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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#112bis-e meeting, based on the provided draft CRs from editors and provided RRC parameter list from rapporteur, there are some open issues emerged especially when multi-cell scheduling is combined or simultaneously configured with other R17/R18 specified features need to be further discussed. 
Hence, in this contribution, we present our views on such kind of remaining issues on R18 multi-carrier enhancements. 

2. Discussion

2.1 3rd UL DAI for multicast HARQ-ACK feedback

For Rel-18 multi-cell scheduling, for dynamic HARQ-ACK codebook design, two HARQ-ACK sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK feedback for single cell scheduling and a second sub-codebook comprising HARQ-ACK feedback for multi-cell scheduling. Hence, two UL DAIs are needed in DCI format 0_3 when the dynamic HARQ-ACK codebook is multiplexed on one of co-scheduled PUSCHs by the DCI format 0_3.
On the other hand, in Rel-17 MBS, for multicast HARQ-ACK feedback multiplexing on PUSCH, a third UL DAI is included in the DCI format 0_1 dedicated for multicast, i.e., with one bit for semi-static HARQ-ACK codebook for multicast if the higher layer parameter fdmed-ReceptionMulticast is configured or 2 bits for the dynamic HARQ-ACK codebook for multicast if dynamic HARQ-ACK codebook is configured for multicast.
Considering the HARQ-ACK feedback for multicast may be overlapped in time domain with PUSCHs co-scheduled by a DCI format 0_3, e.g., the HARQ-ACK feedback for multicast is to be transmitted in slot n overlapped with at least one PUSCH scheduled by DCI format 0_3, then HARQ-ACK feedback for multicast needs to be multiplexed on one PUSCH together with HARQ-ACK feedback for unicast in the same PUSCH. 
Since a UE supporting multicast reception may also support UL multi-cell scheduling, we don’t see any reason to exclude this case, the 3rd UL DAI for multicast HARQ-ACK feedback needs to be included in DCI format 0_3 as what we have done in DCI format 0_1 and DCI format 0_2 and 1st UL DAI needs to be updated with consideration of multicast in case of FDMed unicast and multicast is not configured.
Therefore, we have below TP1:
· Reason for change: Current spec doesn’t support simultaneous multicast reception and uplink multi-cell scheduling. It does make sense for a UE supporting multicast reception also supports UL multi-cell scheduling.
· Summary of change: Update UL DAI part in DCI format 0_3 in TS38.212.
· Consequence if not approved: A UE supporting multicast reception can’t support UL multi-cell scheduling, or a UE is configured with multi-cell scheduling can’t receive multicast reception.

TP1:
	Cited from DCI format 0_3 in TS38.212-i00
…
-	1st downlink assignment index – 1 or 2 bits
-	1 bit for semi-static HARQ-ACK codebook for unicast and multicast if pdsch-HARQ-ACK-Codebook = semiStatic is configured for both unicast and multicast and the higher layer parameter fdmed-ReceptionMulticast is not configured; otherwise for semi-static HARQ-ACK codebook for unicast;
-	2 bits for dynamic HARQ-ACK codebook for unicast.
When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-3 is configured, if the bit width of the 1st downlink assignment index in DCI format 0_3 for one HARQ-ACK codebook is not equal to that of the 1st downlink assignment index in DCI format 0_3 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 1st downlink assignment index until the bit width of the 1st downlink assignment index in DCI format 0_3 for the two HARQ-ACK codebooks are the same.
[bookmark: OLE_LINK16]-	2nd downlink assignment index – 0 or 2 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks for unicast;
-	0 bit otherwise. 
When two HARQ-ACK codebooks are configured for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-3 is configured, if the bit width of the 2nd downlink assignment index in DCI format 0_3 for one HARQ-ACK codebook is not equal to that of the 2nd downlink assignment index in DCI format 0_3 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 2nd  downlink assignment index until the bit width of the 2nd downlink assignment index in DCI format 0_3 for the two HARQ-ACK codebooks are the same.
-	3rd downlink assignment index – 0, 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook for multicast if the higher layer parameter fdmed-ReceptionMulticast is configured;
-	2 bits for the dynamic HARQ-ACK codebook for multicast;
-	0 bit otherwise.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]When two HARQ-ACK codebooks are configured by pdsch-HARQ-ACK-CodebookListMulticast for the same serving cell and if higher layer parameter priorityIndicatorDCI-0-3 is configured, if the bit width of the 3rd downlink assignment index in DCI format 0_3 for one HARQ-ACK codebook is not equal to that of the 3rd downlink assignment index in DCI format 0_3 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 3rd downlink assignment index until the bit width of the 3rd downlink assignment index in DCI format 0_3 for the two HARQ-ACK codebooks are the same.
      …



As analyzed above, we have below proposals: 
Proposal 1: Simultaneous configuration of both multicast reception and multi-cell scheduling for a UE is supported.
Proposal 2: 3rd DAI for multicast is included in DCI format 0_3.
Proposal 3: Endorse above TP1.


