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1	Introduction 
In this document, remaining issues for multi-cell PUSCH/PDSCH scheduling are addressed. Corresponding text proposals are also provided.
2       Search Space Design
At the last meeting, the support of search space sharing for multi-cell DCI formats was discussed. Search space sharing for single cell scheduling has been supported since Rel-15. This feature can reduce the blocking probability and increase scheduling flexibility. As the payload size of DCI format 0_3 or 1_3 is typically larger than single cell DCI formats, higher blocking probability is expected for multi-cell scheduling. Search space sharing can effectively alleviate this problem. And also, the specification impact is minimal for extending this feature to multi-cell DCI. 
[bookmark: _Hlk149742106]Proposal 1:	Seach space sharing is supported by a UE with corresponding search space sharing capability for multi-cell scheduling.
Reason for change:
Search spacing sharing can reduce blocking probability and increase scheduling flexibility, which should be extended to multi-cell scheduling.
Summary of change:
Add the support of search spacing sharing for multi-cell scheduling in Section 10.1 in TS 38.213.
Consequence if not approved:
Search spacing sharing for multi-cell scheduling is not supported and blocking probability may be increased for multi-cell scheduling.
******************************************* Start of TP ******************************************
< Unchanged parts are omitted >
A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 
-	has a PDCCH candidate with CCE aggregation level  in CORESET  associated with search space set  of a scheduling cell for detection of a first DCI format, other than DCI format 0_0 or DCI format 1_0, having a first size and scheduling 
-	PUSCH transmission or configured grant Type 2 PUSCH release on serving cell  or on serving cells in a set of cells MC-DCI-SetofCells corresponding to , or 
-	PDSCH reception or having associated HARQ-ACK information without scheduling PDSCH reception on serving cell  or on serving cells in a set of cells MC-DCI-SetofCells corresponding to 
can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level  in CORESET  associated with search space set  of the scheduling cell for detection of a second DCI format having a second size and associated with scheduling on serving cell  or on serving cells in a set of cells MC-DCI-SetofCells corresponding to , if the first size and the second size are same and if neither of search space sets  and  includes searchSpaceLinkingId.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
For CCE determination of a PDCCH candidate, the following formular is used 

The latest version of TS 38. 213 defines , where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to . When two search space sets with same searchSpaceId for multi-cell scheduling, respectively, are provided on a serving cell and on the scheduling cell in a set of cells MC-DCI-SetofCells, it is unclear how to determine   as different numbers of PDCCH candidates per aggregation level may be configured in the search space sets with same searchSpaceId. Two alternative solutions could be considered:
· Alt-1: The number of PDCCH candidates configured on a reference cell is used as , the reference cell could be the cell for counting the PDCCH candidates;
· Alt-2: A same number of PDCCH candidates per aggregation level is always configured in the search space sets with same searchSpaceId respectively on a serving cell and on the scheduling cell.

As different sets of cells MC-DCI-SetofCells may be scheduled by a same scheduling cell, it would be beneficial to maintain the flexibility of configuring different number of PDCCH candidates for multi-cell scheduling. For legacy single-cell cross-carrier scheduling, an n_CI corresponds to a scheduled cell and the number of candidates per AL is configured and counted per scheduled cell, so Alt-1 has no impact to legacy UE behaviours. In light of this, Alt-1 is slightly preferred.
Proposal 2:	 is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  on the serving cell for counting the PDCCH candidates corresponding to  when the nCI-Value is provided for the set of serving cells MC-DCI-SetofCells.
Reason for change:
There is an ambiguity for determining the number of PDCCH candidates  for multi-cell scheduling when two search space sets with same searchSpaceId for multi-cell scheduling, respectively, are provided on a serving cell and on the scheduling cell in a set of cells MC-DCI-SetofCells.
Summary of change:
Clarify that  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  on the serving cell for counting the PDCCH candidates corresponding to  in Section 10.1 in TS 38.213.
Consequence if not approved:
The set of CCEs for a PDCCH candidate may be incorrectly determined.

******************************************* Start of TP ******************************************
< Unchanged parts are omitted >
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value , or corresponding to value  of nCI-Value associated with a set of serving cells MC-DCI-SetofCells, are given by 

