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Introduction
In this document, we provide our views on the remaining issues for multi-cell PUSCH/PDSCH scheduling with a single DCI.
Remaining issues for multi-cell scheduling
Minimum applicable scheduling offset indicator field
The RRC parameter minimumSchedulingOffsetK0DCI-0-3 and minimumSchedulingOffsetK0DCI-1-3 were defined in previous meetings to enable the inclusion of minimum applicable scheduling offset indicator field. But the type and bit size of this field, once configured, were not defined.
	Agreement
Inclusion of minimum applicable scheduling offset indicator in DCI format 0_X/1_X is configurable.


The RRC parameter minimumSchedulingOffsetK0 could be configured in PDCCH-Config for each BWP of one cell included in the set of cells for multi-cell scheduling. Type 1A could be defined for the minimum applicable scheduling offset indicator field for DCI format 1_3, using same indicated value and being interpreted based on the minimumSchedulingOffsetK0 for the scheduled BWPs for all co-scheduled cells. The number of values for minimum scheduling offset K0 is up to 2. It needs 1 bit at most to indicate the configured values. So the bit size of minimum applicable scheduling offset indicator field for DCI format 1_3 could be 1. Similar for the minimum applicable scheduling offset indicator field for DCI format 0_3, the field is defined as type A with 1 bit.
Proposal 1: The minimum applicable scheduling offset indicator field is defined as 1-bit Type 1A field. The corresponding TP for 38.212 is given as following.
	------------------------ for 38.212 ------------------------
7.3.1.1.4	Format 0_3
[bookmark: OLE_LINK28]-	Minimum applicable scheduling offset indicator – 0 or 1 bit 
-	0 bit if higher layer parameter minimumSchedulingOffsetK0DCI-0-3 is not configured;
-	x 1 bits otherwise. The 1 bit indication is used to determine the minimum applicable K2 for the active UL BWP and the minimum applicable K0 value for the active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable K0 is indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field shall be the same as the minimum applicable K0 value.
7.3.1.2.4	Format 1_3
-	Minimum applicable scheduling offset indicator – 0 or 1 bit 
-	0 bit if higher layer parameter minimumSchedulingOffsetK0DCI-1-3 is not configured;
-	x 1 bits otherwise. The 1 bit indication is used to determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable K0 is indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field shall be the same as the minimum applicable K0 value.
------------------------ for 38.212 ends ------------------------



SCell dormancy/de-activated
The RRC parameter dormancyDCI-0-3 and dormancyDCI-1-3 were defined in previous meetings to enable the inclusion of SCell dormancy indication field. This field is used as bitmap to inform the state for each DormancyGroupID. So reuse legacy bitmap size could be considered.
Proposal 2: SCell dormancy indication field is defined up to 5 bits. The corresponding 38.212 TP is as following.
	------------------------ for 38.212 ------------------------
7.3.1.1.4	Format 0_3
[bookmark: OLE_LINK60]-	SCell dormancy indication – 0 bit if higher layer parameter dormancyDCI-0-3 is not enabled; otherwise x 1, 2, 3, 4 or 5 bits 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.
7.3.1.1.4	Format 1_3
[bookmark: _Hlk146097133]-	SCell dormancy indication – 0 bit if higher layer parameter SCell-dormancy-indication-Present  dormancyDCI-1-3 is not enabled; otherwise x 1, 2, 3, 4 or 5 bits 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.
------------------------ for 38.212 ends ------------------------



