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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on the remaining open issues of multi-cell scheduling via a single DCI in Rel-18 Multi-carrier enhancements.
In RAN1#112 meeting, the entire WI R18 multi-carrier enhancement including both multi-cell PUSCH/PDSCH scheduling with a single DCI and UL Tx switching has been formally completed. In RAN1#115 meeting, based on the contributions on remaining issues and TPs provided from companies, RAN1 has reached agreements on several open issues, e.g., field size determination of DCI format 0_3/1_3 for a deactivated or dormant SCell, resource allocation type 2 for PUSCH scheduled by DCI format 0_3, common table configuration for antenna port/TPMI/SRI in DCI format 1_3/0_3, per SCell dormancy indication via DCI format 1_3, BWP indicator application, and Type-2 HARQ-ACK codebook determination. The relevant agreements are listed below:
Conclusion
There is no consensus to support TPI field for DCI format 0_3 in Rel-18

Agreement
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. 

Agreement
Adopt the following TP to 38.214 for the support of FDRA Type 2 for PUSCH scheduled by DCI format 0_3: 

Agreement
· When Antenna port(s) field in DCI format 1_3 is configured as type1a, UE expects to be configured with a common table from Tables 7.3.1.2.2-1/2/3/4 in TS38.212 is used for all cells in set of cells.
· The DMRS mapping type should be the same across the cells in set of cells
· When Antenna port(s) field in DCI format 0_3 is configured as type1a, UE expects to be configured with a common table from Tables 7.3.1.1.2-6, 7.3.1.1.2-6A, 7.3.1.1.2-7, 7.3.1.1.2-7A, 7.3.1.1.2-8, 7.3.1.1.2-9, 7.3.1.1.2-10, 7.3.1.1.2-11, 7.3.1.1.2-12, 7.3.1.1.2-13, 7.3.1.1.2-14, 7.3.1.1.2-15, 7.3.1.1.2-16, 7.3.1.1.2-17, 7.3.1.1.2-18, 7.3.1.1.2-19, 7.3.1.1.2-20, 7.3.1.1.2-21, 7.3.1.1.2-22, 7.3.1.1.2-23, 7.3.1.1.2-24, and 7.3.1.1.2-25 in TS38.212 is used for all cells in set of cells.
· The DMRS mapping type should be the same across the cells in set of cells
· When TPMI field in DCI format 0_3 is configured as type1a, UE expects to be configured with a common table from Tables 7.3.1.1.2-2, 7.3.1.1.2-2A, 7.3.1.1.2-B, 7.3.1.1.2-3, 7.3.1.1.2-3A, 7.3.1.1.2-4, 7.3.1.1.2-4A, 7.3.1.1.2-5, and 7.3.1.1.2-5A in TS38.212 is used for all cells in set of cells.
· When SRI field in DCI format 0_3 is configured as type1a, UE expects to be configured with a common table from Tables 7.3.1.1.2-28, 7.3.1.1.2-29, 7.3.1.1.2-30, 7.3.1.1.2-31, 7.3.1.1.2-32, 7.3.1.1.2-32A, and 7.3.1.1.2-32B in TS38.212 is used for all cells in set of cells. 

Agreement
For a UE configured with DCI format 1_3, the number of HARQ-ACK bits used for PUCCH power control is derived based on a summation of the corresponding numbers of HARQ-ACK bits in the two HARQ-ACK sub-codebooks.

Agreement
· Alt 2: For a DCI format 1_3 transmitted on PCell, 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 is provided by repurposing below fields corresponding to one or more serving cell with the smallest cell index with invalid FDRA values in ascending order of serving cell index:
· Modulation and coding scheme of transport block 1 
· NDI of transport block 1
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if AntennaPortsDCI1-3 is configured as ‘type2’
· Note: Cells with valid FDRA fields are scheduled.

Agreement
Rel-18 specifications support a DCI format 1_3 is transmitted without scheduling any PDSCH for SCell dormancy indication.
· For Type-2 HARQ-ACK codebook, the corresponding HARQ-ACK information for the DCI format 1_3 is included in the first Type-2 sub-codebook.

Agreement
For a cell provided in MC-DCI-SetofCells, when no search space set is configured for the cell, the cell is not counted as a scheduled cell for M_total_μ/C_total_μ calculation.

Agreement
· BWP indicator in a DCI format 0_3/1_3 applies only to the scheduled cell(s) with valid FDRA value(s).
· For a cell scheduled by DCI format 0_3/1_3 with valid FDRA value, if the BWP indicator indicates a code point that does not correspond to a configured BWP for the cell, the UE does not perform dynamic BWP switching based on the BWP indicator and transmits/receives data on the current active BWP of the cell.

