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Introduction
To reduce the DCI control overhead and increase the spectral efficiency in CA operation, multiple PDSCH/PUSCH scheduled by a single DCI is proposed as an objective of the WID of multi-cell enhancements [1]. Some agreements on multi-cell scheduling are reached in previous RAN1 meeting [2-4]. And the following agreements were made in RAN#97-e.
	· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18. Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Following aspects are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18:
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell


In this contribution, our analyses and views on the multiple PUSCH/PDSCH scheduling with a single DCI are provided.
The maximum number of configurable cells for co-scheduling
In RAN1#110bis-e meeting, the working assumption of the maximum number of co-scheduled cells by a DCI was confirmed. The maximum number of configurable cells for co-scheduled is still FFS.
	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


There are two understandings of the FFS.
· Understanding 1: The maximum number of configurable cells for co-scheduling is 4, which is equal to the maximum number of co-scheduled cells by a single MC-DCI.
· Understanding 2: The maximum number of configurable cells for co-scheduling can be larger than 4, i.e. 8, and the maximum number of co-scheduled cells by a single MC-DCI at a time is 4 within the configured cells for co-scheduling.
For understanding 1, all the configured cells can be scheduled by a single MC-DCI. It means the size of the MC-DCI can be determined based on all the configured cells. On the contrary, for understanding 2, how to determine the size of MC-DCI needs further discussion when the number of configurable cells exceeds 4. For example, the configured cells for co-scheduling is 6. MC-DCI scheduling cell#0-3 may require a large size, while MC-DCI scheduling cell#4-5 may require a small size. There is no benefit to combine the 6 cells together as a set of cells which is configured for multi-cell scheduling. In addition, a field may be shared when scheduling cell#0-3 and separate when scheduling cell#4-5. It is unclear how to determine the MC-DCI size considering there may be many fields configured by the network.  
In addition, understanding 1 can provide more flexibility compared with understanding 2. For example, the network can divide the 6 serving cells into two groups. The network can configure MC-DCI for the two groups separately. The MC-DCI size of the two groups does not need to be aligned, which can save PDCCH overhead. Therefore, understanding 1 should be agreed for the MC-DCI design for simplicity. 
Proposal 1: The maximum number of configurable cells for co-scheduling should be equal to the maximum number of co-scheduled cells by a single MC-DCI.
DCI fields design
High-level analysis on DCI fields
In RAN1#110 meeting, three types of the DCI fields were updated as shown below.
	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.


On one hand, all the DCI fields can adopt separate indication for the multi-cell scheduling DCI. In this case, network can have fully flexibility and can guarantee the PDSCH/PUSCH throughput. However, the DCI size of this multi-cell scheduling DCI is pretty large which will exceed 140 bits. On the other hand, if all the DCI fields adopt shared indication for the multi-cell scheduling DCI. In this case, the PDSCH/PUSCH scheduling would have lots of limitations, which may lead to performance degradation in the end. It is hard to figure out the tradeoff between flexibility and DCI size considering different companies may have different views for each field. 
With the restriction of up to 140 bits and up to 4 scheduled cells for the multi-cell scheduling DCI, except the fields that must be separately indicated, e.g. NDI, RV, etc, 2 sub-groups can be designed for a configurable field. For example, 2 sub-groups can be designed for FDRA, one sub-group is for cells with small bandwidth, the other sub-group is for cells with large bandwidth. For other cases, shared or separate indication can be configured.
Proposal 2: Except for the fields that must be separately indicated (e.g., NDI, RV), 2 sub-groups can be designed for a configurable field, where each sub-group corresponds to one separate indication of this field.
Types for each field
In RAN1#110 meeting and RAN1#110bis-e, types of some fields of MC-DCI were agreed as shown below.
	Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field
Agreement
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