If there is any cell in one set of cells for multi-cell scheduling configured as dormancy or de-activated, the cells which are not indicated as dormant could be scheduled. When the cell combination scheduled by DCI format 0_3/1_3 includes the dormant cell, UE could ignore the scheduling information in the DCI for the dormant cell. Meanwhile, the DCI size for DCI format 0_3/1_3 need to be maintained no matter there is dormant cell or not.
Proposal 3: When any cell in the set of co-scheduled cells is dormant, UE monitors DCI format 0_3/1_3 by assuming no dormant scheduled cell and ignores the scheduling for the dormant cell(s).
Reuse of invalid value for Type-1A field
[bookmark: _GoBack]The bit size of a Type-1A field, e.g. BWP indicator and Open-loop power control parameter set indication, is determined as the maximum field size among all cells in the set of cells. The code point indicated by DCI format 0_3/1_3 for the shared Type-1A field may exceed the maximum value for a scheduled cell whose corresponding field size is smaller than the determined field size. In this case, the code points would become unusable or invalid for specific cells. To overcome this issue, the following options can be considered.
· Option 1: Use modulo operation to get a valid code point. 
· Option 2: The invalid indicated value is ignored, and does not apply for the related cell. UE can assume no receiving for the related indication.
Take the BWP indicator for an example. Assume there are 3 cells configured in the set of cells, and the number of BWPs configured for each cell are 1 for cell #1, 2 for cell #2, and 3 for cell #3. In this case, the bit size of BWP indicator field is 2. The BWP indicator field could be “00, 01, 10, 11”, corresponding to BWP-Id = 0,1,2,3. And “10” and “11” are invalid for cell #1. “11” is invalid for cell #2. If use Option 1, “10” could modulo with 2 (total number of BWPs for cell #1) to get the valid BWP-Id for cell #1. So “10” for cell #1 indicates the BWP-Id = 0. By the similar way, “11” for cell #1 indicates the BWP-Id = 1. If use Option 2, “10” and “11” do not work for cell #1, and UE just ignore it for cell #1. The UE can assume not receiving the BWP indication and maintain the existing active BWP. For simplify, option 2 is preferred.
Proposal 4: If the indicated value of a Type-1A field exceeds the value range allowed by a co-scheduled cell, UE ignores the indicated value, and continues using the existing value, for the co-scheduled cell.
Restriction for scheduling cell configuration 
In RAN1 #110bis meeting, it was agreed that RAN1 supports monitoring legacy DCI formats and DCI format 0_3/1_3 from a same scheduling cell. Moreover, in RAN #97 meeting, it was further concluded that configuring more than one scheduling cell for each scheduled cell for multi-carrier scheduling in Rel-18.
	RAN1 #110bis Agreement
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
RAN #97 Conclusion:
· 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.


From the above agreement as well as conclusion, it can be easily derived that a scheduled cell cannot have more than one scheduling cells. However, this case was not explicitly excluded from the current TS 38.213. What’s more, since the legacy RRC parameter for configuring the scheduling relationship among cells, i.e. CrossCarrierSchedulingConfig, and the newly added RRC parameter for multi-cell scheduling, i.e. MC-DCI-SetofCells, are separately configured and there is no interaction or restriction between them, it is possible for gNB to configure one cell with one scheduling cell via CrossCarrierSchedulingConfig and another scheduling cell via MC-DCI-SetofCells, which would lead to a case against RANP/RAN1 logic. Therefore, we propose to include the scheduling cell restriction in TS 38.213 to avoid confusion.
Proposal 5: Include the following text in draft CR of TS38.213:
	------------------------ for 38.213 ------------------------
A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates for detection of DCI formats scheduling on that secondary cell in another serving cell. For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH candidates at least for the same serving cell. UE does not expect to be configured with more than one scheduling cell for a scheduled cell provided in MC-DCI-SetofCells.
------------------------ for 38.213 ends ------------------------



Maximum size of joint TDRA table
As of RAN1 #114 meeting, the different approaches for joint tables for Type-1B field are stable, except the maximum size of TDRA table that was not decided yet. 
	Proposed agreement 3.1 (stable)
· Single joint table is configured per set of cells for each of Type 1B fields other than TDRA (i.e., rateMatchListDCI-1-3, zp-CSI-RSListDCI-1-3, tci-ListDCI-1-3, srs-RequestListDCI-1-3, srs-OffsetListDCI-1-3, srs-RequestListDCI-0-3, srs-OffsetListDCI-0-3).
· Entries for each CC are interpreted based on the new/target BWPs per cell that is indicated by the BWP indicator field of DCI 0_3/1_3.
· Out-of-range indexes are avoided by gNB implementation.
· Single joint table is configured per set of cells for TDRA (i.e., TDRA-FieldIndexListDCI-1-3, TDRA-FieldIndexListDCI-0-3).
· Entries of the joint table for TDRA (i.e., TDRA-FieldIndexDCI-1-3) are configured for each BWP of each CC, i.e., the maximum size of TDRA-FieldIndexDCI-1-3 can be increased from 4 to [16].
· Columns of the indicated entry corresponding to the new/target BWPs per cell that is indicated by the BWP indicator field of DCI 0_3/1_3 are applied.