Agreement
In case of BWP switching, for a Type-2 field in a DCI format 0_3/1_3, the existing procedure for DCI field parsing (via truncation or zero-padding) is applied per “block” of the Type-2 field in the DCI format 0_3/1_3.

Agreement
· For Type-2 HARQ-ACK codebook, if a DCI format 1_3 is transmitted with fields repurposed for SCell dormancy indication and schedules one or more PDSCHs, 
· the corresponding HARQ-ACK information for the one or more PDSCHs is included in the second Type-2 HARQ-ACK sub-codebook.
· HARQ-ACK information for the SCell dormancy indication is mapped to HARQ-ACK bit position for the serving cell with the smallest cell index with invalid FDRA and included in the second Type-2 HARQ-ACK sub-codebook.

Hence, in this contribution, we present our views on remaining issues on R18 multi-carrier enhancements. 

2. Discussion

2.1 On SCell dormancy indication via DCI format 1_3
After RAN1#115 meeting, a post e-mail discussion on TS38.212 was focused on how to well capture the implicit SCell dormancy indication in TS38.212 in the case that the higher layer parameter ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured. 
	Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.




[bookmark: _Hlk159163628]According to below agreements made in RAN1#112 meeting, there are two alternatives for indicating the scheduled cells and also named as FDRA field based scheme and co-scheduled cell indicator field based scheme during UE feature discussion:
· Alternative 1: co-scheduled cell indicator field based scheme
· For Alternative 1, an indicator in the DCI format 1_3 is included and indicates the co-scheduled cells by pointing to one row of a table configured by RRC signaling for the set of cells. So far, Alternative 1 is captured in standards by configuring higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries and including Scheduled cells indicator in DCI format 1_3. 
· Alternative 2: FDRA field based scheme
· For Alternative 2, the UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells. Compared with Alternative 1, Alternative 2 does not need to configure the table nor include the indicator in the DCI format 1_3. So far, Alternative 2 is captured in standards by not configuring higher layer parameter ScheduledCellCombo-ListDCI-1-3. 
Firstly, we think the current TS38.212-i10 well captures the two alternatives in the above agreements. 
Secondly, if FDRA value is used to determine whether a cell is scheduled or not even when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is provided, then it seems a combination of Alternative 1 and Alternative 2, i.e., co-scheduled cell indicator field based + FDRA field based scheme. In that sense, it implies when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is provided for a UE, the UE should firstly check Scheduled cells indicator in DCI format 1_3 to find out the indicated cell combination from the table configured by ScheduledCellCombo-ListDCI-1-3, then further check FDRA value for each cell within the indicated cell combination to determine whether a cell is scheduled or not. Therefore, this combination of Alternative 1 and Alternative 2 does not align with the above agreements made in RAN1#112 meeting.
Observation 1: The combination of Alternative 1 and Alternative 2 does not align with the above agreements made in RAN1#112 meeting.

Thirdly, in current TS38.212-i10, there are already a lot of descriptions using the wording of “scheduled cells” in both DCI format 0_3 and DCI format 1_3 when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured. Definitely, “scheduled cells” means the actually scheduled cells. When higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is provided, if FDRA value is used to further determine whether a cell within the indicated scheduled cell combination is scheduled or not, then it is problematic how to interpret the wording of “scheduled cells”. Should it be changed to “potentially scheduled cells”? then how can it differentiate from “cells within the scheduled cell set”? In that sense, new issues arise on how to understand the existing terminology or introduce new terminology. 
Observation 2: New issues arise on how to understand the existing terminology or introduce new terminology if valid or invalid FDRA value is used to further determine scheduled cell or non-scheduled cell when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured.