· Type-1
The indicator of co-scheduled cells should belong to Type-1B field as discussed below with codepoint of CIF. 
The priority was introduced in Rel-16 URLLC mainly for different services. In general, the URLLC service and eMBB service may have different priorities and use the different MCS tables. Since the same MCS table should be used for PUSCH or PDSCH scheduled by DCI format 0_X/1_X and it has agreed that the HARQ-ACK feedback related fields belong to Type 1A which cannot indicate two HARQ-ACK codebooks for different priorities, the priority indicator should belong to Type 1A.
Beta offset is used for UCI multiplexing in the PUSCH. For UCI multiplexing in the PUSCH, the UE may select the PUSCH according to the overlapping between PUCCH and PUSCH. For multi-cell PUSCH scheduling with a DCI format 0_X, there may be up to one PUSCH used for UCI multiplexing and beta offset is not applied to the rest of PUSCHs. Therefore, beta offset indicator should belong to Type 1C, which indicates the beta offset for the PUSCH with multiplexed UCI. 
In multi-PDSCH or multi-PUSCH scheduling on one cell, the HPN field is shared by the scheduled PDSCHs or PUSCHs and the HPNs for the scheduled PDSCHs or PUSCHs are determined by the predefined rule. In our understanding, the HPN field can also be shared for multi-cell scheduling. All the scheduled PDSCH or PUSCH can have the same HPN since they are in the different cells. This can reduce the DCI size significantly. 
In current spec, a UE is not expected to receive more than one DCI with non-zero CSI request field per slot per cell. As a result, it is better for the field to be only applied for one cell, i.e. A-CSI feedback on PUSCH with the lowest cell index is triggered. Therefore, CSI request and UL-SCH indicator should belong to Type 1C. 
· Type-2
It was agreed that NDI and RV are included in the Type-2 fields. To reduce the DCI size, 1 bit RV field can be used for RV indication, which is the same as the multi-PDSCH/PUSCH scheduling. In intra-band CA, the TCI state may be the same for the PDSCH since the radio environments are close. In the inter-band CA, the TCI state may be different especially the two bands are far away from each other. Therefore, the TCI state may be shared by a sub-group and separate for the different sub-groups.
· Type-3
For the other fields, it may be difficult to determine the whether they are shared or separate. Therefore, they can be categorized as Type-3 field. It is up to network implementation to determine whether they are shared or separate. 
Proposal 3: The fields are categorized as below.
· Type-1 field: 
· Type-1A:HPN, priority indicator
· Type-1B:Indicator of co-scheduled cells
· Type-1C:CSI request, UL-SCH indicator, beta offset indicator
· Type-2 field: RV with 1 bit
· Type-3 field: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Antenna port(s), SRS request, DMRS sequence initialization, TPC for scheduled PUSCHs, Modulation and coding scheme, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, SRI
Proposal 4: CSI request field should be applied to the scheduled PUSCH with the smallest serving cell index, i.e., if A-CSI request is triggered by DCI 0_X, CSI is carried by the scheduled PUSCH with the smallest serving cell index.
The indication of the scheduled cells
In RAN1#109-e, it was agreed that the MC-DCI can schedule single PDSCH or PUSCH. For multi-cell scheduling, the number of the scheduled cells can dynamically change to cater for the different service with different QoS requirement, e.g., data rate, or the different data size in the buffer. Regarding how to indicate the scheduled cell, the following options were proposed.
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
The Option 1 is the extension of the CIF so that a CIF codepoint can indicate more than one scheduled cells. The RRC can configured the scheduled cells for the CIF codepoint. This solution is simple and flexible. For the Option 2, the network can always schedule any combinations of the scheduled cells. Of course, the cost is the overhead. In Option 3, an existing field indicates the scheduled cells. So far, all the existing fields are under discussion and there is no conclusion. Therefore, the Option 3 can be considered by using an existing field which can be quickly determined as shared or separate field and can be easily extended, such as new TDRA table configured for MC-DCI scheduling with each row corresponding to independent scheduled cells. Then considering that the Option 1 is very simple and it can achieve the same flexibility as Option 2 and the field length can be configured by the network, Option 1 should be supported.
In general, the different numbers of the scheduled cells can be configured for uplink and downlink due to the different capability on the uplink and downlink. The network should configure the scheduled cells for the CIF codepoint separately for the uplink and downlink. 
Proposal 5: A codepoint of CIF field indicates a row of a table comprising the co-scheduled cells.
· The table is configured by RRC.
· The PDSCH and PUSCH can be configured with different table.
TDRA indication
For TDRA indication, the following agreement was reached in RAN1#110bis-e. The details of the TDRA table design is FFS.
	Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design


