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1. Introduction
In RAN#94e, a new WI for multi-carrier enhancement in Rel-18 was approved with following objective in WID [1]. 

	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed 



In this contribution, we discuss and provide our views on multi-cell PDSCH/PUSCH scheduling with a single DCI, in terms of DCI field structure for the multi-cell scheduling DCI (denoted as “multi-cell DCI” hereafter), PDCCH blind decoding/search space for the multi-cell DCI, and HARQ-ACK feedback for multi-cell PDSCH scheduling.

2. DCI field structure for multi-cell scheduling DCI
In this section, we discuss on DCI field structure for multi-cell DCI in terms of how to indicate scheduled cell(s) via the multi-cell DCI, how to composite DCI fields in the multi-cell DCI, and how to limit DCI payload size of the multi-cell DCI.

· Indication of scheduled cell(s)
Regarding multi-cell PDSCH/PUSCH scheduling, first of all, it is necessary to discuss on how to indicate scheduled cell(s) via multi-cell DCI. For this, following two options can be considered with assumption that the multi-cell DCI can indicate only one scheduled cell.

· Option 1: Based on CIF field only
Each of candidate cell combinations (with either multiple cells or only single cell) schedulable by a multi-cell DCI is pre-configured with different CIF value. Then, the CIF field can indicate either a (multi-cell) CIF value corresponding to multiple cells or a (single-cell) CIF value corresponding to a single cell.
· Option 2: Based on 1-bit flag and CIF field
The 1-bit flag indicates whether the DCI schedules multiple cells or a single cell. Then, the CIF field indicates a multi-cell CIF value if the 1-bit flag indicate multiple cells while the CIF field indicates a single-cell CIF value if the 1-bit flag indicate single cell, where a multi-cell CIF value can be configured as the same value with a single-cell CIF value.

	CIF value
	Scheduled cell(s)

	000
	Cell #1

	001
	Cell #2

	010
	Cell #3

	011
	Cell #1 + Cell #2

	100
	Cell #1 + Cell #3

	…
	…


Figure 1: Example of Option 1 (with CIF field) for indication of scheduled cell(s) via multi-cell DCI

Proposal #1: Discuss how to indicate scheduled cell(s) via the multi-cell DCI, based on the following two options.
· Option 1: Based on CIF field only
· Different CIF values are configured between multi-cell scheduling case and single-cell scheduling case.
· Option 2: Based on 1-bit flag and CIF field
· The 1-bit flag indicates whether the DCI schedules multi-cell or single-cell, and the CIF field indicates multi-cell CIF value or single-cell CIF value according to the 1-bit flag.

· Composition of DCI fields
Especially, it is necessary to discuss on how to composite DCI fields in the multi-cell DCI to indicate the parameters required for multiple PDSCH/PUSCH transmissions on multiple cells. There can be three types of DCI field according to whether the DCI field can be shared among scheduled cells and whether the DCI field can be omitted in the multi-cell DCI to reduce DCI overhead.

· DCI field type 1: “Shared”
For this DCI field type, a multi-cell DCI has only one field and the field is shared among scheduled cells/TBs. According to functional characteristics of the DCI field and dependency between scheduled cells/TBs, following four different alternatives can be considered.
· Alt 1: Shared-common
The value indicated via one DCI field is commonly applied for all the scheduled cells/TBs.
· Alt 2: Shared-reference-cell
The value indicated via one DCI field is applied for only one of scheduled cells while a (pre-defined/configured) default value is applied for other scheduled cell.
· Alt 3: Shared-single-cell
The DCI field is present only if a single cell is scheduled by multi-cell DCI while the field is not present if multiple cells are scheduled by the multi-cell DCI.
· Alt 4: Shared-state-extension
Each DCI state (or code-point) to be indicated via one field corresponds to a combination of multiple values for multiple cells (unlike the legacy single-cell scheduling where each DCI state corresponds to only one value for single cell).
· DCI field type 2: “Separate”
For this DCI field type, a multi-cell DCI has multiple separate fields corresponding to multiple scheduled cells/TBs. According to functional characteristics of the DCI field and dependency between scheduled cells/TBs, following two different alternatives can be considered.
· Alt A: Separate-reduced
A DCI has multiple separate fields corresponding to multiple scheduled cells/TBs, and the field size can be reduced compared to single-cell scheduling case considering DCI overhead.
· Alt B: Separate-delta
Full DCI information is indicated for only one of scheduled cells, and only delta value (relative to the full information) is indicated for other scheduled cell.
· DCI field type 3: “Omit”
For this DCI field type, the field is omitted in a multi-cell DCI considering DCI overhead if it would rarely be used or not essential in the multi-cell DCI.