Fourthly, as mentioned in below standard, “If ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured with more than one entry,  is the number of scheduled cells indicated by Scheduled cells indicator field”, it is common understanding that a scheduled cell should have valid FDRA value, so  is the number of scheduled cells with valid FDRA values. Hence, if ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured with more than one entry, all the  blocks in the FDRA field are valid values. Hence, there is no invalid FDRA value which can be used to trigger implicit SCell dormancy indication.  
	7.3.1.2.4	Format 1_3
DCI format 1_3 is used for the scheduling of one PDSCH in one cell, or multiple PDSCHs in multiple cells with one PDSCH per cell.
The following information is transmitted by means of the DCI format 1_3 with CRC scrambled by C-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats - 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format
-	Scheduled cell set indicator -  bits, where  is the number of cell sets which are configured by higher layer parameter MC-DCI-SetofCellsToAddModList to be respectively scheduled by DCI format 0_3/1_3 from the cell on which this format is carried by PDCCH. If present, this field is used to indicate the scheduled cell set according to Table 7.3.1.1.4-1; otherwise, the scheduled cell set is the cell set configured to be scheduled by DCI format 0_3/1_3 from the cell by higher layer parameter MC-DCI-SetofCellsToAddModList.     
-	Scheduled cells indicator - number of bits determined by the following:
-	0 bit if the higher layer parameter ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is not configured;
[bookmark: _Hlk159164182]-	otherwise  bits indicating the scheduled cells in the scheduled cell set according to Table 7.3.1.2.4-1, where  is the number of entries in the higher layer parameter ScheduledCellCombo-ListDCI-1-3. If only one entry is configured in the higher layer parameter ScheduledCellCombo-ListDCI-1-3, the scheduled cells are the cells configured by higher layer parameter ScheduledCellCombo-ListDCI-1-3.
-	Bandwidth part indicator - 0, 1 or 2 bits determined as , where 
-	 if ,  is the maximum number of DL BWPs configured by higher layers, excluding the initial DL bandwidth part, across all the cells configured by higher layer parameter ScheduledCell-ListDCI-1-3 in the scheduled cell set, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	otherwise , in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
The field is only applicable to a scheduled cell with the number of configured DL BWPs larger than 1, including the initial DL bandwidth part, and is applied to the applicable scheduled cells in the scheduled cell set independently. If a UE does not support active BWP change via DCI, the UE ignores this bit field. If this field indicates a code point that does not correspond to a configured BWP of a scheduled cell, the UE ignores this bit field for the scheduled cell, and operates on the active BWP of the scheduled cell.
-	Frequency domain resource assignment - number of bits determined by the following:
-	block number 1, block number 2,…, block number 
[bookmark: OLE_LINK36]If ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured with more than one entry,  is the number of scheduled cells indicated by Scheduled cells indicator field; if ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is configured with only one entry, is the number of cells configured by higher layer parameter ScheduledCellCombo-ListDCI-1-3; otherwise,  is the number of cells in the scheduled cell set configured by higher layer parameter ScheduledCell-ListDCI-1-3. Each block corresponds to the frequency domain resource assignment for a cell, and the blocks are placed according to an ascending order of a serving cell index, with block number 1 corresponding to the frequency domain resource assignment for the cell with the smallest serving cell index. Each block is defined by the following fields:  
…
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if resourceAllocationDCI-1-3 is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment" field of the indicated bandwidth part.
If the higher layer parameter ScheduledCellCombo-ListDCI-1-3 for the scheduled cell set is not configured, each block is also used to indicate whether the corresponding cell is scheduled or not as follows:
-	if all bits of a block are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic switch resource allocation type, the cell corresponding to the block is not scheduled; 
-	otherwise, the cell corresponding to the block is scheduled. 




Observation 3: Implicit SCell dormancy indication can’t be triggered when higher layer parameter ScheduledCellCombo-ListDCI-1-3 is configured with more than one entry since  is the number of scheduled cells.

On the other hand, regarding below agreements made in RAN1#114bis meeting and RAN1#115 meeting, MCS of TB1 corresponding to a cell with smallest serving cell index with invalid FDRA field values can be repurposed to indicate the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, or SCell dormancy indication together with other fields. One problem is how to capture this repurposing based solution when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured.
	Agreement
For an enhanced Type-3 HARQ-ACK codebook triggered by a DCI format 1_3, if the enhanced Type-3 HARQ-ACK codebook indicator is not configured, the MCS field of TB1 corresponding to a cell with smallest serving cell index among the co-scheduled cells with invalid FDRA field values is used to indicate the index of the enhanced Type-3 HARQ-ACK codebook.
· Note: Cells with valid FDRA fields are scheduled

[bookmark: _Hlk147750787]Agreement
For HARQ-ACK retransmission triggered by a DCI format 1_3, the MCS field of TB1 corresponding to a cell with smallest serving cell index among the co-scheduled cells with invalid FDRA field values is used to indicate the value of slot level offset l.
· Note: Cells with valid FDRA fields are scheduled

Agreement
· Alt 2: For a DCI format 1_3 transmitted on PCell, 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 is provided by repurposing below fields corresponding to one or more serving cell with the smallest cell index with invalid FDRA values in ascending order of serving cell index:
· Modulation and coding scheme of transport block 1 
· NDI of transport block 1
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if AntennaPortsDCI1-3 is configured as ‘type2’
· Note: Cells with valid FDRA fields are scheduled.




