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At the RAN1#110 meeting, the following agreements and working assumptions were made for multi-cell scheduling with a single DCI [1]:
Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.
Agreement
Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
FFS: The maximum number of configurable cells for co-scheduling
Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.
Agreement
· For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field
Agreement
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH
Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.
Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.
Agreement
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.
Further, at the RAN#97-e meeting, the following agreements and conclusion were made for multi-cell scheduling [2]:
Agreement
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
Agreement
· 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
Agreement
· 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.
Agreement
Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling
Conclusion
Following is excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell
In the contribution, we present our views on multi-cell scheduling with a single DCI, with primary focus on the DCI content, HARQ-ACK feedback and beam management for multi-cell scheduling. Our views on multi-carrier UL Tx switching scheme are described in our companion contribution Error! Reference source not found.. 
General aspects for multi-cell scheduling 
Scenarios for multi-cell scheduling
At the RAN#97-e meeting, it was agreed to exclude certain scenarios for multi-cell scheduling to simplify the specification effort, which include 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 and PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule Pcell [2]. 
Further, there was discussion on whether simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling can be supported. Considering the fact that multi-slot PDCCH monitoring and multi-PDSCH scheduling were defined as basic features for FR2-2, where one PDCCH can be used to schedule more than one PDSCHs in a cell, if only single-slot PDSCH is configured, most of the slots are not used for PDSCH transmission, which would degrade the spectrum efficiency substantially. Hence, in our view, configuration of both multi-cell PDSCH scheduling and multi-PDSCH scheduling for the same or different cell within a PUCCH group should be supported. Following similar design principle, simultaneous configuration of multi-cell PUSCH scheduling and multi-PUSCH transmission with different DCIs on the same or different cell should be supported. 
Proposal 1
· Configuration of both multi-cell PDSCH scheduling and multi-PDSCH scheduling for the same or different cell within a PUCCH group is supported.
· Configuration of both multi-cell PUSCH scheduling and multi-PUSCH transmission in the same or different cell is supported.

Scheduling aspects 
At the RAN1#110 meeting, it was agreed as a working assumption that for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell [1]. This is mainly motivated by the fact that relatively large payload size for DCI format 0_X and 1_X is expected for multi-cell scheduling. Hence, it may not be desirable to always utilize multi-cell scheduling DCI for scheduling a cell, especially considering the UEs with bad channel conditions. 
For some cases, e.g., with mild traffic load condition, gNB may use legacy single-cell scheduling DCI to schedule PDSCH or PUSCH transmission. In this regard, it is more appropriate to support monitoring of multi-cell scheduling DCI and single-cell scheduling DCI at the same time for a scheduled cell, where the single-cell scheduling can be based on self-carrier or cross-carrier scheduling, as illustrated in Figure 1. Hence, in our view, for each cell within a set of configured cells which can be scheduled by a DCI format 0_X/1_X, monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from same or different scheduling cell can be supported. 
[image: ]
[bookmark: _Ref104468615]Figure 1. Monitoring single-cell and multi-cell scheduling for a scheduled cell
Proposal 2
· For each cell within a set of configured cells which can be scheduled by a DCI format 0_X/1_X, 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell. 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells.