	DCI state
	Values for {Cell #1, Cell#2, Cell #3}

	000
	{x1, y1, z1}

	001
	{x2, y2, z2}

	010
	{x3, y3, z3}

	011
	{x4, y4, z4}

	100
	{x5, y5, z5}

	…
	…


Figure 2: Example of Alt 4 (Shared-state-extension) for composition of DCI field in multi-cell DCI

Based on the categorization of DCI field types in above, we provide our views on the composition of DCI fields in a multi-cell DCI, especially for resource allocation fields, HARQ related fields, and MIMO related fields.

· Resource allocation fields
· FDRA field: Separate (or Shared in some cases)
Basically, since the FDRA might be independent between scheduled cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by increasing RBG size). On the other hand, in some cases such as the cells within same band or same RA type, this field can be “Shared-common” type, and in this case, different number of RBs between cells needs to be considered when indicating common FDRA.
· TDRA field: Separate (or Shared)
Since the TDRA might also be independent between scheduled cells, this field can also be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the rows in the TDRA table). Alternatively (or in some cases), this field can be “Shared-state-extension” type, and in this case, K0/K2 can be configured with a single value for multiple cells (per TDRA row) or with multiple values corresponding to multiple cells (per TDRA row).
· HARQ related fields
· MCS field: Separate 
Basically, since the MCS might be independent between cells/TBs, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by extracting some MCS indexes in the MCS table). On the other hand, in some cases such as the cells within same band, this field can be “Separate-delta” type.
· NDI/RV field: Separate (or Shared for RV field)
Since the NDI/RV might also be independent between cells/TBs, this field can also be “Separate-reduced” type, and the RV field size can be reduced in multi-cell scheduling case (e.g. by 1-bit indication). On the other hand, in case of RV field, it can be “Shared-common” type between TBs in a same cell and/or between cells.
· HARQ ID field: Separate (or Shared)
Since the HARQ ID might also be independent between cells, this field can also be “Separate-reduced” type, and the HARQ ID field size can be reduced in multi-cell scheduling case (e.g. by using less number of HARQ IDs than the configured maximum). Alternatively, to reduce DCI overhead even with scheduling restriction, this field can be “Shared-common” type, and in this case, different (max) number of HARQ IDs between cells needs to be considered.
· MIMO related fields
· Antenna port field: Separate
Basically, since the Antenna port might be independent between cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the size of Antenna port table). Alternatively, to reduce DCI overhead even with scheduling restriction, the port index can be fixed for some of scheduled cells, or the transmission rank can be limited according to the number of TBs in a PDSCH.
· TCI field: Separate (or Shared)
Since the TCI might also be independent between cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the number of TCI code-points). Alternatively, this field can be “Shared-state-extension” type, and in this (and above) case, different TCI configurations (e.g. legacy Rel-16 TCI or unified Rel-17 TCI) between cells needs to be considered.
· SRI field: Separate (or Shared)
Since the SRI might also be independent between cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the number of SRI code-points). Alternatively, this field can also be “Shared-state-extension” type, and in this case, different SRI configurations (e.g. codebook based or non-codebook based) between cells needs to be considered.
· Precoding info & number of layers: Separate
Since the TPMI/layers might also be independent between cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by extracting some TPMI indexes in the TPMI table).
· PTRS-DMRS association: Separate (or Shared)
Since the RS association might also be independent between cells, this field can be “Separate-reduced” type, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing DMRS ports used for association with PTRS). Alternatively, this field can be considered as “Shared-reference-cell” or “Shared-single-cell” type.
· DMRS sequence initialization: Shared (or Omit)
This field can be “Shared-common” or “Shared-reference-cell” or “Shared-single-cell” type. Alternatively, this field can be considered as “Omit” type.
· Other fields: Shared (or Omit)
· BWP indicator, VRB-to-PRB mapping, PRB bundling size, Rate matching indicator, ZP CSI-RS trigger, Type-3 codebook request, SRS request, CBGTI, CBGFI, Priority indicator, Minimum scheduling offset, SCell dormancy indication, UL/SUL indicator, FH flag, DAI, TPC, CSI request, Beta_offset indicator, UL-SCH indicator, LBT parameter field, OLPC parameter set indication, Invalid symbol pattern indicator 
· Other fields in above can be “Shared-common” or “Shared-reference-cell” or “Shared-single-cell” or “Omit” type, and different alternatives can be applied for different fields. Alternatively, in case of {Rate matching indicator, ZP CSI-RS trigger, Beta_offset indicator, Invalid symbol pattern indicator}, these fields can be “Shared-state-extension” type.