To indicate separate time domain resource allocation for the set of cells by a single TDRA field, a row in the TDRA table should include the time domain resource allocation for each scheduled cell. There could be two options for the TDRA table design.
Option 1: The network can configure the TDRA table for each scheduled cell. The TDRA table is the combination of the TDRA table of the scheduled cells. It can be seen as that TDRA is Type-1 field. The row index indicated by the TDRA field is shared by each scheduled cell and separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated according to each TDRA table for each scheduled cell.
Option 2: The network can configure the a new TDRA table for multi-cell PDSCH/PUSCH scheduling. Each row of the new TDRA table could be configured with separate {SLIV, mapping type, scheduling offset K0 (or K2)} for multiple scheduled cell(s). Note the TDRA table for each scheduled cell can be also configured for single cell scheduling. The TDRA field length depends on the number of configured rows in the table. 
Considering Option 2 is much simpler and more aligned with the principle of MC-DCI configuration, Option 2 is preferred. 
Proposal 6: For the TDRA table design, the network should configure a new TDRA table, with each row including separate configurations for multiple scheduled cells.
FDRA indication
For FDRA field, separate indication can be applied for the best flexibility considering that there are up to 4 cells for multi-cell scheduling. If the FDRA field is shared by the co-scheduled cells, how to indicate the frequency resource is a question. Note, different SCS among co-scheduled cells has been excluded by RAN plenary.
When the co-scheduled cells have the same BWP size and same SCS, the same frequency resource can be indicated for the co-scheduled cells. 
When the co-scheduled cells have the different BWP size and same SCS, there could be different size of FDRA for each cell with legacy SC-DCI format. For FDRA shared indication in DCI format 0_X/1_X, the size of FDRA should be determined based on a reference cell. For example, the FDRA field depends on the BWP of a co-scheduled cell with the biggest BWP size so that any frequency resource allocation possibilities can be indicated by the network. In case the BWP size of the reference cell is not the biggest, how to apply the shared indicated FDRA for a larger BWP should be resolved. In our understanding, the current mechanism for frequency resource indication when active BWP is switched can be applied regardless of the BWP size of reference cell is the biggest or not. 
Proposal 7: The FDRA field for the co-scheduled cells should belongs to Type-3. In case shared FDRA indication is applied, a reference cell is used for FDRA size determination.
DCI size determination
For the DCI size determination, the following proposal was discussed in the last meeting.
	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.


In the current specification, the DCI size can be configured by the RRC signalling explicitly or determined based on the configuration for the field in the DCI, if needed. The legacy DCI size for PDSCH or PUSCH scheduling is determined based on the field configuration in the DCI. The same principle should be applied for DCI format 0_X/1_X. In addition, DCI format 0_X/1_X is only sent to a UE. The UE can know the DCI structure in advance. There is no need to explicitly configure the DCI size by RRC signalling. 
For multi-cell scheduling, the network may configure multiple combinations of co-scheduled cells. Each combinations of the co-schedule cells may have the different DCI size. In this case, the DCI size is the largest one among all the combinations of co-scheduled cells. 
Proposal 8: The DCI size should be determined based on the RRC configuration of the fields in the DCI and equal to the largest payload size among all the combinations of co-scheduled cells configured by the network.
MC-DCI handing
DCI size and BD/CCE counting
In RAN1#110bis-e meeting, the following working assumption was made.
	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.


