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In this contribution, remaining issues for multi-cell scheduling with a single DCI, which were discussed during the review of draft CRs, are further analyzed.
Remaining issues for multi-cell scheduling with a single DCI
Mapping between a USS and one set of cells
In the RAN1#112 meeting, it was agreed that a USS set is independently configured for each set of cells.  According to the current RRC parameter, there is no single RRC parameter to link a USS for DCI format 1_3 with a cell set explicitly. Therefore, it seems possible that one USS set can be applied for monitoring more than one DCI format 0_3/1_3 which schedules different sets of cells from a same scheduling cell separately. Take an example in Figure 1, the UE is configured with two sets of cells, and PCell is the scheduling cell. USS#1 is only configured on PCell, USS#2 are configured both on PCell and SCell#4. According to the current specification [1] (also shown below), we clarify our understanding regarding behaviour of the PDCCH detection. 
	In the following, if a UE monitors PDCCH candidates on a scheduling cell for detection of DCI format 0_3 or DCI format 1_3 for scheduling on serving cells from a set of serving cells, the serving cell for counting the PDCCH candidates and a corresponding number of non-overlapping CCEs 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. 


For cell set#1, the scheduling cell (i.e., PCell) is included. The USS#1 and USS#2 configured on the PCell can be used for monitoring DCI format 0_3/1_3 to schedule PUSCH/PDSCH on cells from the cell set#1 since the configuration of aforementioned USS sets complies with the specification highlighted in yellow. Correspondingly, the BD/CCE of USS#1 and USS#2 configured on the PCell are counted on the PCell that is the reference cell for the cell set#1. 
For cell set#2, the scheduling cell is not included. The UE can monitor PDCCH candidates in the scheduling cell based on the configuration of USS#2 on the SCell#4, aimed at detecting DCI format 0_3/1_3 to schedule PUSCH/PDSCH on cells from cell set#2, given that the configuration of the USS#2 on both PCell and SCell#4 complies with the specification highlighted in blue. Correspondingly, the BD/CCE of USS#2 configured on the SCell#4 is counted on the SCell#4 that is the reference cell for the cell set#2.
[image: ]
[bookmark: _Ref162892895]Figure 1 USS configuration for two sets of cells
Proposal 1: Clarify that:
· For a set of cells including scheduling cell, the corresponding DCI format 0_3/1_3 can be monitored in all the associated search space sets configured on the scheduling cell, with the scheduling cell as the reference cell.
· For a set of cells where the scheduling cell is not included, corresponding DCI format 0_3/1_3 can only be monitored in the associated search space set on the scheduling cell, based on the configuration of the search space set with the same searchSpaceId provided on the reference cell of the cell set.

HARQ-ACK codebook in case of DL BWP switching
In the previous meeting, we discussed the approach for handling a DCI format 1_3 that is detected prior to either UL BWP switching or DL BWP switching. The issue related to UL BWP switching has been solved and the following agreement was reached. The remaining issue is about how to deal with a DCI that is received before DL BWP switching.
	Agreement
· When a PDCCH MO that provides a DCI format 1_3 is before active UL BWP change on the PUCCH cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active UL BWP change on the PUCCH cell, the corresponding HARQ-ACK information for the DCI format 1_3 is skipped.
· FFS: When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell,
· For type 2 codebook for generating the second sub-codebook, the corresponding HARQ-ACK information for that cell with BWP switching is generated with NACK bit
· For type 1 codebook and for type 2 codebook for generating the first sub-codebook, follow the legacy behaviour (the corresponding HARQ-ACK information for that cell with BWP switching is skipped)



According to the discussion [2], there are two options:
· Option 1: When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on one cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, the corresponding HARQ-ACK information for all the co-scheduled cells is skipped.
· Option 2: The approach described after FFS in above agreement.
In our view, Option 1 fully reuses the legacy approach, since the decision to skip a DCI only depends on whether it is received before DL BWP switching or after DL BWP switching, irrespective of the PDSCH. However, this scenario would result in the loss of PDSCH for the scheduled cell due to DL BWP switching in the scheduling cell. 
Option 2 introduces a new approach different from the legacy rule. The determination of skipping the DCI format 1_3 depends on both the number of scheduled PDSCH and DL BWP switching. If a DCI format 1_3 schedules a PDSCH for a cell before DL BWP switching occurs, the DCI format 1_3 is skipped. However, when a DCI format 1_3 schedules multiple PDSCHs for multiple cells before DL BWP switching, the HARQ-ACK information associated with the DCI format 1_3 is still transmitted. Since the processing is not uniform for different cases as compared to Option 1, it introduces implementation complexity and necessitates corresponding specification changes. Based on above discussion, we support the Option 1 and the related draft CR is presented in [3].
Proposal 2: 
· When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell,
· For Type 1 codebook and for Type 2 codebook for generating the first sub-codebook, follow the legacy behaviour (the corresponding HARQ-ACK information for that scheduled cell with active DL BWP change is skipped)
· For Type 2 codebook for generating the second sub-codebook, the HARQ-ACK information is skipped for the DCI format 1_3.
· Adopt draft CR in R1-2405309 for TS 38.213.