2.2 On DL DAI definition

For Type-2 HARQ-ACK codebook, there is one open issue on DAI counting. In legacy single cell scheduling operation, one DCI schedules one serving cell and DAI is associated with the scheduled cell. For multi-cell scheduling, one DCI format 1_3 schedules multiple serving cells. One of co-scheduled cells should be selected for determining DAI order. In RAN1#112 meeting, the agreement is to use the scheduled cell with smallest serving cell index for DAI counting.

Agreement
For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.

Agreement
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· It is up to gNB implementation to resolve the last DCI format issue when both DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cell.

Agreement
For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.


In TS38.213-i00, regarding the definition of counter DAI for a DCI format scheduling more than one serving cells, the spec is listed below.
	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 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 .





As shown in the above spec, where “the more than one serving cells” is mentioned multiple times, it causes ambiguity since each DCI format schedules PDSCH receptions on respective more than one serving cells and it is not clear which DCI format the “more than one serving cells” corresponds to. 
To follow the spirit of RAN1#112 agreement, a reference cell with smallest serving cell index among the set of co-scheduled cells is needed to make spec clearer. 
Therefore, we have below TP2:
· Reason for change: Current spec on DAI counting for PDSCH reception on more than one serving cells is not clear due to existence of multiple DCI formats with each scheduling PDSCH receptions on respective more than one serving cells. 
· Summary of change: A reference cell based on RAN1#112 agreement is used for DAI counting for DCI format 1_3s.
· Consequence if not approved: The spec on DAI counting for PDSCH reception on more than one serving cells is not clear.
TP2:
	Cited from 9.1.3.1 Type-2 HARQ-ACK codebook in physical uplink control channel in TS38.213-i00
…
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 in a same HARQ-ACK codebook, denotes the accumulative number of {reference 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 cellsreference serving cell and current PDCCH monitoring occasion, where the reference serving cell is with smallest index of the respective more than one serving cell,
-	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 {reference serving cell with smallest index from the more than one serving cells, PDCCH monitoring occasion} pair,
-	second in ascending order of the smallest reference serving cell index from the more than one serving cells, and 
-	third in ascending order of PDCCH monitoring occasion index , where .
…



As analyzed above, we have below proposals: 
Proposal 4: Endorse above TP2.

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 TP3:
· 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.
TP3:
	Cited from Section 9 in TS38.213-i00:
[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 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 cells that are associated with a same PUCCH group. The UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and MC-DCI-SetofCells on the same or different cells within a same PUCCH group.
…



As analyzed above, we have below proposals: 
Proposal 5: Endorse above TP3.

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-i00 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 TP4:
· 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.
TP4:
	Cited from Section 9 in TS38.213-i00:
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 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 cells that are associated with a same PUCCH group. The UE does not expect to be configured both pdsch-TimeDomainAllocationListForMultiPDSCH and MC-DCI-SetofCells on the same or different cells within a same PUCCH group.
…



As analyzed above, we have below proposals: 
Proposal 6: Endorse above TP4.

2.5 On BWP indicator

In RAN1#111 meeting, RAN1 agreed that BWP indicator is a Type-1A field for multi-cell scheduling DCI format. Since different cells in same cell set may be configured with different number of BWPs, the size of the BWP indicator in DCI format 0_3/1_3 should be determined based on the maximum number of BWPs among the cells in same cell set. One remaining issue is how to interpret the invalid code points of the BWP indicator for a cell configured with smaller number of BWPs in the cell set. Considering the legacy DCI format can also be used to switch the active BWP for each cell, it is not necessary to optimize the function of BWP indicator in DCI format 0_3/1_3. 
Hence, a straightforward way to handle aforementioned issue is to define a simple rule like UE does not perform BWP switching if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for a cell.
Proposal 7: UE does not perform BWP switching for a cell if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for the cell.

2.6 On TBoMS support

TBoMS is introduced in Rel-17 UL coverage enhancement which is targeted for improving UL coverage via one TB transmitted over multiple slots. For Rel-18 UL multi-cell scheduling, the intention is to use a single DCI for joint scheduling multiple UL serving cells for increasing data rate via CA and reducing DCI overhead via joint scheduling. For a UE in UL coverage limited case, it does not make sense to configure UL CA for the UE. Hence, we think TBoMS and multi-cell scheduling are targeted for separate use cases and should not be supported simultaneously.
Proposal 8: Simultaneous configuration of both TBoMS and multi-cell scheduling for a UE is not supported.


3. Conclusion
In this contribution, we focus on the remaining open issues on multi-cell scheduling and have below observations and proposals:
Proposal 1: Simultaneous configuration of both multicast reception and multi-cell scheduling for a UE is supported.
Proposal 2: 3rd DAI for multicast is included in DCI format 0_3.
Proposal 3: Endorse above TP1.
Proposal 4: Endorse above TP2.
Proposal 5: Endorse above TP3.
Proposal 6: Endorse above TP4.
Proposal 7: UE does not perform BWP switching for a cell if the BWP indicator in DCI format 0_3/1_3 indicates an invalid code point for the cell.
Proposal 8: Simultaneous configuration of both TBoMS and multi-cell scheduling for a UE is not supported.
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