In current spec, PDCCH blind decoding in a USS on a scheduling cell is only counted for the scheduled cell, because the DCI and USS are both designed for a single scheduled cell for a UE. As shown in Figure 1 with cell #1/2 scheduled by cell#0 by current cross carrier scheduling, USS for the three cells have the same search space index on the scheduling cell and the USS for each scheduled cell is determined by respective CIF values(n_CI). 
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Figure 1 Example of USS of each scheduled cell within CA
Then for this single MC-DCI with multi-cell scheduling, based on current search space configuration, dci-Formats with the new introduced DCI format 0_X/1_X are configured in a USS on the scheduling cell. The MC-DCI will be monitored in the scheduling cell. The USS with the same search space index is also configured in the scheduled cell, including nrofCandidates. The corresponding BD/CCE will be counted on the scheduled cell. 
Based on the working assumption that 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, detailed mechanism should be discussed.
· Scenario#1: The scheduling cell is one cell of the set of scheduled cells
As shown in Figure 2, a set of cells comprise cell#0/1/2/3 and cell#0 is also the scheduling cell for scheduling the set of cells. Because only one cell of the set of cells can be configured with the USS of MC-DCI, as a result only the scheduling cell#0 can be configured with the USS of MC-DCI. Following the current mechanism, the size/BD/CCE of MC-DCI will be also counted on the scheduling cell#0. It will lead to a challenge to maintain the current DCI size budget and BD/CCE budget of the scheduling cell. As a result, it is preferred that the cell on which DCI size and BD/CCE of the DCI format 0_X/1_X is counted can be configured on another cell of set of cells. On the other consideration, if another cell besides of the scheduling cell can be configured with the USS of MC-DCI, the similar mechanism of scenario#2 can be applied.
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Figure 2 Scheduling cell is one cell of the set of cells
Observation 1: Based on the working assumption, only the scheduling cell can be configured with the USS of MC-DCI if the scheduling cell is one cell of the set of scheduled cells. 
Proposal 9: The cell on which DCI size and BD/CCE of the DCI format 0_X/1_X is counted can be configured on one cell of set of cells if the scheduling cell is one cell of the set of scheduled cells.
· Scenario#2: The scheduling cell is not included in the set of scheduled cells
As shown in Figure 3, a set of cells comprise cell#1/2/3/4 and cell#0 is the scheduling cell for scheduling the set of cells. Because only one cell of the set of cells can be configured with the USS of MC-DCI, one of the scheduled cell#1/2/3/4 (e.g. cell#1 in Figure 3) can be configured with the USS of MC-DCI and associated with the USS of the scheduling cell with the same search space ID. Following the current mechanism, the size/BD/CCE of MC-DCI will be also counted on the scheduled cell. But for the USS of MC-DCI configured on the scheduling cell, whether the number of PDCCH candidates of the USS can be configured should be determined. For example, in order to maintain the spirit of the working assumption, the USS of MC-DCI configured on the scheduling cell is dropped by UE.
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Figure 3 Scheduling cell is not included in the set of cells
Proposal 10: Based on the working assumption, the USS of MC-DCI configured on the scheduling cell is dropped by UE if the scheduling cell is not included in the set of scheduled cells. 
Proposal 11: The cell on which DCI size and BD/CCE of the DCI format 0_X/1_X is counted is the cell configured with USS of the DCI format 0_X/1_X if the scheduling cell is not included in the set of scheduled cells.
Search space of the MC-DCI
In RAN1#110bis-e meeting, the discussed proposals are listed below. 
	Proposal 2-6rev1:
· 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 UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 
· 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.  


