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1      Introduction
The last RAN1 meeting began the discussion on the maintenance of multi-cell PUSCH/PDSCH scheduling with a single DCI [1]. This contribution discusses some of the remaining issues regarding the multi-cell PUSCH/PDSCH scheduling with a single DCI objective in Rel-18 multi-carrier enhancements.
2      Discussion
2.1     Simultaneous support of Rel-18/Rel-17 coverage enhancement and multi-cell scheduling
For Rel-18 multi-cell scheduling using DCI format 0_3, it needs to be discussed whether the multi-cell scheduling DCI can have dynamic waveform switching indicator. Since dynamic waveform switching can be used to improve coverage for UEs operating CA, inclusion of dynamic waveform switching indicator in DCI format 0_3 can be configurable per set of cells. For a cell within the set of cells to be co-scheduled, if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is not configured as ‘enabled’, the dynamic waveform switching indicator does not apply. In our view, constrain all the co-scheduled cells to have the same waveform is too restrictive especially for inter band CA. Field Type-2 should be supported for the dynamic waveform switching indicator at least in configurable manner between Type-1A and Type-2.
Proposal 1: Inclusion of dynamic waveform switching indicator in DCI format 0_3 is configurable per set of cells to be co-scheduled.
· The field type can be configurable between Type-1A and Type-2.

· The field is applied to the cells for which dynamicTransformPrecoderIndicationDCI-0-1 is configured to ‘enabled’.
Clarification for DMRS sequence initialization field size of DCI format 0_3 was also discussed in previous meeting. The 0 bit case exists when transform precoder is enabled for all the cells in a set of cells and the transform precoder indicator field is not present, thus clarification is necessary. The 1-bit DMRS sequence initialization field is only applicable to the cells for which transform precoding is not enabled.
Proposal 2: Clarify the size of DMRS sequence initialization field in DCI format 0_3 is 1 bit if at least one cell in the set of cells is configured with disabled transform precoder by higher layers or Transform precoder indicator field is present, 0 bit otherwise. And the field is applied to all the scheduled cells for which transform precoding is disabled.
The support for the combination of Rel-17 coverage enhancement and multi-cell scheduling is also to be discussed in this WI. From our perspective, the use case is meaningful for coverage limited UEs to efficiently utilize the scattered multiple spectrum to improve data rate. The impact to DCI format 0_3 for the support of TBoMS, Available Slot counting, DM-RS bundling is considered to be quite limited. Thus the feature combination could be supported.
Proposal 3: The combination of DCI format 0_3 and Rel-17 PUSCH coverage enhancements (TBoMS, Available Slot counting, DM-RS bundling) is supported in Rel-18.
2.2     DCI size in case of SCell dormancy or deactivation
The last meeting had discussed the UE behavior when the scheduling cell, the reference cell, or any cell within the set of cells is indicated as dormant or deactivated. If a cell within the set of cells configured by MC-DCI-SetofCells is indicated dormant or deactivated, which BWP of the cell should be referred for DCI format 0_3/1_3 size determination needs decision.
For a UE configured with scheduling on the primary cell from an SCell, the size determination for DCI format 0_1/0_2/1_1/1_2 when the SCell is deactivated or dormant is specified in current specification as following:
	-
If the SCell is deactivated and firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the number of information bits in DCI format 0_1 carried by PDCCH on the primary cell based on a DL BWP provided by firstActiveDownlinkBWP-Id for the SCell. If the active DL BWP of the SCell is a dormant DL BWP, or if the SCell is deactivated and firstActiveDownlinkBWP-Id is set to dormant BWP, the UE determines the number of information bits in DCI format 0_1 carried by PDCCH on the primary cell based on a DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; otherwise, based on a DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell.…
-
If the SCell is deactivated and firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the number of information bits in DCI format 0_2 carried by PDCCH on the primary cell based on a DL BWP provided by firstActiveDownlinkBWP-Id for the SCell. If the active DL BWP of the SCell is a dormant DL BWP, or if the SCell is deactivated and firstActiveDownlinkBWP-Id is set to dormant BWP, the UE determines the number of information bits in DCI format 0_2 carried by PDCCH on the primary cell based on a DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; otherwise, based on a DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell.…
-
If the SCell is deactivated and firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the number of information bits in DCI format 1_1 carried by PDCCH on the primary cell based on a DL BWP provided by firstActiveDownlinkBWP-Id for the SCell. If the active DL BWP of the SCell is a dormant DL BWP, or if the SCell is deactivated and firstActiveDownlinkBWP-Id is set to dormant BWP, the UE determines the number of information bits in DCI format 1_1 carried by PDCCH on the primary cell based on a DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; otherwise, based on a DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell. …
-
If the SCell is deactivated and firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the number of information bits in DCI format 1_2 carried by PDCCH on the primary cell based on a DL BWP provided by firstActiveDownlinkBWP-Id for the SCell. If the active DL BWP of the SCell is a dormant DL BWP, or if the SCell is deactivated and firstActiveDownlinkBWP-Id is set to dormant BWP, the UE determines the number of information bits in DCI format 1_2 carried by PDCCH on the primary cell based on a DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; otherwise, based on a DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell. …


The similar approach can be also used for DCI format 0_3/1_3.
Proposal 4: For a UE configured with a set of cells by MC-DCI-SetofCells,
· If an SCell within the set of cells is deactivated and its firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the size of DCI format 1_3 according to the DL BWP provided by firstActiveDownlinkBWP-Id.

