with the latest starting time among the co-scheduled PDSCHs.
[bookmark: OLE_LINK3]Secondly, supporting joint configuration of multi-cell PDSCH/PUSCH scheduling and Rel-17 multi-PDSCH/PUSCH scheduling may lead to large DCI overhead for multiple cells. Moreover, it may lead to more than 2 sub-codebooks for type 2 HARQ codebook and complicated HARQ-ACK codebook design. Therefore, to simplify the HARQ-ACK codebook construction, the configuration of Rel-17 multi-PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group is not supported. 
[bookmark: _Ref115451698]Proposal 12. UE does not expect to be configured with both multi-PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling for the same or different scheduled cells within a same PUCCH cell group.
In R17 multi-PDSCH scheduling, to include all the HARQ-ACK of the PDSCHs scheduled by a DCI, the K1 set is extended according to the TDRA table of multi-PDSCH so that all the scheduled PDSCH can be covered by the candidate PDSCH occasions for type-1 HARQ-ACK codebook. Similarly, as there is only one PUCCH for the co-scheduled cells by DCI format 1_X in Rel-18, and the co-scheduled PDSCH may be allocated with different slots, K1 extension should be considered to construct the type-1 HARQ-ACK codebook. One straightforward way is to provide joint TDRA configuration for the co-scheduled cells and derives the extended K1 set according to the joint coded TDRA table. 
[bookmark: OLE_LINK2]For example, the joint coded TDRA table for DCI format 1_X is shown in Table 1. It can be configured by RRC or derived by the PDSCH allocation configuration for each co-scheduled cell. First, for each row, determine the last PDSCH by K0 and SLIV. Then extend the K1 set for each row. After iterating through all the rows, derive the extended K1 set for each cell. Specifically, for row 1, if K0,2 > K0,1, SLIV 2 is the last PDSCH in row 1; similarly, SLIV 3 is the last PDSCH in row 2 if K0,3 > K0,4. Then, similar to the Rel-17 type-1 HARQ-ACK codebook for multi-PDSCH scheduling, the extended K1 values for other PDSCHs are determined as the sum of a configured K1 and the time gap between K0 of the last PDSCH and that of other PDSCHs, respectively. Finally, derive the union set of the extended K1 set of each cell of each row. For SLIV pruning, the Rel-15 type-1 HARQ-codebook design can be reused.
[bookmark: _Ref111214472]Table 1 The derived or configured TDRA table for DCI format 1_X
	
	Cell 1
	Cell 2

	Row 1
	{K0,1, SLIV 1}
	{K0,2, SLIV 2}

	Row 2
	{K0,3, SLIV 3}
	{K0,4, SLIV 4}


[bookmark: _Ref111223712][bookmark: _Ref115451700]Proposal 13. For type-1 HARQ-ACK codebook, K1 extension should be supported, additionally, the joint coded SLIVs of other co-scheduled cells need to be considered, and the R15 SLIV pruning procedure can be reused.
For type-2 HARQ-ACK codebook, it has been agreed that two sub-codebooks are generated. There are still some FFS remained after the RAN1 110 agreement. 
· FFS1: 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.
· FFS2: 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 for each DCI format 1_X that schedules more than one cell;
For FFS1, for simplicity, the HARQ-ACK for multi-cell PDSCH/PUSCH scheduled by DCI format 1-X should be in the second sub-codebook even when the actual number of PDSCH reception is one. Otherwise, UE should determine the sub-codebook for multi-cell PDSCH depending on actual PDSCH reception, leading to increased UE complexity. 
[bookmark: _Ref115451701]Proposal 14. The HARQ-ACK for multi-cell PDSCH/PUSCH scheduled by DCI format 1-X should be in the second sub-codebook even when the actual number of PDSCH reception is one.
For FFS2, the number of HARQ-ACK information bits should be the maximum number of bits among each set of co-scheduled cells to reduce HARQ-ACK bits overhead, compared with 2 * the maximum number of cells co-scheduled by DCI format 1-X. For example, in the second sub-codebook, if at least one cell of the set of cells that can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, for the  serving cells configured with mc-DCI, the maximum number of HARQ-ACK bits for each {PDCCH monitoring occasion, serving cell} pair (or each DAI) is the maximum value of , where  is the maximum number of codewords for serving cell c, the sum is a set of co-scheduled cells. More specifically, if a mc-DCI can schedule two sets of co-scheduled cells, {cell1 with 1 codeword, cell 2 with 2 codeword}, {cell1 with 1 codeword, cell 3 with 1 codeword}, the maximum bits of these two sets are (1+1*2=3) and (1+1=2), respectively. Thus, the maximum number of HARQ-ACK bits for each DAI is 3.
[bookmark: _Ref115451702]Proposal 15. 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 for each DCI format 1_X that can schedule more than one cell should be the maximum of the number of HARQ-ACKs corresponding to the sets of co-scheduled cells.
Furthermore, in last RAN1 meeting, it has been discussed that for type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter should be determined. The DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index. In the case of multi-cell PDSCH scheduling, which PDSCH is used for the serving cell index should be determined. For simplicity, the PDSCH in the serving cell with the smallest serving cell index among the set of co-scheduled cells should be the reference PDSCH to determine the DAI counter.
[bookmark: _Ref115451703]Proposal 16. For type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
[bookmark: PP12]Except for the type 1 and type 2 HARQ-ACK codebook, the type 3 HARQ-ACK codebook can be supported for multi-cell scheduling. For example, HARQ-ACK for all the HARQ processes of all the configured cells or a subset of the HARQ process of a subset of configured cells should be fed back in one-shot codebook regardless of whether it is scheduled by a sc-DCI or mc-DCI. 
[bookmark: _Ref115451705]Proposal 17. The type 3 HARQ-ACK codebook can be supported for multi-cell PDSCH scheduling.