Legacy USS of SC-DCI for each scheduled cell is determined by CIF value(n_CI) of each scheduled cell. Based on the analysis of the two scenarios in section 4.1, USS of DCI format 0_X/1_X configured only on one cell is derived. For multi-cell scheduling for a set of cells, a single n_CI is sufficient to determine the CCE index for DCI 0_X/1_X. Regarding the value of n_CI for  DCI 0_X/1_X, we think the legacy n_CI of the scheduled cell configured with USS can be reused. We do not see another n_CI is needed. Some companies comment that it will lead to the same CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X and legacy DCI formats. However, This is not an issue. Because in current spec, different USS of different DCI formats (e.g. USS#x with DCI format 0_1/1_1, USS#y with DCI format 0_2/1_2) configured for one scheduled cell are all determined by the CIF of the scheduled cell. That is CCE indices of the different USS configured on one cell with different DCI formats are irrelevant to the DCI format types comprised in the USS. 
Observation 2: CCE indices of different USS configured on one cell with different DCI formats are irrelevant to the DCI format types comprised in the USS.
Since the search space of DCI format 0_X/1_X is configured on only one cell of the set of cells, the CIF of the cell of the set of cells can be directly used to determine the CCE indices of the search space of DCI format 0_X/1_X. Then same CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X and legacy DCI formats are derived due to only one CIF of the cell are used to determine the USS.  
Proposal 12: 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 the legacy CIF value of the cell configured with the USS of DCI format 0_X/1_X.
DCI size budget including MC-DCI
In cross-carrier scheduling, the DCI size budget for scheduling cell is more challenging than a scheduled cell, because fallback DCI cannot be configured on the scheduled cell except the PCell scheduled by sSCell. As a result, existing DCI size budget is maintained per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell. For a scheduling cell which is also a scheduled cell, it can be configured with DCI format 0_0/1_0, DCI format 0_1/1_1, DCI format 0_2/1_2 and DCI format 0_X/1_X, which is challenging to maintain up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. Maybe a simple way is to let the whole DCI size budgets of a cell (i.e., 4 DCI sizes) be used for DCI formats with CRC scrambled by C-RNTI. 
Observation 3: Existing DCI size budget per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell.
Proposal 13: DCI size budget maintenance for a scheduling cell which is also a scheduled cell can be achieved by following.
· The whole DCI size budget (i.e., 4 DCI sizes) can be used for DCI formats with CRC scrambled by C-RNTI
CA scaling handling
In current cross carrier scheduling, the cell number of scheduled cells will be counted to its scheduling cell for M_total_μ and C_total_μ determination because the PDCCH candidates of the scheduled cells are all monitored on their scheduling cell. 
For legacy single cell scheduling, USS for each scheduled cell will be configured and PDCCH is monitored on the scheduling cell. But if one cell of the set of cells is not configured with USS of MC-DCI or USS of SC-DCI, whether the cell is counted as one cell for M_total_μ/C_total_μ calculation should be determined, where the μ is the SCS of the scheduling cell. As shown in Figure 2, cell#3 is not configured any USS. Assume N_cap = 4,  if cell#3 is counted in M_total_μ/C_total_μ calculation, M_total_15khz = floor(4*44*1/5) = 35, M_total_30khz = floor(4*36*4/5) = 115 for 4 cells. Otherwise, M_total_15khz = M_max_15khz =44, M_total_30khz = M_max_30khz = 36 per cell.
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Figure 4 Cross carrier scheduling with MC-DCI
This issue depends on whether the associated PDCCH candidates of MC-DCI monitored on the scheduling cell configured on the other cell (e.g. cell#1) of the set of cells is regarded as the candidates of the cell (e.g. cell#3) without any USS configured. Because the BD/CCE of DCI format 0_X/1_X is only counted in one cell (e.g. cell#1) of the set of cells, it seems the cell without any USS configured can be not counted for M_total_μ/C_total_μ calculation.
Proposal 14: Whether the cell in the set of scheduled cells for multi-cell scheduling without any USS configured is counted as one cell for M_total_μ/C_total_μ calculation should be determined.
HARQ-ACK feedback
In RAN1#110 meeting, the agreement for single PUCCH for the multi-cell PDSCH scheduling is listed below.
	Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH


For single PDSCH scheduling, the offset between the scheduled PDSCH and the PUCCH is indicated for determining the PUCCH slot, i.e., k1 offset. In CA operation, each cell can be configured with a k1 offset list. When MC-DCI schedules multiple PDSCHs, one of the multiple PDSCHs and the corresponding k1 offset can be used to determine the PUCCH slot. To ensure the UE has sufficient time to process PDSCH, the reference PDSCH should be the latest one. Therefore, the PDSCH with the latest ending symbol should be the reference PDSCH for PUCCH slot determination considering that the co-scheduled cell should have the same SCS. 
Proposal 15: The PDSCH with the latest ending symbol and the corresponding k1 offset should be used to determine the PUCCH slot.
It was agreed that all the codebook types are supported for multi-cell scheduling. In RAN#97-e, it was agreed that 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 and RAN1 further discuss the additional restriction if any. For Type-1 codebook, the HARQ-ACK codebook size is not relevant to the number of scheduled PDSCHs. It is only relevant to the k1 offset. Therefore, there is no addition specification impact to the Type-1 codebook in the case of multi-cell scheduling. 
Proposal 16: No additional specification efforts is needed for supporting the Type-1 codebook for multi-cell scheduling.
For Type-2 codebook, the following agreement was reached in RAN1#110.
	Agreement
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by 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 of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.

