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Introduction
[bookmark: _Hlk58595024]In this contribution, we provide our views on the remaining aspects for multi-cell scheduling via single DCI format for multi-carrier enhancements in NR Rel-18.
Discussion
Joint support of dynamic waveform switching with DCI format 0_3
In RAN1#114bis, based on the recommendation of chairman, the discussion related to joint support of dynamic waveform switching with DCI format 0_3 is handled under this agenda item. In our view, the benefit of introducing dynamic waveform switching has been well studied under the UL coverage enhancement and is therefore should not be rediscussed here. In our view, same benefits are applicable for multi-carrier operation as well. Therefore, we think it is only natural to support DWS via DCI format 0_3 for multi-cell PUSCH scheduling in Rel-18.

Proposal 1: Dynamic waveform switching field is introduced in DCI format 0_3 to allow multi-cell scheduling jointly with DWS for PUSCH coverage enhancement

Furthermore, there are multiple aspects that will need to be specified for supporting DWS with DCI format 0_3. First and foremost is when should the DWS field ben present in DCI format 0_3. Following two options can be considered depending on how much flexibility is envisioned:
· Option 1: field is present in DCI format 0_3 only if all the cells within a set have this field enabled in their respective RRC configuration
· Option 2: field can be present in DCI format 0_3, if at least one of the cells within the set have this field enabled via RRC configuration

Proposal 2: To determine whether DWS is present (if agreed to be supported) in DCI format 0_3, one of the following options can be adopted:
·  Option 1: field is present in DCI format 0_3 only if all the cells within a set have this field enabled in their respective RRC configuration
· Option 2: field can be present in DCI format 0_3, if at least one of the cells within the set have this field enabled via RRC configuration

Second aspect is what is the field type for DWS when present in DCI format 0_3. In our view, the most flexible option is to have type 2 for DWS field. However, this would mean that up to 4 bits are dedicated for the DWS field. This may not be desirable considering that large overhead is already an issue for DCI format 0_3. Another possibility is to have it either as type 1A or type 1B. In our view, type 1A is least flexible and is not desired. Therefore type 1B could be a reasonable option for DWS field. However, another possibility could be to have this field configurable as either type 1B or type 2. This could be done without having explicit RRC configuration, but rather relying on number of cells for which the presence of DWS field is enabled. For example, if the presence is configured for up to 2 cells within the set, then the field can be type 2, otherwise the field is type 1B.

Proposal 3: One of the following options can be adopted to determine the field type for DWS field in DCI format 0_3
· Option 1: Fix it as type 1B
· Option 2: Configurable as type 1B or type 2
· Option 2-2: Explicit RRC configuration
· Option 2-2: Implicit configuration based on number of cells for which the field is configured as present via RRC

Last aspect is how the interpret the field for a cell for which the DWS presence is not configured via RRC. However, this issue will happen only if we adopt option 2 from proposal 1. In this case, simple solution will be to ignore the indication for those cells for which RRC configuration did not configure DWS field present in DCI format 0_3.

Proposal 4: If we adopt the option to include the DWS field in DCI format 0_3, if at least one cell within the set has the field presence configured via RRC, then the DWS field value if ignored for those cells for which the RRC did not configure the presence of the field

SCell dormancy indication via repurposing other fields
In RAN1#114bis [1], following agreements related to SCell dormancy indication have been made:

Agreement
Below TP on TS38.212-i00 is adopted.
· Reason for change: RAN1 has agreed that inclusion of SCell dormancy indication is supported in DCI format 0_3/1_3 and this field is already captured in 38.212-i00. However, the bit size is not defined. 
· Summary of change: Add the clarification on the bit size of this field in Section 7.3.1.14 in TS38.212. 
	7.3.1.1.4	Format 0_3
<omitted text>
-	SCell dormancy indication – 0 bit if higher layer parameter dormancyDCI-0-3 or dormancyGroupWithinActiveTime is not enabledconfigured; otherwise x bits 1, 2, 3, 4, or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
<omitted text>
7.3.1.2.4	Format 1_3
<omitted text>
-	SCell dormancy indication – 0 bit if higher layer parameter SCell-dormancy-indication-Present dormancyDCI-1-3 or dormancyGroupWithinActiveTime is not enabledconfigured; otherwise x bits. 1, 2, 3, 4, or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
<omitted text>


· Consequence if not approved: Bit size of this field is not defined in TS38.212.



Agreement
For MC-DCI, SCell dormancy indication Case 1 (for both DCI format 0-3 and 1-3) and Case 2 (only for DCI format 1-3) are supported.