An entry of the joint TDRA table includes the TDRA information for all BWPs of all cells in the cell set. The maximum size of an entry can be 16, taking into account the maximum number of BWPs that can be configured for a cell and the maximum number of cells in a cell set. The maximum size of TDRA table for legacy DCI format is 16 without multi-slot scheduling. For the flexibility of multi-cell PDSCH/PUSCH scheduling, the size of the joint TDRA table for DCI format 0_3/1_3 could be extended, and 64 is a preferable value.
Proposal 6: The maximum size of an entry in TDRA table is 16.
Proposal 7: The maximum number of entries in a TDRA table for DCI format 0_3/1_3 is 64.
Conclusion
Proposal 1: The minimum applicable scheduling offset indicator field is defined as 1-bit Type 1A field. The corresponding TP for 38.212 is given as following.
	------------------------ for 38.212 ------------------------
7.3.1.1.4	Format 0_3
-	Minimum applicable scheduling offset indicator – 0 or 1 bit 
-	0 bit if higher layer parameter minimumSchedulingOffsetK0DCI-0-3 is not configured;
-	x 1 bits otherwise. The 1 bit indication is used to determine the minimum applicable K2 for the active UL BWP and the minimum applicable K0 value for the active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable K0 is indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field shall be the same as the minimum applicable K0 value.
7.3.1.2.4	Format 1_3
-	Minimum applicable scheduling offset indicator – 0 or 1 bit 
-	0 bit if higher layer parameter minimumSchedulingOffsetK0DCI-1-3 is not configured;
-	x 1 bits otherwise. The 1 bit indication is used to determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field, if configured respectively, according to Table 7.3.1.1.2-33. If the minimum applicable K0 is indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP of each scheduled cell indicated by Scheduled cells indicator field or Frequency domain resource assignment field shall be the same as the minimum applicable K0 value.
------------------------ for 38.212 ends ------------------------



Proposal 2: SCell dormancy indication field is defined up to 5 bits. The corresponding 38.212 TP is as following.
	------------------------ for 38.212 ------------------------
7.3.1.1.4	Format 0_3
-	SCell dormancy indication – 0 bit if higher layer parameter dormancyDCI-0-3 is not enabled; otherwise x 1, 2, 3, 4 or 5 bits 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.
7.3.1.1.4	Format 1_3
-	SCell dormancy indication – 0 bit if higher layer parameter SCell-dormancy-indication-Present  dormancyDCI-1-3 is not enabled; otherwise x 1, 2, 3, 4 or 5 bits 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. 
------------------------ for 38.212 ends ------------------------



Proposal 3: When any cell in the set of co-scheduled cells is dormant, UE monitors DCI format 0_3/1_3 by assuming no dormant scheduled cell and ignores the scheduling for the dormant cell(s).
Proposal 4: If the indicated value of a Type-1A field exceeds the value range allowed by a co-scheduled cell, UE ignores the indicated value, and continues using the existing value, for the co-scheduled cell.
Proposal 5: Include the following text in draft CR of TS38.213:
	------------------------ for 38.213 ------------------------
A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates for detection of DCI formats scheduling on that secondary cell in another serving cell. For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH candidates at least for the same serving cell. UE does not expect to be configured with more than one scheduling cell for a scheduled cell provided in MC-DCI-SetofCells.
------------------------ for 38.213 ends ------------------------



Proposal 6: The maximum size of an entry in TDRA table is 16.
Proposal 7: The maximum number of entries in a TDRA table for DCI format 0_3/1_3 is 64.
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