Agreement
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with 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. 
· If a UE is scheduled by a DCI format 1_X to receive PDSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the cell is an uplink symbol, the UE does not receive the PDSCH in the cell. 
· If a UE is scheduled by a DCI format 0_X to transmit PUSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the cell is a downlink symbol, the UE does not transmit the PUSCH in the cell.


In the current specification, a serving cell can be activated or deactivated by MAC CE. As discussed above, the table for the scheduled cells indication is configured by RRC signalling. DCI 0_X/1_X further indicates the co-scheduled cells from the table. If a cell is deactivated by MAC CE, the scheduled cells indicated by a DCI 0_X/1_X could include the deactivated cell. The PDSCH and the PUSCH is actually not scheduled. In other words, the UE may ignore the PDSCH or PUSCH on the deactivated cell. For example, the co-scheduled cell indicated by a DCI 0_X/1_X includes cell#0, #1 and #2. If the cell#1 has been deactivated by MAC CE, it means that DCI 0_X/1_X actually schedules only cell 0 and cell 2. This can provide more flexibility for the network scheduling. If the co-scheduled cells cannot include the cell deactivated by MAC CE, network has to reconfigure the co-scheduled cell indication table via RRC, which means that the benefit fast SCell activation/deactivation is lost. Otherwise, the codepoint including the deactivated cell cannot be indicated during the deactivated state of the cell, which may reduce the scheduling flexibility.
[bookmark: _GoBack]Proposal 17: The UE should ignore the PDSCH or PUSCH scheduled on the deactivated SCell if the deactivated SCell is scheduled by the DCI format 0_X/1_X with a co-scheduled indicator including the deactivated SCell.
Similar as the discussion on the collision with slot format, it is possible that a DCI format 1_X schedules only one PDSCH if there is only one activated cell within the co-scheduled cells. In this case, the DCI should be associated with the second sub-codebook for Type-2 codebook. This also follows the principle of previous agreement. 
Proposal 18: For Type-2 codebook, a DCI format 1_X scheduling more than one cell is associated with the second sub-codebook when only one scheduled cell is activated cell.
For Type-2 codebook, the counter DAI is ordered based on the scheduled cell and PDCCH monitoring occasion. If there are more than one DCIs in the PDCCH monitoring occasion for a scheduled cell, the counter DAI order is based on the PDSCH starting time. There are multiple scheduled cells for DCI format 1_X. A reference scheduled cell should be used to determine the counter DAI order. In our understanding, the scheduled cell with the smallest cell index can be used. When there are two DCI format 1_X transmitted on the on the same PDCCH monitoring occasion with the same smallest cell index, the PDSCH starting time is used to determine the counter DAI order. 
Proposal 19: For Type-2 codebook, the PDSCH with the smallest cell index should be used to determine the counter DAI order. 
In the last meeting, the last DCI determination when legacy DCI and DCI 1_X are transmitted in the same PDCCH monitoring occasion was discussed because the HARQ-ACK codebook including the first sub-codebook and the second sub-codebook is transmitted in the PUCCH resource indicated by the last DCI. For each sub-codebook, there is a last DCI, which has the largest counter DAI. To determine which one of legacy DCI and DCI 1_X is the last DCI, the legacy mechanism for counter DAI order determination within a sub-codebook can be reused. Therefore, the DCI scheduling PDSCH with the larger serving cell index or later PDSCH starting time should be the last DCI. Similarly, the among the multiple scheduled PDSCHs, the PDSCH with smallest cell index should be used.
Proposal 20: For Type-2 codebook, the mechanism of counter DAI order should be used to determine the last DCI when both the DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in the same PDCCH monitoring occasion, i.e., the DCI scheduling the PDSCH with the larger serving cell index, or later PDSCH starting time should be the last DCI. 
Conclusion
According to the discussion above, we have the following observations and proposals.
Proposal 1: The maximum number of configurable cells for co-scheduling should be equal to the maximum number of co-scheduled cells by a single MC-DCI.
· Proposals of DCI fields design
Proposal 2: Except for the fields that must be separately indicated (e.g., NDI, RV), 2 sub-groups can be designed for a configurable field, where each sub-group corresponds to one separate indication of this field.
Proposal 3: The fields are categorized as below.
· Type-1 field: 
· Type-1A:HPN, priority indicator
· Type-1B:Indicator of co-scheduled cells
· Type-1C:CSI request, UL-SCH indicator, beta offset indicator
· Type-2 field: RV with 1 bit
· Type-3 field: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Antenna port(s), SRS request, DMRS sequence initialization, TPC for scheduled PUSCHs, Modulation and coding scheme, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, SRI
Proposal 4: CSI request field should be applied to the scheduled PUSCH with the smallest serving cell index, i.e., if A-CSI request is triggered by DCI 0_X, CSI is carried by the scheduled PUSCH with the smallest serving cell index.
Proposal 5: A codepoint of CIF field indicates a row of a table comprising the co-scheduled cells.
· The table is configured by RRC.
· The PDSCH and PUSCH can be configured with different table.
Proposal 6: For the TDRA table design, the network should configure a new TDRA table, with each row including separate configurations for multiple scheduled cells.
Proposal 7: The FDRA field for the co-scheduled cells should belongs to Type-3. In case shared FDRA indication is applied, a reference cell is used for FDRA size determination.
Proposal 8: The DCI size should be determined based on the RRC configuration of the fields in the DCI and equal to the largest payload size among all the combinations of co-scheduled cells configured by the network.