DCI field design for multi-cell scheduling 
General design consideration
At the RAN#110 meeting, it was agreed various types of DCI fields for design for DCI format 0_X/1_X, which includes Type -1, Type-2 and Type-3 field. Further, it was agreed that identifier for DCI formats, DCI field related to PUCCH transmission and one-shot HARQ-ACK request are included as Type-1A field while new data indicator per TB and redundancy version per TB are included as Type-2 field [1]. 
In Rel-17 NR extension to 71GHz WI, multi-PDSCH and multi-PUSCH scheduling was defined, where a DCI is used to schedule multiple PDSCHs/PUSCHs with different TBs within a cell. For this mechanism, PDSCH and PUSCH transmission in adjacent slots typically experience similar channel condition, which is feasible for DCI payload size reduction. In particular, some DCI fields including frequency domain resource allocation can be commonly applied for the scheduled PDSCHs and PUSCHs. 
For multi-cell scheduling, however, FDRA field may not be commonly applied for different cells, given that channel conditions for different carriers can be vastly different. Further, considering that different cells may be configured with different channel bandwidths, certain common fields in the DCI may not be commonly applied for all the scheduled PDSCHs or PUSCHs. In this regard, it may be beneficial to group a number of co-scheduled cells into a sub-group. This may be particularly desirable when considering the case that a DCI is used to jointly schedule multiple PDSCHs/PUSCHs for inter-band scenario. Figure 2 illustrates an example of sub-grouping for multi-cell scheduling. 
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[bookmark: _Ref100134267]Figure 2. Sub-grouping for multi-cell scheduling
Based on the discussions above, Type-3 DCI field, i.e., common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration should be supported for multi-cell scheduling. In particular, 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. 
Proposal 3
· Support Type-3 DCI field for multi-cell scheduling:
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 

Type-1 DCI field 
At the RAN1#109-e meeting, it was agreed that all the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group [1]. In this case, single PUCCH carrying HARQ-ACK response of all the co-scheduled PDSCHs would be sufficient. In this regard, it is straightforward to conclude that TPC for scheduled PUCCH, PUCCH resource indicator and PDSCH-to-HARQ timing indicator can be part of Type-1 DCI field, i.e., common information to all the co-scheduled cells. The same design principle can also apply for downlink assignment index when HARQ-ACK feedback is multiplexed on PUSCH.
For the multi-PDSCH/PUSCH scheduling as defined in Rel-16/17, indicated HARQ process number is applied for the first valid PDSCH/PUSCH. In addition, HARQ process number is incremented by 1 for subsequent valid PDSCHs/PUSCHs. This mechanism, however, may not be directly applied for multi-cell scheduling, where different cells may have independent management on HARQ process numbers for PDSCH/PUSCH transmissions. 
To simplify the operation for multi-cell scheduling, same HARQ process number can be commonly applied for all the scheduled PDSCHs/PUSCHs. In case when 2 TBs are configured and enabled for multi-cell scheduling, two HARQ process number fields are included in the DCI and commonly applied for the 1st and 2nd TB of the scheduled PDSCHs, respectively. 
Note that for MIMO related parameters, including SRS request, DMRS sequence initialization, ZP CSI-RS trigger, etc., a common RRC configuration may be configured for the scheduling cell for multi-cell scheduling, and the indicated values are commonly applied for the transmission of PDSCHs and PUSCHs in the scheduled cells. 
Proposal 4
· Type-1 DCI field for multi-cell scheduling at least includes 
· Time domain resource assignment
· BWP and cell index
· HARQ process number
· DMRS sequence initialization
· beta offset indicator
· CSI request
· Rate matching indicator
· ZP CSI-RS trigger
· VRB-to-PRB mapping
· SRS request

In NR, a carrier indicator is included in the DCI format 1_1/1_2 and 0_1/0_2, where UE can derive a single cell for PDSCH and PUSCH transmission, respectively. For multi-cell scheduling with a single DCI, existing mechanism on the carrier indication cannot be directly applied. 
At the RAN1#109-e meeting, several options were agreed for indicating co-scheduled cells by DCI format 0_X/1_X [4]. Among the options, although Option 2 can provide flexible indication of carrier index, it may result in large field size and overall DCI payload size, especially when considering the case if large number of co-scheduled cells, e.g., > 4 can be configured for multi-cell scheduling. For Option 3, existing field (e.g., CIF, FDRA) is used to indicate whether one or more cells are scheduled or not, which would pose certain scheduling flexibility, e.g., in frequency domain. In our view, Option 1 can achieve proper balance between scheduling flexibility and field size for indication of co-scheduled cells. 
For Option 1, a carrier indicator can be included in the DCI 0_X and 1_X to determine a set of carriers from a configured table for multi-cell scheduling. Further, one row of the configured carrier table may include a single carrier, which may enable the support of dynamic switching between single-cell and multi-cell scheduling.
Proposal 5
· For multi-cell scheduling, carrier indication field is included in the DCI to determine a set of carriers from a configured table. 

