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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. 
Deployments of the co-scheduled cells and the scheduling cell
In the last meeting, the combinations of different band type/carrier type/FR/SCS of the co-scheduled cells and scheduling cell have been discussed. Regarding the case of the same or mixed band types (i.e, licensed band and unlicensed band) of the co-scheduled cells, it is suggested to prioritize the case with the same band type. First, the FDRA indications corresponding to cells on licensed band and cells on unlicensed bands are different, which means the FDRAs of the cells with different band types must be indicated separately, resulting in a large DCI size and less overhead reduction gain. Secondly, how to perform HARQ-ACK reporting when the transmissions on the licensed band are successfully performed but some of the transmissions on the unlicensed bands are not successfully scheduled due to LBT failure also needs further discussion. Given the time constraints, we have the following proposals:
[bookmark: _Ref111223580]Proposal 1. For multi-cell scheduling, the following deployment cases are supported:
· same TDD/FDD types of the co-scheduled cells
· same TDD/FDD types between scheduling cell and co-scheduled cells
· mixed TDD/FDD types of the co-scheduled cells
· mixed TDD/FDD types between scheduling cell and co-scheduled cells
· same FRs of the co-scheduled cells
· same FRs between scheduling cell and co-scheduled cells
· mixed FRs of the co-scheduled cells
· mixed FRs between scheduling cell and co-scheduled cells
· same SCSs of the co-scheduled cells
· same SCSs between scheduling cell and co-scheduled cells
· mixed SCSs of the co-scheduled cells
· mixed SCSs between scheduling cell and co-scheduled cells
· same licensed/unlicensed carriers of the co-scheduled cells
· same licensed/unlicensed carriers between scheduling cell and co-scheduled cells

Principle of DCI format 0-X/1-X
The size of the mc-DCI can be quite large as the number of scheduled cells increases. However, the maximum DCI size without CRC supported by polar codes in 38.212 is 140 bits. To support DCI sizes above 140 bits would require at least modification of the interleaving sequence of polar codes, which is highly undesirable. Therefore, RAN1 should ensure that the mc-DCI size without CRC is no larger than 140 bits. In addition, a large AL may be required to ensure PDCCH decoding performance for large DCI payload sizes, however, further extensions to the supported maximum AL (e.g., AL >16) should be avoided.
Regarding the maximum number of co-scheduled cells, 8 is preferred. On the one hand, in CCS, a scheduling cell may schedule up to 8 cells, which can be considered as a reference for mc-scheduling. Secondly, it seems possible to support a large number of scheduled cells. An example of DCI for 2/3/4-cell scheduling is shown below. Overhead of some of the fields such as RA, HPN, antenna ports, etc, may be further compressed, which shows a potential to support more than 4 co-scheduled cells. It is worth noting that supporting up to 8 scheduled cells does not mean that such configuration is always possible. Instead, it means the specification would not preclude the possibility for the network to configure up to 8 scheduled cells in some cases (e.g., limited bandwidth for each cells, etc.).
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[bookmark: _Ref102134265]Proposal 2. For multi-cell scheduling, the following principles should be taken into account:
· Changes or extensions to the legacy PDCCH coding/mapping procedure, including the maximum DCI size=140 bits excluding CRC and supported ALs, should be avoided. 
· The maximum number of cells that can be scheduled by DCI format 0-X/1-X is 8. 

Scheduling cell
	Proposal 2-4 & 2-5rev2
· At least following is supported:
· For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell
· For a cell within a set of configured 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) single cell scheduling can be supported from a same scheduling cell. 
· FFS: whether DCI format 0_X/1_X and legacy DCI format(s) they are monitored simultaneously 
· FFS: for which cell within the set of configured cells this is supported 
· FFS whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X.0