· Proposals of MC-DCI handling
Observation 1: Based on the working assumption, only the scheduling cell can be configured with the USS of MC-DCI if the scheduling cell is one cell of the set of scheduled cells. 
Proposal 9: The cell on which DCI size and BD/CCE of the DCI format 0_X/1_X is counted can be configured on one cell of set of cells if the scheduling cell is one cell of the set of scheduled cells.
Proposal 10: Based on the working assumption, the USS of MC-DCI configured on the scheduling cell is dropped by UE if the scheduling cell is not included in the set of scheduled cells. 
Proposal 11: The cell on which DCI size and BD/CCE of the DCI format 0_X/1_X is counted is the cell configured with USS of the DCI format 0_X/1_X if the scheduling cell is not included in the set of scheduled cells.
Observation 2: CCE indices of different USS configured on one cell with different DCI formats are irrelevant to the DCI format types comprised in the USS.
Proposal 12: 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 the legacy CIF value of the cell configured with the USS of DCI format 0_X/1_X.
Observation 3: Existing DCI size budget per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell.
Proposal 13: DCI size budget maintenance for a scheduling cell which is also a scheduled cell can be achieved by following.
· The whole DCI size budget (i.e., 4 DCI sizes) can be used for DCI formats with CRC scrambled by C-RNTI
Proposal 14: Whether the cell in the set of scheduled cells for multi-cell scheduling without any USS configured is counted as one cell for M_total_μ/C_total_μ calculation should be determined.

· Proposals of HARQ-ACK feedback
Proposal 15: The PDSCH with the latest ending symbol and the corresponding k1 offset should be used to determine the PUCCH slot.
Proposal 16: No additional specification efforts is needed for supporting the Type-1 codebook for multi-cell scheduling.
Proposal 17: The UE should ignore the PDSCH or PUSCH scheduled on the deactivated SCell if the deactivated SCell is scheduled by the DCI format 0_X/1_X with a co-scheduled indicator including the deactivated SCell.
Proposal 18: For Type-2 codebook, a DCI format 1_X scheduling more than one cell is associated with the second sub-codebook when only one scheduled cell is activated cell.
Proposal 19: For Type-2 codebook, the PDSCH with the smallest cell index should be used to determine the counter DAI order. 
Proposal 20: For Type-2 codebook, the mechanism of counter DAI order should be used to determine the last DCI when both the DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in the same PDCCH monitoring occasion, i.e., the DCI scheduling the PDSCH with the larger serving cell index, or later PDSCH starting time should be the last DCI. 
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