· If an SCell within the set of cells is dormant, or if an SCell within the set of cells is deactivated and its firstActiveDownlinkBWP-Id is set to dormant BWP, 

· the UE determines the size of DCI format 1_3 according to the DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; 

· otherwise, according to the DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell.

· If an SCell within the set of cells is deactivated, the UE determines the size of DCI format 0_3 according to the UL BWP provided by firstActiveUplinkBWP-Id. 
2.3     Case 2 SCell dormancy indication
For the supported way for SCell dormancy indication, the last meeting had the following agreements:

	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.


The TP for TS38.212 on SCell dormancy indication Case 1 was agreed, however the detail for SCell dormancy indication Case 2 is to be further discussed. Below is the feature leader proposal to be discussed in this meeting.
	· If one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, SCell dormancy indication can be provided by a DCI format 1_3 on PCell by repurposing below fields corresponding to a cell with smallest cell index with invalid FDRA values;

· 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

· Note: Cells with valid FDRA fields are scheduled.


Based on the above proposal, gNB can choose a not scheduled cell setting invalid FDRA and using the listed fields for SCell dormancy indication. The cells that have smaller cell index than the chosen cell should be scheduled with valid FDRA. There is partial co-scheduling flexibility when indicating SCell dormancy. When the higher layer parameter ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured, setting invalid FDRA for a cell in the combination indicated by scheduled cells indicator field means the DCI is also for SCell dormancy indication. When ScheduledCellCombo-ListDCI-1-3 is not configured, invalid FDRA has other usage as indication of the corresponding cell is not scheduled. When not all the cells in the set are scheduled by gNB, since the UE would also take the DCI with invalid FDRA as SCell dormancy indication if one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, gNB should also set the listed fields to a certain value if not want to change the dormancy BWP state.
Another issue is the handling for case when the bit size of the listed fields is smaller than the number of activated SCells in corresponding group of configured SCells. gNB has the flexibility for the configuration. If the mismatch happens, the large indexed Scells without the mapped bits can’t be indicated.
Proposal 5: For SCell dormancy indication Case 2, if one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, SCell dormancy indication can be provided by a DCI format 1_3 on PCell by repurposing below fields corresponding to a cell with smallest cell index with invalid FDRA values:
· 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
3      Conclusion
In this contribution, we discuss some of the remaining issues for multi-cell PUSCH/PDSCH scheduling with a single DCI. Based on the discussion, we have following proposals:
Proposal 1: Inclusion of dynamic waveform switching indicator in DCI format 0_3 is configurable per set of cells to be co-scheduled.

· The field type can be configurable between Type-1A and Type-2.

· The field is applied to the cells for which dynamicTransformPrecoderIndicationDCI-0-1 is configured to ‘enabled’.
Proposal 2: Clarify the size of DMRS sequence initialization field in DCI format 0_3 is 1 bit if at least one cell in the set of cells is configured with disabled transform precoder by higher layers or Transform precoder indicator field is present, 0 bit otherwise. And the field is applied to all the scheduled cells for which transform precoding is disabled.
Proposal 3: The combination of DCI format 0_3 and Rel-17 PUSCH coverage enhancements (TBoMS, Available Slot counting, DM-RS bundling) is supported in Rel-18.

Proposal 4: For a UE configured with a set of cells by MC-DCI-SetofCells,

· If an SCell within the set of cells is deactivated and its firstActiveDownlinkBWP-Id is not set to dormant BWP, the UE determines the size of DCI format 1_3 according to the DL BWP provided by firstActiveDownlinkBWP-Id.

· If an SCell within the set of cells is dormant, or if an SCell within the set of cells is deactivated and its firstActiveDownlinkBWP-Id is set to dormant BWP, 

· the UE determines the size of DCI format 1_3 according to the DL BWP provided by firstWithinActiveTimeBWP-Id for the SCell if provided; 

· otherwise, according to the DL BWP provided by firstOutsideActiveTimeBWP-Id for the SCell.

· If an SCell within the set of cells is deactivated, the UE determines the size of DCI format 0_3 according to the UL BWP provided by firstActiveUplinkBWP-Id. 

Proposal 5: For SCell dormancy indication Case 2, if one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, SCell dormancy indication can be provided by a DCI format 1_3 on PCell by repurposing below fields corresponding to a cell with smallest cell index with invalid FDRA values:

· 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
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