SCell dormancy indication case 2 in case of BWP switching
In the previous meeting, FDRA validity during the BWP switching was discussed. In order to minimize the specification impact and adhere to the legacy rule as much as possible, the following conclusion was reached.
	Conclusion
FDRA validity for a cell is determined based on the indicated BWP of the cell.
· No spec impact.


In the scenario of BWP switching, similar issues arise with SCell dormancy indication Case 2. The size of information fields comprising MCS/NDI/RV/HPN/AP for indicating SCell dormancy may change due to BWP switching. If the size of the information field in the active BWP is smaller than that in the indicated BWP, padding with zeros is required prior to interpreting the DCI format information fields. This padding can result in padded zero bits being mapped onto an SCell, accidentally imposing that SCell into dormancy, even though the gNB might not intend to indicate dormancy for these particular SCells. Consequently, in BWP switching scenarios, determining the size of the SCell dormancy indication field based on the indicated BWP reduces the flexibility of SCell dormancy signaling. We propose interpreting the field information for SCell dormancy indication case 2 according to the active DL BWP, and the related draft CR is presented in [4].
Proposal 3: Support interpreting the field information for SCell dormancy indication case 2 based on the active DL BWP.
· Adopt draft CR in R1-2405308 for TS 38.213.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations and proposals:
Proposal 1: Clarify that:
· For a set of cells including scheduling cell, the corresponding DCI format 0_3/1_3 can be monitored in all the associated search space sets configured on the scheduling cell, with the scheduling cell as the reference cell.
· For a set of cells where the scheduling cell is not included, corresponding DCI format 0_3/1_3 can only be monitored in the associated search space set on the scheduling cell, based on the configuration of the search space set with the same searchSpaceId provided on the reference cell of the cell set.
Proposal 2: 
· When a PDCCH MO that provides a DCI format 1_3 is before an active DL BWP change on a cell of co-scheduled cells by the DCI format 1_3, and the DCI format 1_3 does not trigger the active DL BWP change for the cell, and the PUCCH indicated by the DCI format 1_3 is to be transmitted after the active DL BWP change on the cell,
· For Type 1 codebook and for Type 2 codebook for generating the first sub-codebook, follow the legacy behaviour (the corresponding HARQ-ACK information for that scheduled cell with active DL BWP change is skipped)
· For Type 2 codebook for generating the second sub-codebook, the HARQ-ACK information is skipped for the DCI format 1_3.
· Adopt draft CR in R1-2405309 for TS 38.213.
Proposal 3: Support interpreting the field information for SCell dormancy indication case 2 based on the active DL BWP.
· Adopt draft CR in R1-2405308 for TS 38.213.
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< Unchanged parts are omitted >
The UE determines the , for a total number of  HARQ-ACK information bits in the second Type-2 HARQ-ACK sub-codebook according to the following pseudo-code. 
Set  to the maximum number of serving cells in ScheduledCell-ListDCI-1-3 of a set of serving cells provided by MC-DCI-SetofCells, across the number of sets of serving cells, that can be scheduled PDSCH receptions by DCI format 1_3
Set  to the maximum total number of TBs in PDSCH receptions that can be scheduled by a DCI format 1_3 over more than one serving cells in a set of serving cells across the number of sets of serving cells
Set  to the number of sets of serving cells MC-DCI-SetofCells in a PUCCH group
Set  to the number of serving cells, across  sets of serving cells in the PUCCH group
Set  to the index of serving cells, , a lower index corresponds to a lower RRC index of a corresponding serving cell
Set  to the index of a serving cell, in a set of indexes of serving cells arranged in ascending order, from the set of  serving cells, 
Set  – PDCCH monitoring occasion index for detection of a DCI format 1_3 scheduling PDSCH receptions on more than one serving cells from a set of serving cells: lower index corresponds to earlier PDCCH monitoring occasion
Set 
Set 
Set 
Set 
Set  to the number of PDCCH monitoring occasions
while 
 
