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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 [2-3]. 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, including the simulation with the aim to identify the maximum number of the cells that can be scheduled by a DCI and the potential issues. 
The maximum number of configurable cells for co-scheduling
In RAN1#110 meeting, up to 4 co-scheduled cells by a single MC-DCI was concluded as working assumption.
	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 configurable cells exceed 4. For example, the configured cells for co-scheduling is 8. MC-DCI scheduling cell#0-3 may have a small size, while MC-DCI scheduling cell#4-7 may have a large size. In addition, a field may be shared when scheduling cell#0-3 and separate when scheduling cell#4-7. It is unclear how to determine the MC-DCI size considering there may be many fields configured by the network. If understanding 2 is adopted, the maximum number of co-scheduled cells by a single MC-DCI can be 8 according our calculation in Table 1. As a result, the working assumption can be reversed that both the maximum number of co-scheduled cells by a single MC-DCI and the maximum number of configurable cells for co-scheduling are same and both equal to 8. 
In addition, understanding 1 can provide more flexibility compared with understanding 2. For example, the network can divide the 8 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 is equal to the maximum number of co-scheduled cells by a single MC-DCI.
DCI field design
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.




In our understanding, some DCI fields should not be included in the MC-DCI. It means that the network cannot configure such fields in the MC-DCI. For example, the CBGTI/CBGFI since it was agreed that CBG-based transmission is not supported. 
Proposal 2: Some fields should not be included in the MC-DCI.
High-level analysis on DCI fields
Firstly, take Rel-15 DCI format 1_1 with cross-carrier scheduling function as an example for the baseline DCI format. All Rel-15 DCI fields of DCI format 1_1 are listed in Table 1 below. For each field of the MC-DCI, whether to adopt shared or separate indication should be determined. For example, 'Identifier for DCI formats' can apply shared indication because all the cells are scheduled with PDSCH. The 'Frequency/Time resource assignment' on the N co-scheduled cells can be indicated shared or separately depending on the requirement/configuration on the N co-scheduled cells. In order to maintain system efficiency, AMC related fields should be indicated separately. The feedback of the PDSCH on the N co-scheduled cells should be in the same codebook. As a result, the HARQ-ACK feedback related fields can apply shared indication accordingly. For MIMO related fields, it may depend on the detailed configuration of the N co-scheduled cells and UE feature which can be also shared or separate indication. As an example shown in Table 1, the size of multi-cell scheduling DCI is calculated with assuming the maximum number of the co-scheduled cells is N=2, 4 or 8. 
Table 1 DCI fields of Format 1_X with multi-cell PDSCH scheduling (assume BWP = 100 PRBs)
	DCI fields of Format 1_1
	Bit size of Format 1_1 (bits)
	Baseline size (bits)
	Shared or Separate indication for each field of Format 1_X
	Bit size of Format 1_X compared with baseline size (bits) 

	
	
	
	
	N=2
	N=4
	N=8

	Identifier for DCI formats
	1
	1
	Shared
	1
	1
	1

	Carrier indicator / co-scheduled cells indicator
	0 or 3
	3
	Shared
	3
	3
	3

	Bandwidth part indicator
	0 – 2
	1
	Separate
	2
	4
	8

	Frequency domain resource assignment
	13
	13
	Shared or separate
	13 or 26
	13 or 52
	13 or 108

	Time domain resource assignment
	0 - 4
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	VRB-to-PRB mapping
	0 or 1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	PRB bundling size indicator
	0 or 1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	Rate matching indicator
	0 - 2
	1
	Separate
	2
	4
	8

	ZP CSI-RS trigger
	0 - 2
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	TB1: Modulation and coding scheme
	5
	5
	Separate
	10
	20
	40

	TB1: New data indicator
	1
	1
	Separate
	2
	4
	8

	TB1: Redundancy version
	2
	2
	Separate
	4
	8
	16

	TB2: Modulation and coding scheme
	5
	-
	Separate
	-
	-
	-

	TB2: New data indicator
	1
	-
	Separate
	-
	-
	-

	TB2: Redundancy version
	2
	-
	Separate
	-
	-
	-

	HARQ process number
	4
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	Downlink assignment index
	0, 2, or 4
	4
	Shared
	4
	4
	4