In the last meeting, the above proposal has been discussed. 
Regarding the number of scheduling cells for mc-scheduling from the perspective of a co-scheduled cell, there is no clear motivation to support more than one scheduling cell at the same time. Some companies proposed to support two scheduling cells for a scheduled cell and the two scheduling cells are switched in a TDM manner to either save power or improve efficiency. In our opinion, such a switchover would not be frequent and could be achieved by RRC reconfiguration. Therefore: 
[bookmark: _Ref111223640]Proposal 3. For each scheduled cell, a UE monitors DCI format 0_X/1_X on up to one scheduling cell.
Considering that UL-DL traffic patterns across co-scheduled cells may be time-varying and highly unbalanced, supporting independent multi-cell scheduling and single-cell scheduling operations is desirable to better accommodate traffic loads.
[bookmark: _Ref111223645]Proposal 4. For a scheduled cell, both DCI format 0_X/1_X for multi-cell scheduling and legacy DCI format for single-cell scheduling can be configured at the same time.
Another issue is whether the scheduling cell for multi-cell scheduling can be different from the scheduling cell for single-cell scheduling from the perspective of a scheduled cell. There are three cases for discussion:
· Case1: scheduling cell for multi-cell scheduling is the same as the scheduling cell for single-cell scheduling
· 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
In Case 1, there is only one source of PDCCH (i.e., PDCCH on cell#1) for a scheduled cell, it should be supported as the baseline. 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 on top of case 1. Case 3 is even more complicated than case2 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: _Ref111223648]Proposal 5. For a scheduled cell, support the case where the scheduling cell for multi-cell scheduling is the same as the scheduling cell for single-cell scheduling.
[bookmark: _Ref111223651]Proposal 6. For a scheduled cell, benefits to support the case where the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling and single-cell scheduling is based on self-scheduling should be justified.
[bookmark: _Ref111223655]Proposal 7. For a scheduled cell, the case where the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling and single-cell scheduling is based on legacy cross-carrier scheduling is not supported.

Scheduled cell
In the last meeting, it was discussed whether a mc-DCI transmitted on a Scell can schedule Pcell. One argument of the proponents of mc-DCI scheduling Pcell is that in R17 sScell scheduling Pcell (SSP), it is already allowed to use a DCI on a Scell to schedule Pcell.
Firstly, it should be clarified that the primary motivation for R17 SSP is to offload the PDCCH from Pcell, while the benefit of mc-DCI on a Scell is to compress the PDCCH overhead on the Scell. The use cases for the two features are quite different. Moreover, when R17 SSP is configured to allow a Scell to schedule the Pcell by the existing DCI formats(i.e., DCI format 0-1/1-1/0-2/1-2), there is no further motivation to configure a new DCI format 0-X/1-X for the Scell to schedule the Pcell.
Secondly, since self-scheduling on Pcell needs to be preserved, if mc-DCI on a Scell is supported for scheduling Pcell, then naturally multiple scheduling cells, i.e. case 2 as discussed above, must be supported from the perspective of Pcell. However, there is no consensus on whether case 2 is supported. Furthermore, considering the load of Pcell and the complexity of scheduling Pcell, allowing mc-DCI on a Scell to schedule Pcell would introduce additional complexity.
Furthermore, if both R17 SSP and mc-DCI on a Scell to schedule Pcell are configured, the scheduling of Pcell would come from three sources as shown in Figure 2, which is different from the case of R17 SSP, and thus special designs and additional spec efforts for this case are inevitable. Considering the limited time, it is not desirable to support mc-DCI supporting SSP.
[image: ]
[bookmark: _Ref111197864]Figure 2. Example of R17 SSP+mc-DCI on sScell to schedule Pcell
[bookmark: _Ref111223562]Observation 2. DCI format 0-X/1-X on a Scell to schedule Pcell is not the target use case of the R18 multi-carrier WID, and if DCI format 0-X/1-X on a Scell to schedule Pcell is supported, there will be multiple scheduling cells for Pcell.
[bookmark: _Ref111223566]Observation 3. If both R17 sScell scheduling Pcell feature and DCI format 0-X/1-X on a Scell to schedule Pcell are allowed at the same time, the scheduling of Pcell would come from three sources, which is different from the case of R17 sScell scheduling Pcell, and thus special designs and additional spec efforts are inevitable.
[bookmark: _Ref111223658]Proposal 8. DCI format 0-X/1-X on a Scell to schedule Pcell is not supported.
[bookmark: _Ref111223661]Proposal 9. Alternatively, if it is supported to use DCI format 0-X/1-X on a Scell to schedule Pcell, UE is not expected to be configured with R17 sScell scheduling Pcell and DCI format 0-X/1-X on a Scell to schedule Pcell at the same time.

Regaindg the indication of co-scheduled, the following options are agreed.
	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 option 2. 
[bookmark: _Ref111223664]Proposal 10. For the indication of the co-scheduled cell, option1 is supported.
DCI format
In the last meeting, it was proposed to divide the DCI fields into three types.
	Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.