3. Conclusion
In this contribution, we discuss remaining issues on multi-cell scheduling and have the following observations and proposals: 
Observation 1. For a scheduled cell, if the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, separate BD/CCE budgets must be defined and allocated for scheduling from each scheduling cell.
Observation 2. The mc-DCI with compressed/joint FDRA and other shared fields brings 13~27% throughput compared with the sc-DCI in intra-band CA.
Proposal 1. For a scheduled cell, the case where different scheduling cells are configured for multi-cell scheduling and single-cell scheduling is not supported.
Proposal 2. For the indication of the co-scheduled cell, option1 is supported.
Proposal 3. The maximum number of configurable cells for co-scheduling is 8.
Proposal 4. DCI format 0_X/1_X includes
· Type-1A:
· Priority index at least for DL scheduling
· Type-1C
· CSI request
· Beta-offset
· Type-2 fields include:
· MCS
· Type-3 field: 
· FDRA
· TDRA
· VRB/PRB
· PRB bundling
· Rate matching
· SRS
· DMRS initialization
Proposal 5. Scheduling granularity of FDRA can be scaled or determined considering the BW of all the scheduled cells to reduce DCI size.
Proposal 6. The size of a field applying to one or more scheduled cells in a DCI format 0_X/1_X is determined based on the configuration of the corresponding co-scheduled cell(s), and/or the configuration of the scheduling cell. If multiple sizes for DCI format 0_X/1_X are obtained after determining each field size, DCI format 0_X/1_X with a smaller size should be zero-padded to align to the largest DCI format 0_X/1_X size among all the DCI format 0_X/1_X.
Proposal 7. For BD/CCE counting for multi-cell scheduling DCI, alt2 and alt4 are supported.
Proposal 8. For DCI size budget handling for multi-cell scheduling DCI, alt 1-3/2-1/2-5 can be further considered.
Proposal 9. For multi-cell scheduling, SS linkage between scheduling cell and scheduled cell is built in the same way as cross-carrier scheduling.
Proposal 10. Clarify whether it is allowed to transmit/receive multiple mc-DCIs scheduling different sets of co-scheduled cells in a same monitoring occasion.
Proposal 11. For multi-PDSCH scheduled by DCI format 1-X, the reference PDSCH to determine the PUCCH transmission for HARQ-ACK report is the PDSCH with the latest starting time among the co-scheduled PDSCHs.
Proposal 12. UE does not expect to be configured with both multi-PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling for the same or different scheduled cells within a same PUCCH cell group.
Proposal 13. For type-1 HARQ-ACK codebook, K1 extension should be supported, additionally, the joint coded SLIVs of other co-scheduled cells need to be considered, and the R15 SLIV pruning procedure can be reused.
Proposal 14. The HARQ-ACK for multi-cell PDSCH/PUSCH scheduled by DCI format 1-X should be in the second sub-codebook even when the actual number of PDSCH reception is one.
Proposal 15. 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 for each DCI format 1_X that can schedule more than one cell should be the maximum of the number of HARQ-ACKs corresponding to the sets of co-scheduled cells.
Proposal 16. For type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
Proposal 17. The type 3 HARQ-ACK codebook can be supported for multi-cell PDSCH scheduling.
Appendix A: Simulation assumption
Table 2. Assumption of mc-DCI @ 2GHz
	 Sc-DCI
	Field type
	2-cell DCI1 
	2-cell DCI2 
	3-cell DCI1 
	3-cell DCI2 