Proposal #2: Discuss how to composite DCI fields in the multi-cell DCI, based on the following DCI composition types per DCI field.
  [Categorization of DCI field types]
· DCI field type 1: “Shared”
· Alt 1: Shared-common
The value indicated via one DCI field is commonly applied for all the scheduled cells/TBs.
· Alt 2: Shared-reference-cell
The value indicated via one DCI field is applied for only one of scheduled cells while a (pre-defined/configured) default value is applied for other scheduled cell.
· Alt 3: Shared-single-cell
The DCI field is present only if a single cell is scheduled by multi-cell DCI while the field is not present if multiple cells are scheduled by the multi-cell DCI.
· Alt 4: Shared-state-extension
Each DCI state (or code-point) to be indicated via one field corresponds to a combination of multiple values for multiple cells (unlike the legacy single-cell scheduling where each DCI state corresponds to only one value for single cell).
· DCI field type 2: “Separate”
· Alt A: Separate-reduced
A DCI has multiple separate fields corresponding to multiple scheduled cells/TBs, and the field size can be reduced compared to single-cell scheduling case considering DCI overhead.
· Alt B: Separate-delta
Full DCI information is indicated for only one of scheduled cells, and only delta value (relative to the full information) is indicated for other scheduled cell.
· DCI field type 3: “Omit”
· The field is omitted in a multi-cell DCI.
  [Composition of multi-cell DCI fields]
· Resource allocation fields
· FDRA field: Separate-reduced (or Shared-common in some cases)
· TDRA field: Separate-reduced (or Shared-state-extension)
· HARQ related fields
· MCS field: Separate-reduced (or Separate-delta in some cases) 
· NDI/RV field: Separate-reduced (or Shared-common for RV field)
· HARQ ID field: Separate-reduced (or Shared-common)
· MIMO related fields
· Antenna port field: Separate-reduced
· TCI field: Separate-reduced (or Shared-state-extension)
· SRI field: Separate-reduced (or Shared-state-extension)
· Precoding info & number of layers: Separate-reduced
· PTRS-DMRS association: Separate-reduced (or Shared-reference/single-cell)
· DMRS sequence initialization: Shared-common or Shared-reference/single-cell (or Omit)
· Other fields: Shared (or Omit)
· BWP indicator, VRB-to-PRB mapping, PRB bundling size, Rate matching indicator, ZP CSI-RS trigger, Type-3 codebook request, SRS request, CBGTI, CBGFI, Priority indicator, Minimum scheduling offset, SCell dormancy indication, UL/SUL indicator, FH flag, DAI, TPC, CSI request, Beta_offset indicator, UL-SCH indicator, LBT parameter field, OLPC parameter set indication, Invalid symbol pattern indicator

· Limitation of DCI payload size
Furthermore, it is necessary to discuss on how to limit DCI payload size of the multi-cell DCI considering the maximum size allowed in DCI (Polar) encoding procedure. As expected with the observations in above, the size of multi-cell DCI payload would be determined based on the maximum number of simultaneously scheduled cells/TBs by the multi-cell DCI since the number of DCI bits required for RA/HARQ/MIMO related fields would be increased proportionally. 