Some fields such as FDRA/TDRA with high overheads should be jointly encoded, or further compressed, at least when the number of scheduled cells is large, or when the resource allocation field consumes dozens of bits for each scheduled cell.
For TDRA, a shared indication, such as jointly coded SLIV that is similar to the Rel-17 mutli-slot scheduling, can be considered. For FDRA, the RBG size can be jointly determined based on the total RBs/BW of the multi-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 indications 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 separate 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 3 to Figure 6, 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: _Ref102134261]Observation 4. It would be difficult to schedule more than 3 cells by a mc-DCI with payload size <=140 bits if RA fields are split into separate indications (type-2) for scheduled cells without compression.
[bookmark: _Ref102134263]Observation 5. The mc-DCI with compressed/joint FDRA(type-1) and other shared fields brings 13~27% throughput compared with the sc-DCI in intra-band CA.
[bookmark: _Ref102134271]Proposal 11. FDRA should be type-1 or type-3 field, the FDRA granularity may be scaled or determined considering the BW of all the scheduled cells to reduce DCI size.
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	[bookmark: _Ref111223937]Figure 3 2GHz, 2-cell scheduling
	Figure 4 2G Hz, 3-cell scheduling
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	Figure 5 700MHz, 2-cell scheduling
	[bookmark: _Ref111223944]Figure 6 700M Hz, 3-cell scheduling



PDCCH monitoring 
	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 12. 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 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 UE perspective if only a joint DCI size budget is maintained for all cells.
[bookmark: _Ref111223695]Proposal 13. For DCI size budget handling for multi-cell scheduling DCI, alt 1-3/2-1/2-5 can be further considered.
Another aspect need 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. 
Option1 is supported to reuse the legacy SS linkage rule.
[bookmark: _Ref111223699]Proposal 14. For multi-cell scheduling, SS linkage between scheduling cell and scheduled cell is built in the same way as cross-carrier scheduling.

HARQ-ACK codebook
	Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].
Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.