	TPC command for scheduled PUCCH
	2
	2
	Shared
	2
	2
	2

	PUCCH resource indicator
	3
	3
	Shared
	3
	3
	3

	PDSCH-to-HARQ timing indicator
	0 - 3
	3
	Shared
	3
	3
	3

	Antenna port(s)
	4, 5, or 6
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	Transmission configuration indication
	0 or 3
	3
	Shared or separate
	3 or 6
	3 or 12
	3 or 24

	SRS request
	2 or 3
	2
	Shared or separate
	2 or 4
	2 or 8
	2 or 16

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8
	-
	Separate
	-
	-
	-

	CBG flushing out information (CBGFI)
	0 or 1
	-
	Separate
	-
	-
	-

	DMRS sequence initialization
	1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	Total size (excluding CRC)
	38 - 83
	60
	Total size (bits)
	70 - 104
	90 - 192
	130 - 380


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. 
Based on our preliminary analysis, with the restriction of up to 140 bits, N=4 can be assumed to design the multi-cell scheduling DCI. That is, except the fields that must be separately indicated, e.g. NDI, RV, etc, 2 sub-groups can be designed for a configurable field, e.g. FDRA, TDRA, etc. For example, 2 sub-groups can be designed for FDRA, one sub-group is for FDD carrier with small bandwidth, the other sub-group is for TDD carrier with large bandwidth. Otherwise, shared or separate indication can be configured.
Proposal 3: 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, 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



 
· Type-1
The indicator of co-scheduled cells should belong to Type-1B field as discussed below with codepoint of CIF. 
In multi-PDSCH or multi-PUSCH scheduling, the HPN field is shared by the scheduled PDSCHs or PUSCHs and the HPNs for the scheduled PDSCHs or PUSCHs are determined by the defined 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. If the field is separate indication, it should be considered as error case or only one of them is valid and others should be discarded/ignored. As a result, it is better for the field to be shared indicated and only applied for one cell, i.e. A-CSI feedback on PUSCH with the lowest cell index is triggered. 
· Type-2
The Type-2 field should include at least NDI and the RV, which is the same as the multi-PDSCH/PUSCH scheduling. To reduce the DCI size, 1 bit RV field can be used for RV indication. 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 4: The fields are categorized as below.
· Type-1 field: 
· Type-1A:HPN
· Type-1B:Indicator of co-scheduled cells
· Type-1C:CSI request
· 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
If the FDRA field is shared by the co-scheduled cells, how to indicate the frequency resource should be discussed. When the co-scheduled cells have the same BWP size, the same frequency resource size can be indicated for the co-scheduled cells. Otherwise, new approach should be introduced, e.g., 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. Then the frequency resource for this co-scheduled cell is indicated by the FDRA field directly. The frequency resource for the other co-scheduled cells can be determined by scaling the resource.
Proposal 5: The frequency resource indication for the co-scheduled cells with different BWP sizes in the case of shared FDRA field should be specified.
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 6: 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.
MC-DCI handing
Search space for MC-DCI
In RAN1#110 meeting, the discussed proposals are listed below.
	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 signaling.
· Other alternatives are not precluded.

