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Introduction
This contribution provides our considerations on the remaining issues of multi-cell PUSCH/PDSCH scheduling with a single DCI.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Scenarios and basic framework 
Rel-18 DWS
DCI format 0_3/1_3 or multi-cell scheduling has already support some Rel-16/17 features, including power saving (minimum applicable offset), URLLC (HARQ-ACK codebook retransmission), CA/DC (dormancy), etc. And it also excludes some features, for example PUSCH repetition type B. However, there are still some features are open to be decided. 
Rel-18 Dynamic waveform switching introduces a Transform precoder indicator field in DCI format 0_1/0_2. There were diverse views during last meeting, including:
· Whether or not there is use cases to support multi-cell scheduling and UL coverage. 
· If DWS is supported by DCI 0_3, 
· The field is Type1A or Type 2, or configurable between them.
· [bookmark: OLE_LINK4]RRC parameter dynamicTransformPrecoderIndicationDCI-0-3 configures the presence of this field, is it per set of cell or per cell configuration.
[bookmark: OLE_LINK19]According to DWS, we think it can be included in DCI format 0_3 to support multi-cell waveform switching. This field type can be Type-1A, to apply common waveform information to every co-scheduled cells to indicate CP-OFDM or DFT-s-OFDM for the PUSCH scheduled by this DCI. RRC parameter dynamicTransformPrecoderIndicationDCI-0-3 configures the presence of this field per set of cell. This field is applied to all the co-scheduled cells for which dynamicTransformPrecoderIndicationDCI-0-1 is configured to ‘enabled’. 
Proposal 1. Inclusion of Transform precoder indicator field in DCI format 3_0 can be configured per set of cell.
· If configured, Transform precoder indicator field type is Type-1A, 1bit. 
· This field is applied to all the co-scheduled cells for which dynamicTransformPrecoderIndicationDCI-0-1 is configured to ‘enabled’
Search space, BD/CCE counting and DCI size for DCI 0_X/1_X
Reference cell
Same reference cell for DCI format 1_3 and 0_3
Form the agreement, separate search space sets for DCI format 0_X and 1_X can be independently configured, and reference cell of DCI format 0_3 or 1_3 may be different according to the search space configuration. For example, the search space ID of DCI format 0_3 is provided on cell 1, but search space ID of DCI format 1_3 is provided on cell 2. 
	Agreement (RAN1#111):
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells….

Agreement
· Separate search space sets for DCI format 0_X/1_X and legacy DCI formats are independently configured
· [bookmark: OLE_LINK32][bookmark: OLE_LINK36]Separate search space sets for DCI format 0_X and 1_X can be independently configured

	[bookmark: OLE_LINK37]38213 10.1	UE procedure for determining physical downlink control channel assignment
If the UE monitors PDCCH candidates for detection of one or both of DCI format 0_3 and DCI format 1_3 for scheduling on serving cells from a set of serving cells, the serving cell for counting the size of one or both DCI format 0_3 and DCI format 1_3, respectively, is 
-	the scheduling cell, if the scheduling cell is included in the set of serving cells and the UE is provided search space sets for the PDCCH candidates only on the scheduling cell
-	a serving cell from the set of serving cells, if search space sets with same searchSpaceId for one or both of DCI format 0_3 and DCI format 1_3, respectively, are provided on the serving cell and on the scheduling cell.



And the restriction can be added in 38213. 
[bookmark: OLE_LINK71]TP#1: 
	38213 10.1	UE procedure for determining physical downlink control channel assignment
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]If the UE monitors PDCCH candidates for detection of one or both of DCI format 0_3 and DCI format 1_3 for scheduling on serving cells from a set of serving cells, the serving cell for counting the size of one or both DCI format 0_3 and DCI format 1_3, respectively, is 
-	the scheduling cell, if the scheduling cell is included in the set of serving cells and the UE is provided search space sets for the PDCCH candidates only on the scheduling cell
[bookmark: OLE_LINK38]-	a serving cell from the set of serving cells, if search space sets with same searchSpaceId for one or both of DCI format 0_3 and DCI format 1_3, respectively, are provided on the serving cell and on the scheduling cell. 
[bookmark: OLE_LINK43]-	If both of DCI format 0_3 and DCI format 1_3 are configured, UE expects the same serving cell counting the size of DCI format 0_3 and DCI format 1_3.