There are several ways to deal with this issue:
· Option 1: RAN1 achieve consensus that this repurposing based solution on indicating the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, or SCell dormancy indication is only supported when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is NOT configured.
· Option 2: RAN1 achieve consensus that these repurposing based solution on indicating the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, or SCell dormancy indication is supported regardless of higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries configured or NOT configured. In addition, RAN1 achieve consensus that when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured, in addition to the Scheduled cells indicator, FDRA value is used to further determine whether a cell within the cell(s) indicated by Scheduled cells indicator is scheduled or not. As mentioned above, new issues arise on how to understand the existing terminology or introduce new terminology on “scheduled cells” in TS38.212-i10 when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured.
· Option 3: Keep current TS38.212-i10 unchanged, i.e., from a UE’s perspective, if there is no invalid FDRA value, then the UE doesn’t consider the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, or SCell dormancy indication is indicated by repurposing based indication; if there is invalid FDRA value and if other necessary triggering conditions are met, then the UE considers the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, or SCell dormancy indication is indicated by repurposing based indication.
Among the three options, option 3 is simple with minimum standard impact and doesn’t introduce new issue. So option 3 is preferred.
Based on above analysis, we have below proposal:
Proposal 1: Keep current TS38.212-i10 unchanged regarding repurposing based indication of the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, and SCell dormancy indication.

2.2 On DL DAI definition

In RAN1#115 meeting, regarding HARQ-ACK feedback for DCI format 1_3 for SCell dormancy indication with or without scheduling PDSCH, below agreements are made:
	Agreement
Rel-18 specifications support a DCI format 1_3 is transmitted without scheduling any PDSCH for SCell dormancy indication.
· For Type-2 HARQ-ACK codebook, the corresponding HARQ-ACK information for the DCI format 1_3 is included in the first Type-2 sub-codebook.

Agreement
· For Type-2 HARQ-ACK codebook, if a DCI format 1_3 is transmitted with fields repurposed for SCell dormancy indication and schedules one or more PDSCHs, 
· the corresponding HARQ-ACK information for the one or more PDSCHs is included in the second Type-2 HARQ-ACK sub-codebook.
· HARQ-ACK information for the SCell dormancy indication is mapped to HARQ-ACK bit position for the serving cell with the smallest cell index with invalid FDRA and included in the second Type-2 HARQ-ACK sub-codebook.