As defined for multi-PSDCH/PUSCH scheduling, a row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table, respectively. 
To maximize scheduling flexibility, especially when considering different TDD UL/DL configurations and traffic pattern for different cells, similar design principle can be applied for multi-cell scheduling. More specifically, in a row of TDRA table, separate resource allocation in time can be configured for all the configured cells for multi-cell scheduling. This may include separate {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH or PUSCH, or can be determined based on a row index of configured TDRA table of the corresponding cell/BWP. 
Further, based on the determined cell and BWP index from the DCI, UE can derive the corresponding time domain resource allocation for each scheduled PDSCH or PUSCH. Figure 3 illustrates an example of TDRA for multi-cell scheduling. In the example, separate SLIV and K0 are allocated for each scheduled PDSCHs. 
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[bookmark: _Ref100064859]Figure 3. TDRA for multi-cell scheduling
Proposal 6
· For multi-cell scheduling, a row of the TDRA table can configure separate resource allocation in time for all the configured cells.

Type-3 DCI field 
As mentioned above, it would be beneficial to group a number of co-scheduled cells into a group, especially when considering the case that a DCI is used to jointly schedule multiple PDSCHs/PUSCHs for inter-band scenario. In this case, certain DCI fields may be commonly applied for the co-scheduled cells in a sub-group, where separate DCI fields may be applied for different sub-groups.
Following this design principle, a single FDRA field can be commonly applied for all the scheduled PDSCHs/PUSCHs in a sub-group, which can help reduce the DCI payload size and fully exploit the benefit of reduction on PDCCH blocking probability. However, given that different BWPs in the co-scheduled cells in a sub-group may have different bandwidths, the FDRA size in the DCI needs to be determined so as to ensure the alignment between gNB and UE. In this regard, a reference cell may need to be assumed to determine the FDRA size in the DCI for multi-cell scheduling. For other BWPs in the co-scheduled cells in the same sub-group that have different bandwidths, truncation or zero padding can be further applied to determine the frequency resource allocation for the PDSCHs/PUSCHs. 
Similar mechanism can be applied for MCS, given the fact that different sub-group may have different channel conditions. In this case, independent MCS fields may be applied for the transmission of PDSCHs and PUSCHs in different sub-groups. Note that for multi-cell scheduling, it is more desirable to support the scheduling of two codeword transmission for PDSCHs, with the motivation of achieving high data rate. From system operation perspective, the feature defined for single-cell scheduling, including the two codeword transmission for PDSCH, should be also supported for multi-cell scheduling.
Proposal 7
· Type-3 DCI field for multi-cell scheduling at least includes 
· Modulation and coding scheme
· Frequency domain resource assignment

DCI size and BD/CCE budget for multi-cell scheduling
The DCI format 0_X/1_X for a group of scheduled cells can be configured on a single scheduling cell. Further, the DCI format 0_X/1_X that schedules different subgroup of scheduled cells may have same or different DCI sizes. For simplicity, a single configuration of the DCI fields can be used to schedule all the scheduled cells. Consequently, DCI format 0_X/1_X has a unique DCI size. On the other hand, multiple configurations of the DCI fields may be configured for DCI format 0_X/1_X for flexibility, which may result in different DCI sizes. For example, as shown in Figure 4, a first configuration of the DCI field applies to CC 0-3, while a second configuration applies to CC 3 and 4. 