Proposal 2. A same reference cell is for both of DCI format 0_3 and 1_3, If the UE monitors PDCCH candidates for detection two of them. 
DCI design
Dormancy indication
[bookmark: OLE_LINK29][bookmark: OLE_LINK41][bookmark: OLE_LINK42]SCell dormancy indication field was agreed to be supported in DCI format 0_3/1_3 and it is only present when this format is carried by PDCCH on the primary cell, but only captured in 38.212. 38.213 should also capture it in the following section.
Proposal 3. [bookmark: OLE_LINK64]Capture SCell dormancy indication case 1 description in 38.213 for DCI format 0_3/1_3.
TP#2
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
[bookmark: OLE_LINK31]If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format/ 1_1/0_3/1_3 and if one or both of DCI format 0_1/1_1/0_3/1_3 0_1 and DCI format 1_1 include a SCell dormancy indication field, 
-	the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells, provided by dormancyGroupWithinActiveTime, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured Scells
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]-	if the UE detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0, and if the DCI format 0_1 does not indicate UL grant Type 2 release nor deactivate semi-persistent CSI report(s) on PUSCH, or if the DCI format 1_1 does not indicate SPS PDSCH release, or detects a DCI format 0_3 or DCI format 1_3
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for each activated SCell in the corresponding group of configured SCells, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP



[bookmark: OLE_LINK48][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Second issue for Case 1 and Case 2 dormancy is when multiple set of cells are configured to be scheduled by primary cell, only the DCI according to the set including primary cell can be with the SCell dormancy indication, or all of them can have it. To simplify, it can be clarified as only the DCI according to the set of cells including primary cell can be with the SCell dormancy indication. The reason is the set of cells including primary cell is more like the CIF = 0 restriction of DCI 0_1/1_1, which is only allowed self-scheduling PDCCH on PCell can contain this field, since it can avoid the case that SCell is indicated as Dormancy DL BWP but meanwhile with data scheduling.
Proposal 4. Only DCI format 0_3/1_3 according to the set of cells including primary cell can indicate SCell dormancy, for both Case 1 and Case 2.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Third issue is whether or not the DCI format 0_3/1_3 on primary cell for a set of cells can include the scheduling for SCells, there are two alternatives. It need to clarify which understanding is correct. 
· Alt 1: DCI format 0_3/1_3 can only schedule primary cell. 
· Alt 2: DCI format 0_3/1_3 can schedule any cell in the set, and clarify UE does not expect dormancy DL BWP to be indicated as active BWP and with scheduling.  
Proposal 5. Clarify the scheduling possibility of DCI format 0_3/1_3 on primary cell for a set of cell is 
· [bookmark: OLE_LINK69]Alt 1: DCI format 0_3/1_3 can only schedule primary cell. 
· Alt 2: DCI format 0_3/1_3 can schedule any cell in the set, and clarify UE does not expect dormancy DL BWP to be indicated as active BWP and with scheduling.  

[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Fourth issue is how to support case 2. The following proposal was made during last meeting. The legacy fields combination can provide a bitmap which is composed of MCS (5), NDI (1), RV(2), HARQ process number(4), Antenna port(s) (at least 4), DMRS sequence initialization. So the bitmap can up to 17 bits. Each bit in the bitmap corresponds to a SCell, from lowest to highest SCell index. But the proposal can only provide 12 bits if Antenna port(s) configured as Type-1A. So a comprised solution is only when the length of bitmap concentrated by the following fields are equal to or larger than the number of configured SCells, case 2 can be supported. Otherwise, it cannot be used. 
	[bookmark: _Hlk149736118]Proposal 3-6:
· 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 
· [bookmark: OLE_LINK61]Antenna port(s) if configured as Type-2
· Note: Cells with valid FDRA fields are scheduled.



Proposal 6. 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 if concentrated length of below fields are larger than the number of configured SCells;
· 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.

DCI format 1_3/0_3
Issues for Type-1A fields
[bookmark: OLE_LINK54][bookmark: OLE_LINK81][bookmark: OLE_LINK82]When the bit length of a scheduled cell is less than the Type-1A field length in the DCI 1_3/0_3, BWP field can use corresponding LSB bits to a scheduled cell. It can be ignored if the invalid value is indicated. So we support the following proposal with some editorial change. 
	Proposal 3-5rev1:
· For a cell scheduled by DCI format 0_3/1_3, if the size of BWP indicator in DCI format 0_3/1_3 is larger than the one required for the Type-1A field for the cell, a number of LSBs of the BWP indicator which is equal to the one required for the cell is used.
· UE neglects the BWP indicator for the cell if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for the cell.


[bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75]
[bookmark: OLE_LINK80][bookmark: OLE_LINK83][bookmark: OLE_LINK79]Same principle applies to ChannelAccess-Cpext, ChannelAccess-CPext-CAPC, and open-loop power control parameter set indication, they can also use corresponding LSB bits to a scheduled cell.
Proposal 7. For a cell scheduled by DCI format 0_3/1_3, if the size of BWP indicator in DCI format 0_3/1_3 is larger than the one required for the Type-1A field for the cell, a number of LSBs of the BWP indicator which is equal to the one required for the cell is used.
· UE neglects the BWP indicator for the cell if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for the cell, keep the current active BWP unchanged.

For ChannelAccess-Cpext, ChannelAccess-CPext-CAPC, and open-loop power control parameter set indication, those fields can use corresponding LSB bits to a scheduled cell. UE does not expect invalid codepoint indicated in DCI.
Proposal 8. For ChannelAccess-Cpext, ChannelAccess-CPext-CAPC, and open-loop power control parameter set indication, those fields can use corresponding LSB bits to a scheduled cell. UE does not expect invalid codepoint indicated in DCI.
For the DCI fields which can be configured between Type-1A and Type-2, including the following fields, they are expected to use same configuration and same table for them. So UE expect equal size of each field applied to each co-scheduled cell.   
· SRS resource indicator (when configured as Type-1A)
· Precoding information and number of layers (when configured as Type-1A)
· Antenna ports (when configured as Type-1A)
Proposal 9. For the DCI fields which can be configured between Type-1A and Type-2, they are expected to use same size of field for each co-scheduled cell. 