For case 2, on exactly how other fields are repurposed is still under consideration. For case 2, following bitfields are considered to be repurposed to indicate the SCell index for dormancy:
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if configured as Type-2

With above, the main issue is that antenna port field can be configured as type-1A in which case it cannot be used for SCell indication. As a result, the above bitfields may not be enough to indicate the sufficient number of SCells for dormancy. Therefore, in order to handle this issue, one of the two options can be considered:
· Option 1: If UE is not configured with antenna port indication field as type 2, then UE is expected to receive SCell dormancy indication only up to the number of SCells that can be indicated by the available number of bits of all the repurposed fields, or alternatively, the higher indexed SCell beyond the available bit count cannot be indicated dormant via this method
· Option 2: If UE is not configured with antenna port indication field as type 2, then UE maybe configured with multiple subsets of SCells and each set associated with an index, where the MSB “N” bits from the concatenated fields are used to indicate one of the sets  and the remaining LSB bits indicate the SCell dormancy for which the remaining bits from the concatenated fields are used to indicate dormancy for each of the cell within the indicate subset

In the above two options, option 1 simple and straightforward solution and following the legacy repurposing method. However, one shortcoming is that it may not be sufficient to cover the cases when number of SCells are more than the available bits. Therefore, there is no way the higher indexed SCells can be indicated dormant. From this point of view, option 1 is restrictive. On the contrary, option 2 provides the required flexibility, although with a slightly different mechanism as compared to legacy. In option 2, part of available bits, indicate a subset of SCells  and the other remaining part of the available bits indicate SCell dormancy within the indicated set. 

Proposal 5: For MC-DCI, SCell dormancy indication Case 2 (only for DCI format 1-3), one of the following options is supported:
· Option 1: If UE is not configured with antenna port indication field as type 2, then UE is expected to receive SCell dormancy indication only up to the number of SCells that can be indicated by the available number of bits of all the repurposed fields, or alternatively, the higher indexed SCell beyond the available bit count cannot be indicated dormant via this method
· Option 2: If UE is not configured with antenna port indication field as type 2, then UE maybe configured with multiple subsets of SCells and each set associated with an index, where the MSB “N” bits from the concatenated fields are used to indicate one of the sets  and the remaining LSB bits indicate the SCell dormancy for which the remaining bits from the concatenated fields are used to indicate dormancy for each of the cell within the indicate subset



Default Index for DMRS antenna port indication as Type1A field
In RAN1#111, it is agreed that DMRS antenna port indication field can either be configured as Type 1A field or Type 2 field [1]. Furthermore, in RAN1#112, following agreement has been made [2]:

Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.

With Type 1A field type for DMRS antenna port indication, there is going be an issue in cases when the indicated index by single bitfield is not available in all of the DMRS tables corresponding to each of the co-scheduled cells. For example, if for the first co-scheduled cell, DMRS table for DMRS type 1 and max_length = 1 is configured, while for the second co-scheduled cell, DMRS table for DMRS type 1 and max_length = 2 is configured, then index from 0-15 can be used for first cell and index 0-31 can be used for second cell. However, since only single index is used for both cells, therefore, if any index greater than 15 is indicated, then it is not clear on what index to use for first cell. In our view, one possibility to solve this issue is to configure a default index for DMRS antenna port indication table when the indicated entry by DCI format 0_X/1_X is not valid for one or more of co-scheduled cells. 

Proposal 6: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell


Conclusion
In this contribution, we have discussed our views on remaining issues for multi-cell scheduling in NR Rel-18:

Proposal 1: Dynamic waveform switching field is introduced in DCI format 0_3 to allow multi-cell scheduling jointly with DWS for PUSCH coverage enhancement

Proposal 2: To determine whether DWS is present (if agreed to be supported) in DCI format 0_3, one of the following options can be adopted:
·  Option 1: field is present in DCI format 0_3 only if all the cells within a set have this field enabled in their respective RRC configuration
· Option 2: field can be present in DCI format 0_3, if at least one of the cells within the set have this field enabled via RRC configuration

Proposal 3: One of the following options can be adopted to determine the field type for DWS field in DCI format 0_3
· Option 1: Fix it as type 1B
· Option 2: Configurable as type 1B or type 2
· Option 2-2: Explicit RRC configuration
· Option 2-2: Implicit configuration based on number of cells for which the field is configured as present via RRC

Proposal 4: If we adopt the option to include the DWS field in DCI format 0_3, if at least one cell within the set has the field presence configured via RRC, then the DWS field value if ignored for those cells for which the RRC did not configure the presence of the field

Proposal 5: For MC-DCI, SCell dormancy indication Case 2 (only for DCI format 1-3), one of the following options is supported:
· Option 1: If UE is not configured with antenna port indication field as type 2, then UE is expected to receive SCell dormancy indication only up to the number of SCells that can be indicated by the available number of bits of all the repurposed fields, or alternatively, the higher indexed SCell beyond the available bit count cannot be indicated dormant via this method
· Option 2: If UE is not configured with antenna port indication field as type 2, then UE maybe configured with multiple subsets of SCells and each set associated with an index, where the MSB “N” bits from the concatenated fields are used to indicate one of the sets  and the remaining LSB bits indicate the SCell dormancy for which the remaining bits from the concatenated fields are used to indicate dormancy for each of the cell within the indicate subset


Proposal 6: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell
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