 
[bookmark: _Ref111042649]Figure 4: Multiple configurations of the DCI format for multi-cell scheduling
Proposal 8
· Multiple configurations of the DCI fields can be configured for DCI format 0-X/1-X for flexibility, which may result in different DCI sizes 

DCI size budget
Since both legacy single-cell scheduling DCI and multi-cell scheduling DCI can be configured for a scheduled cell, the number of DCI sizes for the scheduled cell may be increased compared to legacy NR. In this case, the cell or cells that the size of a DCI format for multi-cell scheduling should be counted to needs to be addressed. This issue was extensively discussed in last RAN1 meetings. The following two options were identified:  
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
Option 1 can avoid special handling on the DCI size budget. It only requires defining a way to count the DCI size of DCI format 0_X/1_X. On the other hand, Option 2 is to modify the DCI size budget for one or more cells which may lead to more impact to UE implementation. Though there was no explicit agreement yet, the ongoing discussions are converged to Option 1.  

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



For Option 1, Alt 2 and Alt 4 only count size of DCI format 0_X/1_X to one cell (a specific scheduled cell or scheduling cell). Consequently, the number of DCI size of the cell is incremented by 1 for DCI format 0_X/1_X. However, this is unfair to the cell since the scheduling DCI format 0-X/1-X is shared by multiple scheduled cells. 
Alt 1 and Alt 3 are to count size of DCI format 0_X/1_X to each co-scheduled cell, where no scaling factor is applied in Alt 1. Assuming that the DCI format 0_X/1_X can schedule up to N scheduled cells, Alt 1 is to increase the number of DCI sizes by 1 for each of the N scheduled cells. As comparison, scaling is applied in Alt 3, where the number of DCI sizes by 1/N for each of the N scheduled cells. In Alt 1, the total number of counted DCI size for DCI format 0_X/1_X is still 1. In this regard, Alt 3 can avoid the overestimating of the impact on DCI format 0_X/1_X. 
Proposal 9
· The size of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X. 

Maximum BD/CCE handling
The above (Merged)Proposal 2-6 and Proposal 2-7rev3 also covers how to handle the maximum number of BD/CCEs in PDCCH monitoring capability considering DCI format 0-X/1-X. As proposed in proposal 2 in section 2.2, it is preferred to support both cases that the number of scheduling cells for a cell can be 1 or 2. 

DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell

For the case that DCI format 0_X/1_X and legacy DCI format(s) are from a same scheduling cell simultaneously, a proposal is already included in the first main bullet of the merged proposal. In particular, Rel-17 PDCCH monitoring limits for all 4 parameters  and  are reused, which is more desirable so as to minimize standardization effort. 
In NR, the maximum number of BD/CCEs for a scheduled cell is determined by the SCS numerology of the scheduling cell.  are calculated for a group of cells with same numerology. Since all cells that can be scheduled by DCI format 0_X/1_X on a scheduling cell belong to the same group of cells with same SCS, special handling on BD/CCE counting for  is not needed. In fact, no matter Alt 2/3/4 in the merged proposal is used, the same amount of BD/CCE are counted towards . On the other hand, Alt 1 is not reasonable since it counts N times BD/CCEs to  for one PDCCH of DCI format 0_X/1_X detected by the UE. 
Further, BD/CCE counting towards  should be discussed. Similar to the discussions on DCI size budget handling, if BD/CCE of DCI format 0-X/1-X is only counted to one cell (Alt 2 or 4), it is unfair to the cell since it may pose a strong scheduling restriction to the cell given the fact that the DCI format 0_X/1_X is actually shared by multiple cells. In addition, Alt 1 without scaling is not desired as it results in overcounting for the cells. Therefore, in our view, Alt 3 with scaling factor is preferred. Particularly, assuming N cells can be scheduled by a PDCCH of DCI format 0_X/1_X with aggregation level L, the value 1/N and L/N are respectively counted to  of each of the N cells.
Proposal 10: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell
· Rel-17 PDCCH monitoring limits  and  can be reused
· Special handling on BD/CCE counting for  is not needed
· The BD/CCE of a PDCCH of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X for  and .

DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells
If the DCI format for a cell can be scheduled by two scheduling cells, the BD/CCE handling becomes complicated. The configuration of two scheduling cells is supported in Rel-17 DSS. However, there is limitation that P(S)Cell SCS must not exceed sSCell SCS. Further, span-based PDCCH monitoring and multi-DCI M-TRP operation cannot be supported on either P(S)Cell or sSCell. Such limitation is not desired. In conclusion, we prefer to not take Rel-17 DSS as reference for the current design. 
For a cell that can be scheduled by two scheduling cells with SCS , the maximum numbers of BD/CCEs that can be detected by the UE on each scheduling cell is separately determined for the cell by the SCS of each scheduling cell and the corresponding scaling factor .  is preferred to not increase the maximum BD/CCE budget. If  for a cell, the UE determines  and  by counting one cell in the downlink cells with SCS . If  for a cell, the UE can count the cell as  cell in the downlink cells with SCS  and as  cell in the downlink cells with SCS . Correspondingly, the UE determines  and , and determines  and .
· For scheduling from the first scheduling cell, the UE is not required to monitor more than  PDCCH candidates per slot or more than  non-overlapping CCEs per slot on the active DL BWP of the first scheduling cell.
· For scheduling from the second scheduling cell, the UE is not required to monitor more than  PDCCH candidates per slot or more than  non-overlapping CCEs per slot on the active DL BWP of the second scheduling cell.
Proposal 11: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells, for a cell that can be scheduled by two scheduling cells with SCS ,
· If  for a cell, the UE determines  and  by counting one cell in the downlink cells with SCS . 
· If  for a cell, the UE can count the cell as  cell in the downlink cells with SCS  and as  cell in the downlink cells with SCS . 

Search space set
For the search space configuration for cross-carrier scheduling in existing NR, a search space set with an ID can be configured for each scheduled cell. The ID must be same as a configured search space set on the scheduling cell. Only number of PDCCH candidates per aggregation level, i.e., nrofCandidates is included in the search space set configuration for a scheduled cell. All other parameters follow the configuration of search space with same ID on the scheduling cell. 
For the configuration of DCI format 0_X/1_X, the existing behavior may be reused. More specifically, nrofCandidates can be separately configured for each cell that can be scheduled by the DCI format 0_X/1_X. Other parameters can still follow the search space set configuration with same ID on the scheduling cell. Another alternative discussed in last meeting is to configure the search space set of DCI format 0_X/1_X in only one cell. However, there is no clear benefit to change the existing behavior. 
One more issue is how to determine the CCE index mapped by a search space set of DCI format 0_X/1_X. Assuming search space set for the DCI format 0_X/1_X can be respectively configured for each cell scheduled by the DCI format 0_X/1_X, CIF value, i.e.,  can be configured for each cell respectively. The existing formula CCE mapping can be reused, i.e., 
.
Proposal 12: 
· Search space set of the DCI format 0_X/1_X is configured on each cell of the set of cells that can be scheduled by the DCI format 0_X/1_X and associated with the search space set on the scheduling cell with the same search space ID
· Only parameter nrofCandidates is included in the search space set configuration for a scheduled cell
· The mapped CCE index is determined by  respectively configured for each cell the set of cells

HARQ-ACK feedback for multi-cell scheduling
PUCCH resource determination 
At the RAN1#110 meeting, it was agreed that UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot n + k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n 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 [1].  
To identify a PUCCH slot/sub-slot, a reference PDSCH should be defined to apply K1 value, if multiple PDSCHs scheduled by a multi-cell scheduling DCI are located in different slots. Similar to multi-PDSCH scheduling as defined for FR2-2 in Rel-17, a PDSCH with last ending symbol can be used as the reference PDSCH to ensure sufficient preparation time for PUCCH. Figure 5 illustrates an example of reference PDSCH for multi-cell scheduling. In the example, PDSCH #1 is reference PDSCH, thus PUCCH is in the same slot as PDSCH #1 with K1 = 0. Note that a PDCCH schedules PDSCH #0 and PDSCH #1 in different carries in different slots. 
[image: ]
[bookmark: _Ref101731425]Figure 5. Reference PDSCH for PUCCH slot determination
Proposal 13
· For PUCCH slot/sub-slot determination, the reference PDSCH is the last PDSCH, i.e., with the last ending symbol in co-scheduled cells.