Therefore, firstly for both DL and UL scheduling, the maximum number of simultaneously scheduled cells by the multi-cell DCI needs to be limited to a proper number (e.g. 4). Secondly, in case of DL scheduling, the maximum number of simultaneously scheduled TBs by the multi-cell DCI also needs to be limited to a proper number (e.g. 4), for example, by allowing up to 4 TBs for any of scheduled cell combinations or allowing 2-TB PDSCH only in single-cell scheduling case.

Proposal #3: Discuss how to limit DCI payload size of the multi-cell DCI, based on the following considerations.
· The maximum number of simultaneously scheduled cells is to be limited to X (e.g. X = 4).
· The maximum number of simultaneously scheduled TBs is to be limited to Y (e.g. Y = 4).

3. PDCCH BD and SS for multi-cell scheduling DCI
In this section, we discuss on the aspect of PDCCH BD and SS for multi-cell DCI in terms of relationship with single-cell scheduling DCI, handling on DCI size budget, and configuration of PDCCH candidates/SS set for the multi-cell DCI.

· Relationship between multi-cell DCI and single-cell DCI
Support for multi-cell scheduling with a single DCI may lead to redesign each field in DCI as discussed in Section 2 and may cause to introduce a new DCI size. It should be noted that, however, considering the PDCCH monitoring burden of a UE, the current DCI size budget may need to be maintained. If single-cell scheduling is allowed through the multi-cell DCI, the UE may not need to monitor legacy (single-cell scheduling) DCI, but a larger number of redundant bits may need to be padded to maintain the same DCI size as the case of multi-cell scheduling. This can affect the DCI code rate as well as coverage. On the contrary, if single-cell scheduling is not allowed through the multi-cell DCI, the DCI overhead in case of single-cell scheduling can be reduced, but a UE may need to monitor simultaneously two DCI payload sizes (or formats) on a same cell. One may say that PDCCH monitoring for two types of DCI can be switched semi-statistically, but in this case, the degree of scheduling flexibility can be significantly reduced. 

In this respect, it is necessary to discuss how to support single-cell scheduling and multi-cell scheduling in case with the multi-cell DCI. It can be classified into three approaches as follows, and these approaches may need to be discussed first since those can be a basis of PDCCH monitoring for the multi-cell DCI.

· Approach 1: The multi-cell DCI is allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 2: The multi-cell DCI is not allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 3: The multi-cell DCI is allowed to perform single-cell scheduling only for the scheduling cell (while not allowed for other cells).

Proposal #4: Discuss how to support multi-cell scheduling and single-cell monitoring in case with the multi-cell DCI, based on the following three approaches. 
· Approach 1: The multi-cell DCI is allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 2: The multi-cell DCI is not allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 3: The multi-cell DCI is allowed to perform single-cell scheduling only for the scheduling cell (while not allowed for other cells).

As mentioned above, the DCI size (budget) misalignment issue may arise due to the size difference between the single-cell DCI and the multi-cell DCI. For example, although it may vary depending on the multi-cell DCI design, sizes of the multi-cell DCI scheduling multi-cell PDSCH transmissions and the multi-cell DCI scheduling multi-cell PUSCH transmissions may be different. In addition, when the above Approach 2 is applied for a cell, two DCI sizes for legacy single-cell scheduling for PDSCH or PUSCH can be added to DCI size budget, which makes the total different DCI sizes up to four. To resolve the issue, some DCI size alignment for the multi-cell DCI need to be introduced, for example, by aligning the sizes between the multi-cell DCI for PDSCH and the multi-cell DCI for PUSCH. 

Proposal #5: Discuss how to maintain the DCI size budget per cell in case with the multi-cell DCI, according to Approach 1/2/3. 

· PDCCH BD candidates and SS set for multi-cell DCI
Currently, PDCCH search space set configuration is per cell. In case of legacy single-cell scheduling, the corresponding SS set is configured for each scheduled cell and the number of PDCCH candidates per AL can be also configured for each scheduled cell. However, since multi-cell scheduling by single DCI can have multiple scheduled cells, it needs to be discussed whether the SS set configuration and the corresponding configurations on the number of PDCCH candidates per AL is to be done for each scheduled cell by multi-cell scheduling. Since the number of PDCCH candidates per AL (and/or per scheduled cell) is closely related to the overbooking and dropping behaviour, these aspects needs to be discussed with higher priority. Three different alternatives can be discussed in this regard as follows.