For PDSCH scheduling, the scheduling cell and co-scheduled cells have been agreed to be within the same PUCCH group. For PUSCH scheduling, whether the co-scheduled cells and the scheduling are restricted in the same cell group or the same PUCCH cell group is FFS. From our respective, the scheduled PUSCHs should maintain the same restriction as PDSCH, i.e., belong to the same PUCCH cell group. This is also aligned with the existing cross-carrier scheduling principle, i.e., in case the UE is configured with two PUCCH groups, the scheduling cell and the scheduled cell are within the same PUCCH group. 
[bookmark: _Ref111223703]Proposal 15. All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH cell group. 
All the HARQ codebook types for multi-carrier PDSCH scheduling should be applicable since multi-carrier PDSCH scheduling are both applicable in FR1 and FR2, licensed band and unlicensed band. Therefore, the working assumption should be confirmed.
[bookmark: _Ref111223706]Proposal 16. Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
In Rel-17, the multi-PDSCH scheduling in one cell is supported, and the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is the last UL slot for PUCCH transmission that overlaps with slot ,  refers to the slot of the last PDSCH and  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format. A similar mechanism can be reused in R18. For multi-PDSCH scheduled by DCI format 1-X, the last PDSCH is used to derive the PUCCH for HARQ-ACK report.
[bookmark: _Ref111223709]Proposal 17. For multi-PDSCH scheduled by DCI format 1-X, K1 is the slot timing value between the last scheduled PDSCH and PUCCH with HARQ-ACK information. 
In R17 multi-PDSCH scheduling, to include all the HARQ-ACK of the PDSCHs scheduled by the 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 PDSCH occasion set of type 1 HARQ-ACK codebook. 
K1 set extension should be considered for multi-cell PDSCH scheduling as a similar issue exists in R18. In Rel-17, the joint TDRA table for multi-PDSCH in one cell is configured by cell-specific RRC parameter and the HARQ-ACK of PDSCHs are generated in ascending order of serving cell indexes. However, in Rel-18, the scheduled PDSCH by DCI format 1-X may be across multiple scheduled cells with different SCSs. Therefore, how the K1 set extends according to the joint coded TDRA table should be investigated. 
For example, the joint coded TDRA table for DCI format 1_X is configured as in Table 1. First, for each row, determine the last PDSCH by K0 and the corresponding SCS. Then determine the reference DL SCS and extend the K1 set according to the UL SCS of the PUCCH carrier. After iterating through all the rows, the extended K1 set for each cell can be derived.
[bookmark: _Ref111214472]Table 1 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]Proposal 18. For type 1 HARQ-ACK codebook, further enhancement on K1 set extension is needed.
For legacy type 2 HARQ-ACK codebook, there are at most two HARQ-ACK sub-codebooks. The second HARQ-ACK sub-codebook contains either the HARQ-ACK for CBG-based PDSCH or HARQ-ACK for multi-PDSCH scheduling in one cell. CBG-based PDSCH and multi-PDSCH cannot be configured simultaneously in a PUCCH cell group. For simplicity, the multi-cell scheduling should not be configured with CBG-based or single-cell multi-PDSCH scheduling simultaneously. Then, the type 2 HARQ-ACK for multi-cell scheduling can be contained in the second sub-codebook. Furthermore, the counter DAI (C-DAI) value and the total DAI(T-DAI) value apply separately for each HARQ-ACK sub-codebook, so that for the type 2 HARQ-ACK codebook, the C-DAI/T-DAI can be counted per mc-DCI.  
In the sub-codebook for multi-cell scheduling, for the  serving cells configured with mc-DCI, the maximum number of HARQ-ACK bits for each {PDCCH monitoring occasion, serving cell} pair is the , where  is the maximum number of codedword for serving cell c and the  is the number of maximum schedulable cells for mc-DCI in serving cell c.
[bookmark: _Ref111223715]Proposal 19. For type 2 HARQ-ACK codebook, the multi-cell scheduling is not expected to be configured with CBG-based scheduling and multi-PDSCH scheduling simultaneously for any serving cell within a same PUCCH cell group.
[bookmark: _Ref111223718]Proposal 20. For the type 2 HARQ-ACK codebook, HARQ-ACK bits corresponding to mc-DCI should be contained in a separate sub-codebook apart from the sub-codebook for sc-DCI. 
[bookmark: _Ref111223733]Proposal 21. For the type 2 HARQ-ACK sub-codebook, the C-DAI/T-DAI can be counted per mc-DCI.
[bookmark: _Ref111223739]Proposal 22. For the type 2 HARQ sub-codebook, the maximum number of HARQ -ACK bits for each DAI depends on the maximum number of codedword and the maximum number of the schedulable cells.
 