Type 1 HARQ-ACK codebook
At the RAN#97-e meeting, it was agreed to support Type-1 HARQ-ACK codebook for multi-cell scheduling where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode [2]. Note that in Rel-15, Type 1 HARQ-ACK codebook is determined by candidate DL slots and candidate PDSCH locations within the DL slots based on K1 set and TDRA for each configured serving cell. In Rel-17, Type 1 HARQ-ACK codebook is enhanced for multi-PDSCH scheduling by extension of K1 set and the slot offset between last PDSCH and other PDSCHs in the same row of TDRA table (e.g., slot offset = K0 for last PDSCH – K0 for other PDSCHs).
To determine the candidate DL slots, for multi-cell scheduling, if both scheduling and scheduled carriers are with same SCS, similar mechanism as Rel-17 can be directly applied with minor enhancement for slot offset determination, i.e., candidate DL slots is generated according to extended K1 based on K1 for reference PDSCH and slot offset between reference PDSCH and PDSCH in different CCs.  Alternatively, for further simplification, similar to Rel-15, the DL candidate slots for each CC can be still determined according to the configured K1 set, with the restriction that the effective K1 for each CC which is based on K1 for reference PDSCH is always a subset of the configured K1, which is similar to K1 restriction for DCI format 1_0. To determine the candidate PDSCH locations within the DL slots, minor modification is needed for SLIV pruning, if a TDRA row consists of multiple SLIVs for multiple cells. In such case, for a row, only the single SLIV for the corresponding CC rather than all SLIVs of the row is added into a set for SLIV pruning for that CC. 
Proposal 14
· ForType-1 HARQ-ACK codebook for multi-cell scheduling, 
· For candidate DL slots, with restriction of same SCS for carriers, the candidate DL slots can be determined by minor modification of Rel-17 multi-PDSCH scheduling extended K1 based on K1 for reference PDSCH, and slot offset between reference PDSCH and PDSCHs in different CCs, or simplify based on configured K1 values as in Rel-15 with the restriction that the effective K1 for each CC is always a subset of the configured K1. 
· For candidate PDSCH within a DL slot, SLIV pruning is based on SLIVs for the corresponding CC, i.e., only adding the single SLIV for the corresponding CC rather than all SLIVs of the row into a set for SLIV pruning for that CC. 