Proposal 2-9:
· For monitoring PDCCH candidates for a set of cells which can be 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 current spec, PDCCH blind decoding on a scheduling cell in a USS 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, USS with same index on the scheduling cell for each scheduled cell is determined by CIF value(n_CI) of each scheduled cell. Then for this single MC-DCI with multi-cell scheduling, based on current search space configuration, in case dci-Formats with the new introduced DCI format 0_X/1_X are configured in the USS on the scheduling cell, the MC-DCI carried by the PDCCH in the USS with same index for a scheduled cell will be monitored and the corresponding BD/CCE configured by nrofCandidates on the scheduled cell will be counted for the scheduled cell. Before down-selection of the alternatives, some clarifications are needed.
[image: ]
Figure 1 Example of USS of each scheduled cell within CA
· Whether MC-DCI can be transmitted/detected in a USS of a scheduled cell if the MC-DCI does not schedule the scheduled cell at a time.
In the current spec, the search space for each scheduled cell are determined independently, and the DCI for scheduling one scheduled cell could only be transmitted and detected in its own search space on the scheduling cell, except search space sharing supported. For example, DCI format 1_1 used for scheduling CC0 can be sent in the USS of CC0 on the scheduling cell. It cannot be sent in the USS of CC1 or CC2 on the scheduling cell.
For MC-DCI used for scheduling a group of configured co-scheduled cells {CC0, CC1, CC2}, different multi-cell could be scheduled by different value of the co-scheduled cells indicator in the MC-DCI. In case only CC0 and CC2 are scheduled by the co-scheduled cells indicator in a MC-DCI, the MC-DCI can be transmitted and detected in the USS of CC0 and CC2 on the scheduling cell. Whether the MC-DCI can be transmitted and detected in the USS of CC1 on the scheduling cell should be determined. Since the size of MC-DCI is fixed for a group of the configured co-scheduled cells, it should be supported that MC-DCI can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is one of the group of configured co-scheduled cells. Furthermore, if not all the cells within the group of co-scheduled cells are configured with the USS comprising MC-DCI, it will be restricted that the cells without configured the USS comprising MC-DCI should be always scheduled together with the cells configured with USS comprising MC-DCI.
Proposal 7: MC-DCI used for scheduling a group of configured co-scheduled cells can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is configured within the group of co-scheduled cells.
· BD/CCE counting for multi-cell scheduling DCI
Since the USS comprising MC-DCI can be configured for one or partial or all scheduled cells within the group of configured co-scheduled cells on a scheduling cell with the current search space linkage, the BD/CCE for MC-DCI in a USS of a scheduled cell will be counted for the scheduled cell. That is, if all the scheduled cells within the group of configured co-scheduled cells are configured with the USS comprising MC-DCI, then BD/CCE counted on each scheduled cell depends on the nrofCandidates configured on each scheduled cell. For only a scheduled cell within the group of configured co-scheduled cells configured with the USS comprising MC-DCI, the BD/CCE will be counted only in this scheduled cell. 
Proposal 8: BD/CCE counting for multi-cell scheduling DCI within a USS of a scheduled cell will be counted only in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, no BD/CCE counting for MC-DCI within the USS for the scheduled cell.
DCI size budget including MC-DCI
[bookmark: _GoBack]In RAN1#110 meeting, the discussed proposals are listed below.
	RAN1#110 (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.



Similar as BD/CCE counting for MC-DCI, the USS comprising MC-DCI can be configured for one or partial or all scheduled cells within the group of configured co-scheduled cells on a scheduling cell with the current search space linkage. The DCI size budget of MC-DCI in a USS of a scheduled cell can be counted for the scheduled cell. That is, if all the scheduled cells within the group of configured co-scheduled cells are configured with the USS comprising MC-DCI, then the size of MC-DCI will be counted on each scheduled cell for considering the DCI size budget issue. For a scheduled cell within the group of configured co-scheduled cells and configured with a USS comprising MC-DCI, the size of MC-DCI will be counted only in this scheduled cell. 
Proposal 9: For a scheduled cell within the group of configured co-scheduled cells configured with a USS comprising MC-DCI, the size of MC-DCI should be counted in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, the size of MC-DCI will not be counted in the scheduled cell.
Further 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. Alternatively, if the DCI format 0_X/1_X can be only configured in the USS of one or more scheduled cells which is not a scheduling cell, then DCI size budget for each cell can be easily maintained without additional mechanism. 
Observation 1: Existing DCI size budget per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell.
Proposal 10: DCI size budget for a scheduling cell which is also a scheduled cell can be achieved by one of following.
· The whole DCI budget can be used for DCI formats with CRC scrambled by C-RNTI
· Maintain current DCI size budget and the MC-DCI can be only configured in the USS of one or more scheduled cells which is not a scheduling cell.
SC-DCI and MC-DCI handling
In RAN1#110 meeting, both MC-DCI and SC-DCI were supported as working assumption.
	RAN1#110 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