3. Conclusion
In this contribution, we discuss some 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. DCI format 0-X/1-X on a Scell to schedule Pcell is not the target use case of the R18 multi-carrier WID, and if DCI format 0-X/1-X on a Scell to schedule Pcell is supported, there will be multiple scheduling cells for Pcell.
Observation 3. If both R17 sScell scheduling Pcell feature and DCI format 0-X/1-X on a Scell to schedule Pcell are allowed at the same time, the scheduling of Pcell would come from three sources, which is different from the case of R17 sScell scheduling Pcell, and thus special designs and additional spec efforts are inevitable.
Observation 4. It would be difficult to schedule more than 3 cells by a mc-DCI with payload size <=140 bits if RA fields are split into separate indications (type-2) for scheduled cells without compression.
Observation 5. The mc-DCI with compressed/joint FDRA(type-1) and other shared fields brings 13~27% throughput compared with the sc-DCI in intra-band CA.
Proposal 1. For multi-cell scheduling, the following deployment cases are supported:
· same TDD/FDD types of the co-scheduled cells
· same TDD/FDD types between scheduling cell and co-scheduled cells
· mixed TDD/FDD types of the co-scheduled cells
· mixed TDD/FDD types between scheduling cell and co-scheduled cells
· same FRs of the co-scheduled cells
· same FRs between scheduling cell and co-scheduled cells
· mixed FRs of the co-scheduled cells
· mixed FRs between scheduling cell and co-scheduled cells
· same SCSs of the co-scheduled cells
· same SCSs between scheduling cell and co-scheduled cells
· mixed SCSs of the co-scheduled cells
· mixed SCSs between scheduling cell and co-scheduled cells
· same licensed/unlicensed carriers of the co-scheduled cells
· same licensed/unlicensed carriers between scheduling cell and co-scheduled cells
Proposal 2. For multi-cell scheduling, the following principles should be taken into account:
· Changes or extensions to the legacy PDCCH coding/mapping procedure, including the maximum DCI size=140 bits excluding CRC and supported ALs, should be avoided. 
· The maximum number of cells that can be scheduled by DCI format 0-X/1-X is 8. 
Proposal 3. For each scheduled cell, a UE monitors DCI format 0_X/1_X on up to one scheduling cell.
Proposal 4. For a scheduled cell, both DCI format 0_X/1_X for multi-cell scheduling and legacy DCI format for single-cell scheduling can be configured at the same time.
Proposal 5. For a scheduled cell, support the case where the scheduling cell for multi-cell scheduling is the same as the scheduling cell for single-cell scheduling.
Proposal 6. For a scheduled cell, benefits to support the case where the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling and single-cell scheduling is based on self-scheduling should be justified.
Proposal 7. For a scheduled cell, the case where the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling and single-cell scheduling is based on legacy cross-carrier scheduling is not supported.
Proposal 8. DCI format 0-X/1-X on a Scell to schedule Pcell is not supported.
Proposal 9. Alternatively, if it is supported to use DCI format 0-X/1-X on a Scell to schedule Pcell, UE is not expected to be configured with R17 sScell scheduling Pcell and DCI format 0-X/1-X on a Scell to schedule Pcell at the same time.
Proposal 10. For the indication of the co-scheduled cell, option1 is supported.
Proposal 11. FDRA should be type-1 or type-3 field, the FDRA granularity may be scaled or determined considering the BW of all the scheduled cells to reduce DCI size.
Proposal 12. For BD/CCE counting for multi-cell scheduling DCI, alt2 and alt4 are supported.
Proposal 13. For DCI size budget handling for multi-cell scheduling DCI, alt 1-3/2-1/2-5 can be further considered.
Proposal 14. For multi-cell scheduling, SS linkage between scheduling cell and scheduled cell is built in the same way as cross-carrier scheduling.
Proposal 15. All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH cell group.
Proposal 16. Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Proposal 17. For multi-PDSCH scheduled by DCI format 1-X, K1 is the slot timing value between the last scheduled PDSCH and PUCCH with HARQ-ACK information.
Proposal 18. For type 1 HARQ-ACK codebook, further enhancement on K1 set extension is needed.
Proposal 19. For type 2 HARQ-ACK codebook, the multi-cell scheduling is not expected to be configured with CBG-based scheduling and multi-PDSCH scheduling simultaneously for any serving cell within a same PUCCH cell group.
Proposal 20. For the type 2 HARQ-ACK codebook, HARQ-ACK bits corresponding to mc-DCI should be contained in a separate sub-codebook apart from the sub-codebook for sc-DCI.
Proposal 21. For the type 2 HARQ-ACK sub-codebook, the C-DAI/T-DAI can be counted per mc-DCI.
Proposal 22. For the type 2 HARQ sub-codebook, the maximum number of HARQ -ACK bits for each DAI depends on the maximum number of codedword and the maximum number of the schedulable cells.
Appendix: 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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DCl fields of Format 1_1 type 2-cell DCI (bits) 3-cell DCI (bits) 4-cell DCI (bits)

Identifier for DCI formats —1 bit typel 1 1 1
Carrier indicator — O or 3 bits typel 3 3 3
Bandwidth partindicator —0, 1 or 2 bits typel 2 2 2
FDRA - 14 bits for 106 RB typel 14 21 24
TDRA-0, 1,2, 3 or 4 bits typel 2 2 2
VRB-to-PRB mapping — 1 bit typel 1 1 1
PRB bundling size indicator — 0 or 1 bit type2 2 3 4
Rate matching indicator — 0, 1, or 2 bits type2 2 3 4
ZP CSI-RS trigger—0, 1, or 2 bits type2 2 3 4
Modulation and coding scheme — 5 bits type2 10 15 20
New data indicator — 1 bit type2 2 3 4
Redundancy version -2 bits type2 4 6 8
Downlink assignmentindex — 0,2,4 bits typel 4 4 4
TPC command for scheduled PUCCH— 2 bits typel 2 2 2
PUCCH resource indicator — 3 bits typel 3 3 3
PDSCH-to-HARQfeedbacktimingindicator =3 3 3 3
bits
TCIOor 3 bits typel 3 3 3
SRS request—2, 3 bits type2 4 6 8

DMRS sequence initialization — 1 bit. type2 2 3 4
Total size (excluding CRC) 84 114 140
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