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1. Introduction
In this document, we provide our views on multi-cell PUSCH/PDSCH scheduling with a single DCI.
2. Discussion
2.1 Search space configuration
	FL Proposal 2-8rev2:
For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signalling.
· Other alternatives are not precluded.


In the legacy design of cross-carrier scheduling, search space configuration is configured in each scheduled cells (e.g. Alt-1). Consider the operation of SCell (de)activation and DRX on/off among serving cells, applying the legacy design can avoid many potential issues.  

Proposal 1: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID. (Alt-1)

	FL Proposal 2-9:
For monitoring PDCCH candidates for a set of cells which can be potentially co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.



In the current spec, the n_CI value is determined by a value configure for the scheduled cell, and the value is also associated with the CIF value in the DCI format. So, alternatives here is actually indicating the CIF code point to RRC configure value association. But, the working group has not determined whether to use bitmap or RRC table to indicate scheduled carrier. Thus, we can agree the association between n_CI and CIF first.
[bookmark: _GoBack]Proposal 2: The parameter n_CI in the search space equation is determined by a RRC configured value associated with the carrier indicator field in the DCI format. The association between the RRC configured value and the carrier indicator field can be determined in different discussion.
2.2 Indication of scheduled cells
	FL Proposal 3-3rev2:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· FFS: reusing CIF field in the DCI as the indicator



Regarding the carrier indication, there are two solutions on the table, using bitmap or RRC table. Bitmap solution is a compact solution considering the working assumption that the maximum schedulable cells is limited to 4. However, the number of configurable cells for scheduling is still under discussion. If the number of configurable cells for scheduling is 8, the bitmap size will be doubled. As for the RRC table solution, it can achieve the same flexibility as bitmap solution, but with a larger RRC overhead to build the table. From our perspective, we see the multi-cell scheduling feature as a method of aggregating multiple small carriers. Support full carrier indication flexibility is not necessary, thus the RRC table solution is preferred. Another advantage of this solution is that the decision can be made regardless the discussion on the maximum number of configurable cell for scheduling, which makes the discussion even faster.
Proposal 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells, where the table is configured by RRC signalling.
2.3 HARQ enhancement
	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.




In the second bullet of this agreement, the group has agree to use separate DAI counting for DCI scheduling single or multiple cells. However, it does not limit the format of the DCI, thus it introduces an issue that can the new DCI format 1_x and legacy DCI format (e.g. 1_1) associate with the same HARQ sub-codebook when the DCI format 1_x schedules transmissions on only one cell. The advantage of this feature is to save the HARQ codebook size when only one cell is scheduled. However, from our perspective, for UE configured with multi-cell scheduling by one DCI, the possibility that the new DCI format schedules only one cell is low, thereby the advantage is marginal. On the other hand, if the cell is configured with self-scheduling, legacy DCI format can be utilized for single cell scheduling. From the UE implementation perspective, UE has to determine the DAI counting system dynamically not only from the DCI format but also from the number of scheduled cells, which is not preferred
Proposal 4: Transmissions scheduled by the DCI format 1_X associate with the same HARQ sub-codebook, regardless the number of scheduled cells.
Multi-PDSCH/PUSCH scheduling are introduced in Rel. 16/17 due to the channel access issue and high order numerology, thus we do not see the necessity to introducing this feature with multi-cell scheduling. 
Proposal 5: Multi-PDSCH scheduling is not supported with multi-cell scheduling DCI, TDRA field in the MC-DCI indicates a row in RRC configured table, where the row include only one value. 

3. Conclusion
Proposal 1: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID. (Alt-1)
Proposal 2: the n_CI in the search space equation is determined by a RRC configured value associated with the carrier indicator field in the DCI format. The association between the RRC configured value and the carrier indicator field can be determined in different discussion.
Proposal 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells, where the table is configured by RRC signalling.
Proposal 4: Transmissions scheduled by the DCI format 1_X associate with the same HARQ sub-codebook, regardless the number of scheduled cells.
Proposal 5: Multi-PDSCH scheduling is not supported with multi-cell scheduling DCI, TDRA field in the MC-DCI indicates a row in RRC configured table, where the row include only one value. 
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