In the previous discussion, if a scheduled cell is configured to be scheduled by MC-DCI, it is beneficial that SC-DCI can be also supported for the scheduled cell due to CCE saving. Meanwhile, based on the analysis in section 5.1 and 5.2, 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 depend on the USS configuration on each scheduled cell. At least for the scheduled cell which is not a scheduling cell, DCI size budget can be maintained with both MC-DCI and non-fallback SC-DCI configured. For the scheduled cell which is also a scheduling cell, DCI size budget can be also maintained according section 5.2. As a result, the working assumption can be confirmed with FFS deleted.
Proposal 11: Confirm the working assumption with the FFS deleted.
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.  
HARQ-ACK feedback
In RAN1#110 meeting, the agreement for single PUCCH for the multi-cell PDSCH scheduling is listed below.
	RAN1#110 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. For example, the first PDSCH of the multiple scheduled by MC-DCI can be used to determine the PUCCH slot. In addition, the DAI value can also be determined by the first PDSCH.
Proposal 12: The first PDSCH scheduled by DCI 1_X 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 impact to the Type-1 codebook in the case of multi-cell scheduling. 
Proposal 13: No additional 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, 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 current specification, when the scheduled PDSCH collides with UL symbols, the scheduled PDSCH actually cannot be transmitted. It means that the actual transmitted PDSCH may be less than the scheduled PDSCH. In case number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one, the MC-DCI should be associated with the first sub-codebook since there is no ambiguity between the network and UE on the collision.
Proposal 14: MC-DCI should be associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
For the number of HARQ-ACK information bits for TB-based sub-codebook, if at least one of the cells is configured with two codewords per PDSCH without spatial bundling, two HARQ-ACK information bits correspond to a PDSCH according to the current specification. The main purpose is to ensure the aligned understanding of the codebook size between the network and the UE in case the DL DCI is missed. For multi-cell scheduling, the number of scheduled cell changes dynamically. If a MC-DCI is missed, the UE will not know the exact scheduled cell scheduled by the missed MC-DCI. Therefore, the same principle should be applied to the second sub-codebook for multi-cell scheduling to get the aligned codebook size. 
Proposal 15: The number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N when 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.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: Existing DCI size budget per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell.
Proposal 1: The maximum number of configurable cells for co-scheduling is equal to the maximum number of co-scheduled cells by a single MC-DCI.
Proposal 2: Some fields should not be included in the MC-DCI, i.e. CBGTI/CBGFI.
Proposal 3: 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 4: The fields are categorized as below.
· Type-1 field: 
· Type-1A:HPN
· Type-1B:Indicator of co-scheduled cells
· Type-1C:CSI request
· 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 5: The frequency resource indication for the co-scheduled cells with different BWP sizes in the case of shared FDRA field should be specified.
Proposal 6: 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 7: MC-DCI used for scheduling a group of configured co-scheduled cells can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is configured within the group of co-scheduled cells.
Proposal 8: BD/CCE counting for multi-cell scheduling DCI within a USS of a scheduled cell will be counted only in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, no BD/CCE counting for MC-DCI within the USS for the scheduled cell.
Proposal 9: For a scheduled cell within the group of configured co-scheduled cells configured with a USS comprising MC-DCI, the size of MC-DCI should be counted in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, the size of MC-DCI will not be counted in the scheduled cell.
Proposal 10: DCI size budget for a scheduling cell which is also a scheduled cell can be achieved by one of following.
· The whole DCI budget can be used for DCI formats with CRC scrambled by C-RNTI
· Maintain current DCI size budget and the MC-DCI can be only configured in the USS of one or more scheduled cells which is not a scheduling cell.
Proposal 11: Confirm the working assumption with the FFS deleted.
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. 
Proposal 12: The first PDSCH scheduled by DCI 1_X and the corresponding k1 offset should be used to determine the PUCCH slot.
Proposal 13: No additional is needed for supporting the Type-1 codebook for multi-cell scheduling.
Proposal 14: MC-DCI should be associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
Proposal 15: The number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N when 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.
Reference
RP-222251, Revised WID on Multi-carrier enhancements, RAN#97-e.
RAN1#109e chairman notes. 
RAN1#110 chairman notes. 



7/12
image1.png
CCE index

M(1=2)=2
CCE index [ 6] 7]





image2.png
n+k




image3.png




image4.png




image5.png




image6.png