· Alt 1: The number of PDCCH candidates per AL is configured for each scheduled cell schedulable by the multi-cell DCI.
· Alt 2: The number of PDCCH candidates per AL is configured for each combination of scheduled cells simultaneously schedulable by the multi-cell DCI.
· Alt 3: The number of PDCCH candidates per AL is configured for the multi-cell DCI itself without differentiating scheduled cells.

Proposal #6: Discuss how to configure the number of PDCCH candidates per AL for the multi-cell scheduling by single DCI, based on following three alternatives as a starting point.
· Alt 1: The number of PDCCH candidates per AL is configured for each scheduled cell schedulable by the multi-cell DCI.
· Alt 2: The number of PDCCH candidates per AL is configured for each combination of scheduled cells simultaneously schedulable by the multi-cell DCI.
· Alt 3: The number of PDCCH candidates per AL is configured for the multi-cell DCI itself without differentiating scheduled cells.

One more thing required to discuss is how to determine n_CI value for the multi-cell scheduling by single DCI. In NR, when the CIF value is set to ‘0’ for self-scheduling and a value greater than 0 may be configured to the scheduled cell for cross-carrier scheduling. In other words, in case of single-cell scheduling, the CCE indexes of PDCCH candidates could be distinguished by configuring different CIF values (and corresponding n_CI) for different scheduled cells. However, in case of multi-cell scheduling, since multiple cells would be simultaneously scheduled with a single scheduling DCI, it may need to discuss how to determine n_CI value for each scheduled cell or for a combination of (simultaneously) scheduled cells. The n_CI value can also be determined in three different ways, which could be associated with the three alternatives on the number of PDCCH candidates in above. That is, the n_CI value may be determined per each of scheduled cell or per each combination of (simultaneously) scheduled cells.

Proposal #7: Discuss how to determine the n_CI value for the multi-cell scheduling, based on the following three alternatives.
· Alt A: The n_CI value is determined as the CIF value configured for each scheduled cell schedulable by the multi-cell DCI (this could be associated with the Alt 1 for PDCCH candidate configuration).
· Alt B: The n_CI value is determined as the CIF value configured for each combination of scheduled cells schedulable by the multi-cell DCI (this could be associated with the Alt 2 for PDCCH candidate configuration).
· Alt C: The n_CI value is determined/configured for the multi-cell DCI itself (this could be associated with the Alt 3 for PDCCH candidate configuration).

4. HARQ-ACK for multi-cell PDSCH scheduling
In this section, we discuss on the aspect of HARQ-ACK feedback for multi-cell PDSCH scheduling case in terms of how to construct Type-1/2 HARQ-ACK codebook.

Above all, it is necessary to consider the case where the K1 field is “Shared-common” type in the multi-cell DCI and PDSCH transmission timing is different between scheduled cells. Specifically, to avoid complicated design of HARQ-ACK feedback in case with multi-cell PDSCH scheduling by single DCI, HARQ-ACK slot timing corresponding to multiple PDSCH receptions on the cells scheduled by a same multi-cell DCI needs to be aligned.

Proposal #8: Discuss how to align HARQ-ACK slot timing corresponding to multiple PDSCH receptions on the cells scheduled by a same multi-cell DCI.

· Type-1 codebook construction
Regarding Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, firstly, it may need to consider “SLIV pruning” procedure in current spec in case where the TDRA field is composed as “Shared-state-extension” type in the multi-cell DCI. For example, for a cell schedulable by the multi-cell DCI, the SLIV corresponding to the cell in each TDRA row (which consists of multiple SLIVs for multiple cells) needs to be participated in SLIV pruning for the cell.

Secondly, it may also need to consider determination of K1 set in case where the K1 field is “Shared-common” type and PDSCH transmission timing is different between scheduled cells. As proposed in above, HARQ-ACK slot corresponding to multiple PDSCHs on the cells scheduled by a same multi-cell DCI needs to be aligned (even for Type-2 codebook), and the K1 set used for Type-1 codebook construction in each scheduled cell needs to be determined with consideration of such HARQ-ACK timing alignment.