if harq-ACK-SpatialBundlingPUCCH is not provided,
while 
if PDCCH monitoring occasion  is before an active DL BWP change on a serving cell among more than one serving cells scheduled by a DCI format 1_3 in PDCCH monitoring occasion  and the active DL BWP change is not triggered in PDCCH monitoring occasion  and the PUCCH transmission indicated by a DCI format 1_3 in PDCCH monitoring occasion  is after the active DL BWP change, or if PDCCH monitoring occasion  is before an active UL BWP change on the serving cell of PUCCH transmission if the UE is provided pucch-sSCellDyn, or an active UL BWP change on the PCell if the UE is not provided pucch-sSCellDyn, and the PUCCH transmission indicated by a DCI format 1_3 in PDCCH monitoring occasion  is after the active UL BWP change,
;
else
[bookmark: _Hlk160534812]if there is a PDSCH reception on serving cell  that is scheduled by a DCI format scheduling more than one PDSCHs that provide respective more than one transport blocks with enabled HARQ-ACK information on respective more than one serving cells, where the DCI format is associated with a PDCCH reception in PDCCH monitoring occasion  and c is the smallest serving cell index among the more than one serving cells
if 
; 
end if
; 
if 
; 
else 
;
end if
;
;
while 
if the UE is scheduled PDSCH reception on serving cell , if any, from the more than one serving cells
if maxNrofCodeWordsScheduledByDCI is 2 for serving cell , if any, from the more than one serving cells
 = HARQ-ACK information bit corresponding to the first transport block of this cell
 = HARQ-ACK information bit corresponding to the second transport block of this cell
;
else
 = HARQ-ACK information bit corresponding to the transport block of this cell
;
end if
end if
;
end while
while  
= NACK;
;
end while
;
end if
;
end if
end while
else
while 
if PDCCH monitoring occasion  is before an active DL BWP change on a serving cell among more than one serving cells scheduled by a DCI format 1_3 in PDCCH monitoring occasion  and the active DL BWP change is not triggered in PDCCH monitoring occasion  and the PUCCH transmission indicated by a DCI format 1_3 in PDCCH monitoring occasion  is after the active DL BWP change, or if PDCCH monitoring occasion  is before an active UL BWP change on the serving cell of PUCCH transmission if the UE is provided pucch-sSCellDyn, or an active UL BWP change on the PCell if the UE is not provided pucch-sSCellDyn, and the PUCCH transmission indicated by a DCI format 1_3 in PDCCH monitoring occasion  is after the active UL BWP change,
;
else
if there is a PDSCH reception on serving cell  that is scheduled by a DCI format scheduling more than one PDSCHs that provide respective more than one transport blocks with enabled HARQ-ACK information on respective more than one serving cells, where the DCI format is associated with a PDCCH reception in PDCCH monitoring occasion  and c is the smallest serving cell index among the more than one serving cells
if 
; 
end if
; 
if 
; 
else 
;
end if
;
;
while 
if the UE is scheduled PDSCH reception for transport blocks with enabled HARQ-ACK information on serving cell , if any, from the more than one serving cells
if maxNrofCodeWordsScheduledByDCI is 2 for serving cell  
if the PDSCH reception provides two transport blocks
 = binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks of this cell
else
 = HARQ-ACK information bit corresponding to the first transport block of this cell
end if
else
= HARQ-ACK information bit of this cell
end if
;
end if
;
end while
while  
= NACK;
;
end while
;
end if
;
end if
end while
end if 
; 
end while
; 
if UE does not set  and 
; 
end if
;
if 
; 
end if
if harq-ACK-SpatialBundlingPUCCH is not provided,
 
else
 
end if
 for any  .
< Unchanged parts are omitted >


TP #2 for Proposal 3
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< Unchanged parts are omitted >
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, or of DCI format 1_3, and if
-	the CRC of DCI format 1_1 or of DCI format 1_3 is scrambled by a C-RNTI or an MCS-C-RNTI, and if 
-	a one-shot HARQ-ACK request field is not present or has a '0' value, and if
-	for DCI format 1_3, a HARQ-ACK retransmission indicator field is not present or has a '0' value, and if
-	the UE detects a DCI format 1_1 on the primary cell that does not include a carrier indicator field, or detects a DCI format 1_1 on the primary cell that includes a carrier indicator field with value equal to 0, or detects a DCI format 1_3 on the primary cell, 
and if 
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1, or for one or more blocks of the frequency domain resource assignment field in DCI format 1_3, are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1, or for one or more blocks of the frequency domain resource assignment field in DCI format 1_3, are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI format 1_1, or for one or more blocks of the frequency domain resource assignment field in DCI format 1_3, are equal to 0 or 1
the UE considers the DCI format 1_1 or the DCI format 1_3 as indicating SCell dormancy, not scheduling a PDSCH reception on a serving cell, where for DCI format 1_3 the serving cell is the one with the smallest index that is associated with a block from the one or more blocks of the frequency domain resource assignment field, and for transport block 1 interprets the sequence of fields of 
-	modulation and coding scheme
-	new data indicator
-	redundancy version
and of
-	HARQ process number 
-	antenna port(s) for DCI format 1_1, or for DCI format 1_3 if AntennaPortsDCI1-3 is configured as 'type2'
-	DMRS sequence initialization for DCI format 1_1
according to the current active DL BWP as described in clause 12, as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for a corresponding activated SCell, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for a corresponding activated SCell, 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
If an active DL BWP provided by dormantBWP-Id for a UE on an activated SCell is not a default DL BWP for the UE on the activated SCell, as described in clause 12, the BWP inactivity timer is not used for transitioning from the active DL BWP provided by dormantBWP-Id to the default DL BWP on the activated SCell.
< Unchanged parts are omitted >
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