With above two agreements, the HARQ-ACK information for DCI format 1_3 for SCell dormancy indication without scheduling any PDSCH is included in the first Type-2 sub-codebook while the HARQ-ACK information for the DCI format 1_3 for SCell dormancy indication with scheduling one or more PDSCHs is included in the second Type-2 sub-codebook.
Hence, for Type-2 HARQ-ACK codebook, the counter DAI definition for the two sub-codebooks should consider the case where DCI format 1_3 for SCell dormancy indication with or without scheduling any PDSCH.
· For the first sub-codebook, the counter DAI is included in DCI formats, each scheduling PDSCH receptions on respective single serving cells with associated HARQ-ACK information, or having associated HARQ-ACK information without scheduling a PDSCH reception;
· For the second sub-codebook, the counter DAI is included in DCI formats, each scheduling PDSCH receptions on respective more than one serving cells with associated HARQ-ACK information, or each scheduling PDSCH receptions on respective one or more serving cells with associated HARQ-ACK information and having associated HARQ-ACK information that is not in response for PDSCH receptions.
However, regarding the definition of counter DAI for a DCI format with associated HARQ-ACK information bits in the second HARQ-ACK sub-codebook, the case where a DCI format 1_3 which schedules one or more PDSCHs fields and is also repurposed for SCell dormancy indication is not captured in TS38.213-i10.
Furthermore, regarding the definition of total DAI for a DCI format, this DCI format should include three cases: 
· Case 1: the DCI format schedules PDSCH reception(s) that provide transport blocks with enabled HARQ-ACK information report;
· Case 2: the DCI format has HARQ-ACK information that does not correspond to PDSCH receptions;
· Case 3: the DCI format schedules one or more PDSCHs with enabled HARQ-ACK information AND has HARQ-ACK information that does not correspond to PDSCH receptions, i.e., DCI format 1_3 which schedules one or more PDSCHs fields and is also repurposed for SCell dormancy indication.
However, regarding the definition of total DAI, the aforementioned Case 3 is not captured in TS38.213-i10.
To capture the above two agreements made in RAN1#115, we have below TP1:
TP1:
· Reason for change: Current spec on DAI counting for a DCI format 1_3 which schedules one or more PDSCHs fields and is also repurposed for SCell dormancy indication is not captured in DAI counting for the second HARQ-ACK sub-codebook. 
· Summary of change: DAI counting for the second HARQ-ACK sub-codebook for DCI format 1_3 is updated to cover the DCI format 1_3 which schedules one or more PDSCHs fields and is also repurposed for SCell dormancy indication. 
· Consequence if not approved: The case where the DCI format 1_3 which schedules one or more PDSCHs fields and is also repurposed for SCell dormancy indication is not covered in DAI counting for the second HARQ-ACK sub-codebook.
	[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171][bookmark: _Toc45699197][bookmark: _Toc146789764]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
…
A value of the counter downlink assignment indicator (DAI) field in DCI formats, each scheduling PDSCH receptions on respective single serving cells with associated HARQ-ACK information, or having associated HARQ-ACK information without scheduling a PDSCH reception, in a same HARQ-ACK codebook denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions that provide transport blocks with enabled HARQ-ACK information report, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where . 
A value of the counter DAI field in DCI formats, each scheduling PDSCH receptions on respective more than one serving cells with associated HARQ-ACK information, or each scheduling PDSCH receptions on respective one or more serving cells with associated HARQ-ACK information and having associated HARQ-ACK information that is not in response for PDSCH receptions, in a same HARQ-ACK codebook, denotes the accumulative number of {serving cell with smallest index from the more than one serving cells, PDCCH monitoring occasion}-pairs in which PDSCH receptions are present up to the current more than one serving cells and current PDCCH monitoring occasion,
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH receptions on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell with smallest index from the more than one serving cells, PDCCH monitoring occasion} pair,
-	second in ascending order of the smallest serving cell index from the more than one serving cells, and 
-	third in ascending order of PDCCH monitoring occasion index , where .
If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the value of the counter DAI is in the order of the first CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion index. 
The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) that provide transport blocks with enabled HARQ-ACK information report, and/or HARQ-ACK information that does not correspond to PDSCH receptions, associated with DCI formats, excluding the SPS activation DCI, is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, the total DAI value counts the {serving cell, PDCCH monitoring occasion}-pair(s) for both the first CORESETs and the second CORESETs.
…



As analyzed above, we have below proposals: 
Proposal 2: Endorse above TP1.


2.3 On CBG-based transmission

In RAN1#110 meeting, RAN1 reached agreement on not supporting simultaneous configuration of both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group. This agreement is missing in TS38.213-i00 and needs to be added for clear UE behaviours.
Agreement
· UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.

Therefore, we have below TP2:
· Reason for change: Current spec doesn’t capture the agreement of not supporting simultaneous configuration of both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group for a UE. 
· Summary of change: Capture the agreement in Section 9.
· Consequence if not approved: Such agreement is missing in the spec.
TP2:
	Cited from Section 9 in TS38.213-i10:
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc145664295]9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
If a UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16. If harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup. If harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUSCH is replaced by harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup. If uci-MuxWithDiffPrioSecondaryPUCCHgroup is provided, uci-MuxWithDiffPrio is replaced by uci-MuxWithDiffPrioSecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH is replaced by simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-SamePriority-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH-SamePriority is replaced by simultaneousPUCCH-PUSCH- SamePriority-SecondaryPUCCHgroup. If pucch-sSCellSecondaryPUCCHgroup is provided, pucch-sSCell is replaced by pucch-sSCellSecondaryPUCCHgroup. If pucch-sSCellPatternSecondaryPUCCHgroup is provided, pucch-sSCellPattern is replaced by pucch-sSCellPatternSecondaryPUCCHgroup. If pucch-sSCellDynSecondaryPUCCHgroup is provided, pucch-sSCellDyn is replaced by pucch-sSCellDynSecondaryPUCCHgroup. If pdsch-HARQ-ACK-EnhType3SecondaryToAddModList is provided, pdsch-HARQ-ACK-EnhType3ToAddModList is replaced by pdsch-HARQ-ACK-EnhType3SecondaryToAddModList. If pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup is provided, pdsch-HARQ-ACK-Retx is replaced by pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup.
[bookmark: _Hlk136453282]If a UE is provided MC-DCI-SetofCells for scheduling by a DCI format PDSCH receptions or PUSCH transmissions on serving cells from a set of more than one serving cells, the UE expects the more than one serving cells to be in a same PUCCH group. The UE provides HARQ-ACK information in a same HARQ-ACK codebook for sets of serving cells that are associated with a same PUCCH group. The UE does not expect to be configured to receive multicast PDSCH on serving cells of the same PUCCH group as serving cells from the sets of serving cells. The UE does not expect to be configured with CBG-based PDSCH/PUSCH transmission on serving cells within a same PUCCH group as serving cells from the sets of serving cells.
…