[bookmark: OLE_LINK44][bookmark: OLE_LINK47]DCI fields size if SCell in dormant DL BWP or deactivated
As some companies discussed in previous meeting, how to decide the fields size of DCI format 0_3/1_3 if there is at least one SCell is in the dormant DL BWP or deactivated. We support the following proposal suggested by FL. 
	Proposal 2-3rev1:
· 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 sizes of fields in 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 sizes of fields in 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 sizes of fields in DCI format 0_3 according to the UL BWP provided by firstActiveUplinkBWP-Id. 



Proposal 10. [bookmark: OLE_LINK84]Support proposal 2-3rev1.
· 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 sizes of fields in 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 sizes of fields in 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 sizes of fields in DCI format 0_3 according to the UL BWP provided by firstActiveUplinkBWP-Id.
[bookmark: _GoBack]UE PDSCH reception preparation time
[bookmark: _Toc29673197][bookmark: _Toc29673338][bookmark: _Toc29674331][bookmark: _Toc36645561][bookmark: _Toc45810606][bookmark: _Toc114223855]In current spec, if cross carrier scheduling is configured, there is a restriction of UE PDSCH reception preparation time with different subcarrier spacings for PDCCH and PDSCH. The reason is to simply UE’s implementation, including UE buffer operation, especially when PDCCH is with smaller SCS than PDSCH, there would be times buffer size increasing if no such PDSCH reception preparation time. 
Actually, there is similar requirements for cross carrier scheduling and multi-cell scheduling when considering different SCS of PDCCH and PDSCHs. So we suggest to reuse the current PDSCH reception preparation time as below for multi-cell scheduling too, also to simplify UE implementation. A simply change can be made to the title of clause 5.5 of 38.214 to include multi-cell scheduling.  
TP# 38.214
	[bookmark: OLE_LINK30]5.5 UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
If the µPDCCH < µPDSCH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH allocation, including the DM-RS, as defined by the slot offset K0 and the start and length indicator SLIV of the scheduling DCI starts no earlier than the first symbol of the slot of the PDSCH reception starting at least Npdsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.
If the µPDCCH > µPDSCH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH allocation, including the DM-RS, as defined by the slot offset K0 and the start and length indicator SLIV of the scheduling DCI starts no earlier than Npdsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.



Proposal 11. UE PDSCH reception preparation time of cross carrier scheduling with different SCS for PDCCH and PDSCH is also applied to multi-cell scheduling.
Conclusion
In this contribution, we made the following observation and proposals.
1. Inclusion of Transform precoder indicator field in DCI format 3_0 can be configured per set of cell.
· If configured, Transform precoder indicator field type is Type-1A, 1bit. 
· This field is applied to all the co-scheduled cells for which dynamicTransformPrecoderIndicationDCI-0-1 is configured to ‘enabled’
1. A same reference cell is for both of DCI format 0_3 and 1_3, If the UE monitors PDCCH candidates for detection two of them. 
1. Capture SCell dormancy indication case 1 description in 38.213 for DCI format 0_3/1_3.
1. Only DCI format 0_3/1_3 according to the set of cells including primary cell can indicate SCell dormancy, for both Case 1 and Case 2.
1. Clarify the scheduling possibility of DCI format 0_3/1_3 on primary cell for a set of cell is 
· Alt 1: DCI format 0_3/1_3 can only schedule primary cell. 
· Alt 2: DCI format 0_3/1_3 can schedule any cell in the set, and clarify UE does not expect dormancy DL BWP to be indicated as active BWP and with scheduling.  
1. 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 if concentrated length of below fields are larger than the number of configured SCells;
· 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.
1. For a cell scheduled by DCI format 0_3/1_3, if the size of BWP indicator in DCI format 0_3/1_3 is larger than the one required for the Type-1A field for the cell, a number of LSBs of the BWP indicator which is equal to the one required for the cell is used.
· UE neglects the BWP indicator for the cell if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for the cell, keep the current active BWP unchanged.
1. For ChannelAccess-Cpext, ChannelAccess-CPext-CAPC, and open-loop power control parameter set indication, those fields can use corresponding LSB bits to a scheduled cell. UE does not expect invalid codepoint indicated in DCI.
1. For the DCI fields which can be configured between Type-1A and Type-2, they are expected to use same size of field for each co-scheduled cell. 
Proposal 21. Support proposal 2-3rev1.
· 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 sizes of fields in 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 sizes of fields in 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 sizes of fields in DCI format 0_3 according to the UL BWP provided by firstActiveUplinkBWP-Id.
1. UE PDSCH reception preparation time of cross carrier scheduling with different SCS for PDCCH and PDSCH is also applied to multi-cell scheduling.
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