where
[bookmark: _Hlk39576530]for any CSS, ; 
for a USS, , ,  for ,  for ,  for , and ;
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set 
-	for CORESET 0, the CCEs are obtained prior to puncturing, if any, of corresponding RBs [4, TS 38.211]; 
 is 
-	the carrier indicator field value, if provided by cif-InSchedulingCell in CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored, except for scheduling of the serving cell from the same serving cell in which case ;
-	the nCI-Value, if provided, for the set of serving cells MC-DCI-SetofCells; 
-	otherwise, including for any CSS, 
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell for counting the PDCCH candidates corresponding to ; 
for any CSS, ; 
for a USS,  is the maximum of  over all configured  values for a CCE aggregation level  of search space set  ;
the RNTI value used for  is the C-RNTI. 
< Unchanged parts are omitted >
******************************************* End of TP ******************************************
3      Application delay of minimum scheduling offset restriction
At RAN1 #114bis, it was agreed that the minimum applicable scheduling offset indicator, if configured to be present in DCI format 0_3/1_3, is of Type-1A field with 1 bit. Regarding the application delay of minimum scheduling offset restriction, the latest version of TS 38.214 provides the following descriptions:
“If the DCI in slot n also indicates an active DL (UL) BWP change for a serving cell, the indicated K0min (K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell.”
“When the DCI format 0_1, 0_3, 1_1 or 1_3 with 'Minimum applicable scheduling offset indicator' field indicating a change to the applied K0min or K2min is contained within the first three symbols of slot n, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell and is zero, if minimumSchedulingOffsetK0 is not configured for the active DL BWP in the scheduled cell, Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1, and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH of the active DL BWP in the scheduling cell and PDSCH of the active DL BWP in the scheduled cell, respectively, in slot n.”
According to the current descriptions, the application delay of minimum scheduling offset restriction is determined based on the slot offset value of TDRA field for a scheduled cell if BWP switching is configured or based on the old minimum scheduling offset restriction for a scheduled cell otherwise. This can work well for single-cell scheduling as only one scheduled cell exists corresponding to a DCI transmission. For multi-cell scheduling it is however unclear how to determine the application delay as multiple TDRA slot offset values or multiple old minimum scheduling offset restrictions could be configured for different co-scheduled cells. Considering that similar TDRA slot offset values or  K0min (K2min) values would be configured for cells that can be co-scheduled, a simple way to address this ambiguity is to use a reference cell, e.g., the scheduled cell with smallest cell index, to determine the application delay.
Proposal 3:	The scheduled cell with smallest serving cell index is used as a reference cell for the determination of an application delay for minimum scheduling offset restrictions.
Reason for change:
It is unclear how to determine the application delay of minimum scheduling offset restriction for multi-cell scheduling.
Summary of change:
Clarify that the scheduled cell with smallest serving cell index is used for the determination of an application delay for minimum scheduling offset restrictions in Section 5.3.1 in TS 38.214.
Consequence if not approved:
A wrong application delay of minimum scheduling offset restriction may be applied by a UE in case of multi-cell scheduling.
******************************************* Start of TP  *******************************************
< Unchanged parts are omitted >
5.3.1	Application delay of the minimum scheduling offset restriction
When the UE is scheduled with DCI format 0_1, 0_3, 1_1 or 1_3 with a 'Minimum applicable scheduling offset indicator' field in slot n, it shall determine the K0min and K2min values, if configured respectively, to be applied, while the previously applied K0min and/or K2min values are applied until the new values take effect. If the DCI in slot n also indicates an active DL (UL) BWP change for a serving cell, the indicated K0min (K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field for the cell with smallest serving cell index among the cell(s) scheduled in the DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to be scheduled with DCI format 0_1, 0_3, 1_1 or 1_3 with 'Minimum applicable scheduling offset indicator' field indicating another change to K0min or K2min for the same active BWP of the scheduled cell before slot n+X of the scheduling cell.
When the DCI format 0_1, 0_3, 1_1 or 1_3 with 'Minimum applicable scheduling offset indicator' field indicating a change to the applied K0min or K2min is contained within the first three symbols of slot n, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell with smallest serving cell index among the cell(s) scheduled by the DCI and is zero, if minimumSchedulingOffsetK0 is not configured for the active DL BWP in the scheduled cell, Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1, and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH of the active DL BWP in the scheduling cell and PDSCH of the active DL BWP in the scheduled cell, respectively, in slot n. After indication of a change to the applied K0min or K2min of the scheduled cell in slot n of the scheduling cell, if there is an active DL BWP change in the scheduling cell before slot n+X, the new K0min and/or K2min values are applied from the first slot no earlier than the start of slot n+X based on the sub-carrier spacing configuration of the active DL BWP in the scheduling cell in slot n.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
4        Conclusions
In this contribution, remaining issues for multi-cell PDSCH/PUSCH scheduling are discussed. The following proposals are provided:
Proposal 1:	Seach space sharing is supported by a UE with corresponding search space sharing capability for multi-cell scheduling.
Proposal 2:	 is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  on the serving cell for counting the PDCCH candidates corresponding to  when the nCI-Value is provided for the set of serving cells MC-DCI-SetofCells.
Proposal 3:	The scheduled cell with smallest serving cell index is used as a reference cell for the determination of an application delay for minimum scheduling offset restrictions.
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