Type 2 HARQ-ACK codebook
RAN1 already agreed to support separate sub-codebook for single cell and multi-cell scheduling case. One FFS point is, 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.  Similar to multi-PDSCH scheduling for Rel-17, the configured PDSCH rather than the valid PDSCH can be used to determine the sub-codebook. Therefore, a DCI scheduling more than one cell is associated with the second sub-codebook regardless of the number of cells with valid PDSCH. 
Another FFS point is, how to determine the number of HARQ-ACK information bits for each DCI format 1_X, if at least one cell is configured with 2 codeworks without spatial bundling. Apparently, similar to Rel-15/16/17 type-2 codebook, the number of HARQ-ACK information bits per DCI is determined by the maximum number of TBs which can be co-scheduled by the DCI, e.g., max ( bits where  is maximum number of TBs for k-th PDSCH of i-th set of carriers,  is the number of co-scheduled PDSCHs for i-th set of carriers.
As mentioned above, configuration of both multi-cell PDSCH scheduling and multi-PDSCH scheduling for the same or different cell within a PUCCH group should be supported. In this case, to simplify the design and specification effort, 2 sub-codebooks with multi-cell PDSCH scheduling and multi-PDSCH transmission in the same 2nd sub-codebook can be supported, and the number of HARQ-ACK bits per DCI is the maximum number of co-scheduled PDSCHs in the same cell or among multiple cells. 
Another aspect of type-2 HARQ-ACK codebook is DAI counting. Currently, C-DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs first in increasing order of the PDSCH reception starting time for a PDCCH MO for a serving cell, and then, in ascending order of serving cell index, and lastly in ascending order of PDCCH monitoring occasion index. For multi-cell scheduling, it is unclear which serving cell index should be used to determine C-DAI order, because there are multiple PDSCHs on multiple CCs scheduled by a single PDCCH. Therefore, a reference PDSCH should be defined, e.g., the reference PDSCH with smallest serving cell index of co-scheduled PDSCHs can be reused for serving cell index determination. 
Figure 6 illustrates an example for reference PDSCH for DAI order. In the example, in a PDCCH MO, PDCCH1 schedules PDSCH #0 and PDSCH #1 on CC0 and CC3 respectively, and PDCCH2 schedules PDSCH #2 and PDSCH #3 on CC1 and CC2 respectively. To determine the DAI order, serving cell index for reference PDSCH #0 (CC#0) and serving cell index for reference PDSCH #2 (CC#1) is used, thus smaller DAI value is indicated for PDCCH 1 (DAI=0) and larger DAI value is indicated for PDCCH2 (DAI=1).   
[image: ]
[bookmark: _Ref101734694]Figure 6. Reference PDSCH for serving cell index to determine DAI order
In last meetings, there were some discussions for last PDCCH determination. PDCCHs scheduling PDSCHs associated with same PUCCH can indicate different PRI, i.e., PUCCH resource overriding. The PUCCH resource finally used for HARQ-ACK feedback for all PDSCHs is determined by the last PDCCH. Currently, the PDCCH associated with largest serving cell index in last PDCCH MO is the last PDCCH. For multi-cell PDSCH scheduling, on one hand, it seems reasonable to define a reference PDSCH per PDCCH to determine the serving cell index for the PDCCH, which is similar to DAI ordering. On the other hand, gNB can easily ensure same PRI in PDCCHs in same PDCCH MO by proper implementation (similar to multiple PDCCHs for a serving cell in one PDCCH MO in Rel-16 CA-DC), which does not require any additional standard effort. 
[bookmark: _Hlk110455236]Proposal 15
· Type-2 HARQ-ACK codebook considers at least two sub-codebooks for single-cell PDSCH and multi-cell PDSCH scheduling.
· PDCCH scheduling single PDSCH is in 1st sub-codebook and PDCCH scheduling PDSCHs in multiple cells regardless of number of cells with valid PDSCHs is in 2nd sub-codebook. 
· For 2nd 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, the number of HARQ-ACK bits per DCI format 1_X is determined by the maximum sum of number of TBs for co-scheduled PDSCHs by the DCI format 1_X.
· DAI is separately counted within each sub-codebook. 
· For 2nd sub-codebook, DAI ordering is based on the serving cell index of a reference PDSCH per PDCCH, which is determined by the PDSCH with smallest serving cell index. 
· For simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH transmission with different DCIs on the same or different cell(s) within a same PUCCH group, both multi-cell PDSCH and multi-PDSCH scheduling belong to 2nd sub-codebook.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on multi-cell scheduling with a single DCI, with primary focus on the DCI content, HARQ-ACK feedback and beam management for multi-cell scheduling. Further, we summarize the proposals as follows:
Proposal 1
· Configuration of both multi-cell PDSCH scheduling and multi-PDSCH scheduling for the same or different cell within a PUCCH group is supported.
· Configuration of both multi-cell PUSCH scheduling and multi-PUSCH transmission in the same or different cell is supported.
Proposal 2
· For each cell within a set of configured cells which can be scheduled by a DCI format 0_X/1_X, 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell. 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells.
Proposal 3
· Support Type-3 DCI field for multi-cell scheduling:
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
Proposal 4
· Type-1 DCI field for multi-cell scheduling at least includes 
· Time domain resource assignment
· BWP and cell index
· HARQ process number
· DMRS sequence initialization
· beta offset indicator
· CSI request
· Rate matching indicator
· ZP CSI-RS trigger
· VRB-to-PRB mapping
· SRS request
Proposal 5
· For multi-cell scheduling, carrier indication field is included in the DCI to determine a set of carriers from a configured table. 
Proposal 6
· For multi-cell scheduling, a row of the TDRA table can configure separate resource allocation in time for all the configured cells.
Proposal 7
· Type-3 DCI field for multi-cell scheduling at least includes 
· Modulation and coding scheme
· Frequency domain resource assignment
Proposal 8
· Multiple configurations of the DCI fields can be configured for DCI format 0-X/1-X for flexibility, which may result in different DCI sizes 
Proposal 9
· The size of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X. 
Proposal 10: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell
· Rel-17 PDCCH monitoring limits  and  can be reused
· Special handling on BD/CCE counting for  is not needed
· The BD/CCE of a PDCCH of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X for  and .
Proposal 11: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells, for a cell that can be scheduled by two scheduling cells with SCS ,
· If  for a cell, the UE determines  and  by counting one cell in the downlink cells with SCS . 
· If  for a cell, the UE can count the cell as  cell in the downlink cells with SCS  and as  cell in the downlink cells with SCS . 
Proposal 12: 
· Search space set of the DCI format 0_X/1_X is configured on each cell of the set of cells that can be scheduled by the DCI format 0_X/1_X and associated with the search space set on the scheduling cell with the same search space ID
· Only parameter nrofCandidates is included in the search space set configuration for a scheduled cell
· The mapped CCE index is determined by  respectively configured for each cell the set of cells
Proposal 13
· For PUCCH slot/sub-slot determination, the reference PDSCH is the last PDSCH, i.e., with the last ending symbol in co-scheduled cells.
Proposal 14
· ForType-1 HARQ-ACK codebook for multi-cell scheduling, 
· For candidate DL slots, with restriction of same SCS for carriers, the candidate DL slots can be determined by minor modification of Rel-17 multi-PDSCH scheduling extended K1 based on K1 for reference PDSCH, and slot offset between reference PDSCH and PDSCHs in different CCs, or simplify based on configured K1 values as in Rel-15 with the restriction that the effective K1 for each CC is always a subset of the configured K1. 
· For candidate PDSCH within a DL slot, SLIV pruning is based on SLIVs for the corresponding CC, i.e., only adding the single SLIV for the corresponding CC rather than all SLIVs of the row into a set for SLIV pruning for that CC. 
Proposal 15
· Type-2 HARQ-ACK codebook considers at least two sub-codebooks for single-cell PDSCH and multi-cell PDSCH scheduling.
· PDCCH scheduling single PDSCH is in 1st sub-codebook and PDCCH scheduling PDSCHs in multiple cells regardless of number of cells with valid PDSCHs is in 2nd sub-codebook. 
· For 2nd 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, the number of HARQ-ACK bits per DCI format 1_X is determined by the maximum sum of number of TBs for co-scheduled PDSCHs by the DCI format 1_X.
· DAI is separately counted within each sub-codebook. 
· For 2nd sub-codebook, DAI ordering is based on the serving cell index of a reference PDSCH per PDCCH, which is determined by the PDSCH with smallest serving cell index. 
· For simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH transmission with different DCIs on the same or different cell(s) within a same PUCCH group, both multi-cell PDSCH and multi-PDSCH scheduling belong to 2nd sub-codebook.
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