Proposal #9: Discuss how to construct Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of following two aspects.
· SLIV pruning procedure for the cell schedulable by the multi-cell DCI
· Determination of K1 set for the cell schedulable by the multi-cell DCI

· Type-2 codebook construction
Regarding Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, firstly, it may need to consider how to perform DAI counting, for example, per PDSCH (regardless of DCI type) or per DCI type (separately between multi-cell scheduling and single-cell scheduling). In order to largely reuse the design principle for Rel-17 multi-PDSCH scheduling, DAI counting per DCI type is to be baseline for Type-2 codebook construction with multi-cell PDSCH scheduling.

Secondly, considering DAI counting per DCI type, it may need to consider how to determine the number of HARQ-ACK bits allocated per DAI corresponding to multi-cell scheduling case, for example, based on combination of scheduling cells and the maximum TBs per cell (and the configuration of special bundling). In addition, it may also need to consider the ordering of HARQ-ACK bits within a DAI, for example, based on scheduled cell/TB index.

Proposal #10: Discuss how to construct Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of the following aspects.
· DAI counting (and corresponding sub-codebook construction) is performed separately between multi-cell scheduling case and single-cell scheduling case.
· Determination on the number of HARQ-ACK bits per DAI (and the ordering of HARQ-ACK bits within a DAI) for the multi-cell scheduling case needs to be considered.

5. Other aspects on multi-cell scheduling
On top of the above issues, some other aspects may also need to be considered for multi-cell scheduling. For an example, in case of multi-cell PDSCH scheduling, it may need to consider how to indicate TB disabling for the PDSCH. For another example, it may need to consider how to handle the case where a deactivated Scell (or dormant BWP) is included among the scheduled cells indicated by the multi-cell DCI. For another example, it may need to consider how to handle the out-of-order HARQ issue in case with the multi-cell DCI.

Proposal #11: Discuss some other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to indicate TB disabling for PDSCH
· How to handle scheduled but deactivated Scell
· How to handle the out-of-order HARQ issue

6. Conclusions
In this contribution, several aspects for multi-cell scheduling with a single DCI in Rel-18 were discussed, and the followings are proposed.