	Identifier for DCI formats – 1 bit
	Shared field
	1
	1
	1
	1

	Carrier indicator –3 bits
	Shared field
	3
	3
	3
	3

	Bandwidth part indicator –1 bit
	Separate field
	2
	2
	3
	3

	FDRA – 14 bits for a cell
	Separate field
	28
	14
	42
	20

	TDRA –2 bits
	Separate field
	4
	4
	6
	6

	VRB-to-PRB mapping – 1 bit
	Shared field
	1
	1
	1
	1

	PRB bundling size indicator –1 bit
	Separate field
	2
	2
	3
	3

	Rate matching indicator –1 bit
	Separate field
	2
	2
	3
	3

	ZP CSI-RS trigger –1 bit
	Separate field
	2
	2
	3
	3

	Modulation and coding scheme – 5 bits
	Separate field
	10
	10
	15
	15

	New data indicator – 1 bit
	Separate field
	2
	2
	3
	3

	Redundancy version – 2 bits
	Separate field
	4
	4
	6
	6

	HARQ process number – 4 bits
	Separate field
	8
	8
	12
	12

	Downlink assignment index – 4 bits
	Shared field
	4
	4
	4
	4

	TPC command for scheduled PUCCH – 2 bits
	Shared field
	2
	2
	2
	2

	PUCCH resource indicator – 3 bits
	Shared field
	3
	3
	3
	3

	PDSCH-to-HARQ feedback timing indicator – 3 bits
	Shared field
	3
	3
	3
	3

	Antenna port(s) –5 bits
	Separate field
	10
	10
	15
	15

	Transmission configuration indication 3 bits
	Shared field
	3
	3
	3
	3

	SRS request – 2 bits
	Separate field
	4
	4
	6
	6

	DMRS sequence initialization – 1 bit.
	Separate field
	2
	2
	3
	3

	Total size (excluding CRC)
	100
	86
	140
	118


Table 3. Assumption of mc-DCI @ 700MHz
	 Sc-DCI
	Field type
	2-cell DCI1 
	2-cell DCI2 
	3-cell DCI1 
	3-cell DCI2 

	Identifier for DCI formats – 1 bit
	Shared field
	1
	1
	1
	1

	Carrier indicator –3 bits
	Shared field
	3
	3
	3
	3

	Bandwidth part indicator –1 bit
	Separate field
	2
	2
	3
	3

	FDRA – 13 bits for a cell
	Separate field
	26
	13
	39
	20

	TDRA –2 bits
	Separate field
	4
	4
	6
	6

	VRB-to-PRB mapping – 1 bit
	Shared field
	1
	1
	1
	1

	PRB bundling size indicator –1 bit
	Separate field
	2
	2
	3
	3

	Rate matching indicator –1 bit
	Separate field
	2
	2
	3
	3

	ZP CSI-RS trigger –1 bit
	Separate field
	2
	2
	3
	3

	Modulation and coding scheme – 5 bits
	Separate field
	10
	10
	15
	15

	New data indicator – 1 bit
	Separate field
	2
	2
	3
	3

	Redundancy version – 2 bits
	Separate field
	4
	4
	6
	6

	HARQ process number – 4 bits
	Separate field
	8
	8
	12
	12

	Downlink assignment index – 4 bits
	Shared field
	4
	4
	4
	4

	TPC command for scheduled PUCCH – 2 bits
	Shared field
	2
	2
	2
	2

	PUCCH resource indicator – 3 bits
	Shared field
	3
	3
	3
	3

	PDSCH-to-HARQ feedback timing indicator – 3 bits
	Shared field
	3
	3
	3
	3

	Antenna port(s) –5 bits
	Separate field
	10
	10
	15
	15

	Transmission configuration indication 3 bits
	Shared field
	3
	3
	3
	3

	SRS request – 2 bits
	Separate field
	4
	4
	6
	6

	DMRS sequence initialization – 1 bit.
	Separate field
	2
	2
	3
	3

	Total size (excluding CRC)
	98
	85
	137
	118



Table 4 SLS Simulation assumptions for PDCCH
	Parameters
	Values

	Carrier frequency
	Configuration1: 2 GHz, 15 kHz SCS,20 MHz(106RB/1272 SC) carrier BW, 2-symbol CORESET with 96RBs/1152 SC
Configuration2: 700MHz, 15 kHz SCS, 10 MHz(52RB/624 SC) carrier BW, 3-symbol CORESET with 48RBs/576 SC

	SCS
	

	Simulation bandwidth 
	

	CA
	intra-band CA

	Number of cells
	2 or 3 cell

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	46 dBm for 10MHz

	Scenario
	Urban Macro

	ISD
	500m

	TRP antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,1) for 700MHz
(M,N,P,Mg,Ng;Mp,Np)= (2,8,2,1,1;1,1) for 2GHz

	UE antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1)

	Device deployment
	80% indoor, 20% outdoor 

	UE speeds of interest
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic
	Full Buffer

	Macro sites
	19

	Number of UEs per cell
	15UEs  

	Downtilt
	102°

	Minimum BS to UE distance
	35m
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