As analyzed above, we have below proposals: 
Proposal 3: Endorse above TP2.

2.4 On multi-PDSCH scheduling

In RAN1#110bis, RAN1 reached agreement on not supporting simultaneous configuration of both multi-PDSCH scheduling and the multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group. This agreement is missing in TS38.213-i10 and needs to be added for clear UE behaviors.
Agreement
· UE does not expect to be configured both multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group.

Therefore, we have below TP3:
· Reason for change: Current spec doesn’t capture the agreement of not supporting simultaneous configuration of both multi-PDSCH scheduling and the multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group for a UE. 
· Summary of change: Capture the agreement in Section 9.
· Consequence if not approved: Such agreement is missing in the spec.
TP3:
	Cited from Section 9 in TS38.213-i10:
9	UE procedure for reporting control information
If a UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG.
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
If a UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16. If harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup. If harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUSCH is replaced by harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup. If uci-MuxWithDiffPrioSecondaryPUCCHgroup is provided, uci-MuxWithDiffPrio is replaced by uci-MuxWithDiffPrioSecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH is replaced by simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-SamePriority-secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH-SamePriority is replaced by simultaneousPUCCH-PUSCH- SamePriority-SecondaryPUCCHgroup. If pucch-sSCellSecondaryPUCCHgroup is provided, pucch-sSCell is replaced by pucch-sSCellSecondaryPUCCHgroup. If pucch-sSCellPatternSecondaryPUCCHgroup is provided, pucch-sSCellPattern is replaced by pucch-sSCellPatternSecondaryPUCCHgroup. If pucch-sSCellDynSecondaryPUCCHgroup is provided, pucch-sSCellDyn is replaced by pucch-sSCellDynSecondaryPUCCHgroup. If pdsch-HARQ-ACK-EnhType3SecondaryToAddModList is provided, pdsch-HARQ-ACK-EnhType3ToAddModList is replaced by pdsch-HARQ-ACK-EnhType3SecondaryToAddModList. If pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup is provided, pdsch-HARQ-ACK-Retx is replaced by pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup.
If a UE is provided MC-DCI-SetofCells for scheduling by a DCI format PDSCH receptions or PUSCH transmissions on serving cells from a set of more than one serving cells, the UE expects the more than one serving cells to be in a same PUCCH group. The UE provides HARQ-ACK information in a same HARQ-ACK codebook for sets of serving cells that are associated with a same PUCCH group. The UE does not expect to be configured to receive multicast PDSCH on serving cells of the same PUCCH group as serving cells from the sets of serving cells. The UE does not expect to be configured pdsch-TimeDomainAllocationListForMultiPDSCH on serving cells within a same PUCCH group as serving cells from the sets of serving cells. 
… 



As analyzed above, we have below proposals: 
Proposal 4: Endorse above TP3.


3. Conclusion
In this contribution, we focus on the remaining open issues on multi-cell scheduling and have below observations and proposals:
Observation 1: The combination of Alternative 1 and Alternative 2 does not align with the above agreements made in RAN1#112 meeting.
Observation 2: New issues arise on how to understand the existing terminology or introduce new terminology if valid or invalid FDRA value is used to further determine scheduled cell or non-scheduled cell when higher layer parameter ScheduledCellCombo-ListDCI-1-3 with one or multiple entries is configured.
Observation 3: Implicit SCell dormancy indication can’t be triggered when higher layer parameter ScheduledCellCombo-ListDCI-1-3 is configured with more than one entry since  is the number of scheduled cells.
Proposal 1: Keep current TS38.212-i10 unchanged regarding repurposing based indication of the index of the enhanced Type-3 HARQ-ACK codebook, the value of slot level offset l, and SCell dormancy indication.
Proposal 2: Endorse above TP1.
Proposal 3: Endorse above TP2.
Proposal 4: Endorse above TP3.
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