Proposal #1: Discuss how to indicate scheduled cell(s) via the multi-cell DCI, based on the following two options.
· Option 1: Based on CIF field only
· Different CIF values are configured between multi-cell scheduling case and single-cell scheduling case.
· Option 2: Based on 1-bit flag and CIF field
· The 1-bit flag indicates whether the DCI schedules multi-cell or single-cell, and the CIF field indicates multi-cell CIF value or single-cell CIF value according to the 1-bit flag.
Proposal #2: Discuss how to composite DCI fields in the multi-cell DCI, based on the following DCI composition types per DCI field.
  [Categorization of DCI field types]
· DCI field type 1: “Shared”
· Alt 1: Shared-common
The value indicated via one DCI field is commonly applied for all the scheduled cells/TBs.
· Alt 2: Shared-reference-cell
The value indicated via one DCI field is applied for only one of scheduled cells while a (pre-defined/configured) default value is applied for other scheduled cell.
· Alt 3: Shared-single-cell
The DCI field is present only if a single cell is scheduled by multi-cell DCI while the field is not present if multiple cells are scheduled by the multi-cell DCI.
· Alt 4: Shared-state-extension
Each DCI state (or code-point) to be indicated via one field corresponds to a combination of multiple values for multiple cells (unlike the legacy single-cell scheduling where each DCI state corresponds to only one value for single cell).
· DCI field type 2: “Separate”
· Alt A: Separate-reduced
A DCI has multiple separate fields corresponding to multiple scheduled cells/TBs, and the field size can be reduced compared to single-cell scheduling case considering DCI overhead.
· Alt B: Separate-delta
Full DCI information is indicated for only one of scheduled cells, and only delta value (relative to the full information) is indicated for other scheduled cell.
· DCI field type 3: “Omit”
· The field is omitted in a multi-cell DCI.
  [Composition of multi-cell DCI fields]
· Resource allocation fields
· FDRA field: Separate-reduced (or Shared-common in some cases)
· TDRA field: Separate-reduced (or Shared-state-extension)
· HARQ related fields
· MCS field: Separate-reduced (or Separate-delta in some cases) 
· NDI/RV field: Separate-reduced (or Shared-common for RV field)
· HARQ ID field: Separate-reduced (or Shared-common)
· MIMO related fields
· Antenna port field: Separate-reduced
· TCI field: Separate-reduced (or Shared-state-extension)
· SRI field: Separate-reduced (or Shared-state-extension)
· Precoding info & number of layers: Separate-reduced
· PTRS-DMRS association: Separate-reduced (or Shared-reference/single-cell)
· DMRS sequence initialization: Shared-common or Shared-reference/single-cell (or Omit)
· Other fields: Shared (or Omit)
· BWP indicator, VRB-to-PRB mapping, PRB bundling size, Rate matching indicator, ZP CSI-RS trigger, Type-3 codebook request, SRS request, CBGTI, CBGFI, Priority indicator, Minimum scheduling offset, SCell dormancy indication, UL/SUL indicator, FH flag, DAI, TPC, CSI request, Beta_offset indicator, UL-SCH indicator, LBT parameter field, OLPC parameter set indication, Invalid symbol pattern indicator
Proposal #3: Discuss how to limit DCI payload size of the multi-cell DCI, based on the following considerations.
· The maximum number of simultaneously scheduled cells is to be limited to X (e.g. X = 4).
· The maximum number of simultaneously scheduled TBs is to be limited to Y (e.g. Y = 4).
Proposal #4: Discuss how to support multi-cell scheduling and single-cell monitoring in case with the multi-cell DCI, based on the following three approaches. 
· Approach 1: The multi-cell DCI is allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 2: The multi-cell DCI is not allowed to perform single-cell scheduling for any of the cells schedulable by the multi-cell DCI.
· Approach 3: The multi-cell DCI is allowed to perform single-cell scheduling only for the scheduling cell (while not allowed for other cells).
Proposal #5: Discuss how to maintain the DCI size budget per cell in case with the multi-cell DCI, according to Approach 1/2/3. 
Proposal #6: Discuss how to configure the number of PDCCH candidates per AL for the multi-cell scheduling by single DCI, based on following three alternatives as a starting point.
· Alt 1: The number of PDCCH candidates per AL is configured for each scheduled cell schedulable by the multi-cell DCI.
· Alt 2: The number of PDCCH candidates per AL is configured for each combination of scheduled cells simultaneously schedulable by the multi-cell DCI.
· Alt 3: The number of PDCCH candidates per AL is configured for the multi-cell DCI itself without differentiating scheduled cells.
Proposal #7: Discuss how to determine the n_CI value for the multi-cell scheduling, based on the following three alternatives.
· Alt A: The n_CI value is determined as the CIF value configured for each scheduled cell schedulable by the multi-cell DCI (this could be associated with the Alt 1 for PDCCH candidate configuration).
· Alt B: The n_CI value is determined as the CIF value configured for each combination of scheduled cells schedulable by the multi-cell DCI (this could be associated with the Alt 2 for PDCCH candidate configuration).
· Alt C: The n_CI value is determined/configured for the multi-cell DCI itself (this could be associated with the Alt 3 for PDCCH candidate configuration).
Proposal #8: Discuss how to align HARQ-ACK slot timing corresponding to multiple PDSCH receptions on the cells scheduled by a same multi-cell DCI.
Proposal #9: Discuss how to construct Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of following two aspects.
· SLIV pruning procedure for the cell schedulable by the multi-cell DCI
· Determination of K1 set for the cell schedulable by the multi-cell DCI
Proposal #10: Discuss how to construct Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of the following aspects.
· DAI counting (and corresponding sub-codebook construction) is performed separately between multi-cell scheduling case and single-cell scheduling case.
· Determination on the number of HARQ-ACK bits per DAI (and the ordering of HARQ-ACK bits within a DAI) for the multi-cell scheduling case needs to be considered.
Proposal #11: Discuss some other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to indicate TB disabling for PDSCH
· How to handle scheduled but deactivated Scell
· How to handle the out-of-order HARQ issue
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