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Introduction
In this contribution, we discuss remaining issues on multi-cell PUSCH/PDSCH scheduling with a single DCI in Rel-18 NR_MC_enh WI. This tdoc is a revision of R1-2309709.

Discussion
BD/CCE budget in CA case
	Agreements (RAN1#110bis-e):
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously.
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.



In the above agreement, one thing not clearly mentioned is whether or not a serving cell provided in MC-DCI-SetofCells can be configured to rely only on the multi-cell scheduling (i.e., no scDCI monitoring for the serving cell). In our understanding, such configuration is allowed in the current specification and it is natural to allow it as an implementation option. For example, as illustrated in Figure 1, a set of cells can be configured to include two serving cells with one serving cell (i.e., cell 2) as the reference cell, and UE may not be configured to monitor scDCI for the serving cells (i.e., cell 2 and cell 3). As a consequence, the number of BDs/CCEs counted for cell 3 would be zero, which is a new case to our understanding that was not considered until Rel-17.
Observation 1: It may be allowed to configure a serving cell provided in MC-DCI-SetofCells to rely only on the multi-cell scheduling (i.e., no scDCI monitoring for the serving cell).
Observation 2: For Rel-18 multi-cell scheduling, the number of BDs/CCEs monitored for a serving cell provided in MC-DCI-SetofCells can be zero, which is a new case that was not considered until Rel-17.
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Figure 1. A case where (# of BDs/CCEs) = 0 for a serving cell

In the CA case, the BD/CCE budget for a serving cell whose scheduling cell is with SCS configuration  is limited by , which is a function of the number of scheduled cells associated with the SCS configuration  and the total number of all aggregated cells.
	If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig, or is provided monitoringCapabilityConfig = r15monitoringcapability and is not provided coresetPoolIndex, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, 
[bookmark: _Hlk530114396]the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. …



For a Rel-18 UE that supports the mcDCI, one issue is whether or not to count “cell 3” in Figure 1 for determination of  and  for SCS configuration μ1 of the associated scheduling cell. If it is counted, one possible negative impact is unnecessary increase of the nominal number of scheduled cells for the BD/CCE counting, which may limit the per-cell BD/CCE budget when the number of cells exceeds the UE capability .
Figure 2 is an example for multi-cell scheduling where two sets of cells with different SCSs are configured. 1st set of cells include two serving cells corresponding to SCS configuration μ0 and 2nd set of cells include four serving cells corresponding to SCS configuration μ1. Let’s assume that mTRP scheme is not used in any of the serving cells, and  for simplicity. Also, assume that there is no single cell scheduling. Then, what UE only monitors is cell 1 and cell 3 for multi-cell scheduling to 1st set of cells and 2nd set of cells, respectively. The corresponding BDs/CCEs and the DCI sizes for the mcDCI monitoring are counted at cell 1 and cell 3 as reference cells.
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Figure 2. An example of multi-cell scheduling with two sets of cells

Since there is no additional PDCCH monitoring, the number of BDs/CCEs that UE actually monitors for the remaining cells, i.e., cell 2, cell 4, cell 5, and cell 6, would be zero. If those cells are nevertheless counted as scheduled cells (referred as Alt. 1), we have  and  per SCS configuration and  in total. Since the total number of cells exceeds , the maximum numbers of BDs and CCEs for SCS configuration μ0 are given by floor(2 * 44 * 2/6) = 29 and floor(2 * 56 * 2/6) = 37, respectively, which also limit the per-cell capability for cell 1. As a result, the PDCCH monitoring capability for cell 1 is unnecessarily decreased compared to the per-cell limit 44 and 56. If cell 1 is PCell or if more cells are aggregated, the problem would become severer.
An alternative way (referred as Alt. 2) is not to count those cells as scheduled cells in the BD/CCE budget calculation. In that case, we simply have  and  per SCS configuration and  in total. Because the total number of cells does not exceed , the BD/CCE limit for cell 1 is just the per-cell limit 44 and 56. Even in case where the total number of cells exceed , as the portion occupied by the SCS configuration μ1 is reduced, the budget can be well-distributed by reflecting the actual monitoring behaviour. Therefore, it seems desirable to consider Alt. 2 to extend the BD/CCE budget calculation for Rel-18 multi-cell scheduling capable UEs.
Proposal 1: For UEs capable of Rel-18 multi-cell scheduling, when the number of BDs/CCEs monitored is zero (i.e., there is no search space set configured) for a serving cell provided in MC-DCI-SetofCells, the serving cell is not counted as a scheduled cell in the BD/CCE budget calculation.

SCell dormancy indication
	Agreement (RAN1#114bis)
For MC-DCI, SCell dormancy indication Case 1 (for both DCI format 0-3 and 1-3) and Case 2 (only for DCI format 1-3) are supported.



In the last meeting, it was agreed to support both case 1 and case 2 SCell dormancy indications for mcDCI, While the TP for case 1 was agreed together, the details for case 2 is for further study.
For case 2, the unused fields for un-scheduled cell(s) (whose FDRA field set to all 1’s or all 0’s) can be re-purposed for the dormancy indication as was done in Rel-16. When there are multiple un-scheduled cells, one of them can be chosen based on their serving cell indices. The unused fields may at least include MCS, NDI, RV, and HARQ process number (of the 1st TB), and antenna ports field may also be used if it is configured as Type 2.
Proposal 2: For SCell dormancy indication based on DCI format 1_3, if there is at least one invalid FDRA field corresponding to un-scheduled cell(s), the SCell dormancy indication field is reserved and the following existing fields for a serving cell with the lowest serving cell index from the un-scheduled cell(s) are re-purposed for the dormancy indication
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if configured as Type 2
Proposal 3: Adopt the following TP for TS 38.212:
	7.3.1.2.4   Format 1_3
<unchanged text omitted>
· SCell dormancy indication - 0 bit if higher layer parameter dormancyDCI-1-3 or dormancyGroupWithinActiveTime is not configured; otherwise 1, 2, 3, 4, or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
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’, and all bits of frequency domain resource assignment for one or more serving cells in the scheduled cell set 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, this field is reserved and the following fields among the fields above corresponding to a serving cell with smallest serving cell index among the one or more serving cells are used for SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) if configured as Type 2
< unchanged text omitted>




Alignment of the list of serving cells between ScheduledCell-ListDCI-1-3/0-3 and ScheduledCellCombo-ListDCI-1-3/0-3
The following is an example configuration for Rel-18 multi-cell PDSCH scheduling, i.e., a set of cells and a list of candidate co-scheduled cells within the set of cells.
	· ScheduledCell-ListDCI-1-3
· {Serving cell index A, serving cell index B, serving cell index C}
· Correspond to scheduled cell index {0, 1, 2}, respectively.
· ScheduledCellCombo-ListDCI-1-3
· ScheduledCellCombo {0}
· ScheduledCellCombo {2}
· ScheduledCellCombo {0, 2}



In the above example, the serving cell with index B is not referred by any of scheduled cell combinations in ScheduledCellCombo-ListDCI-1-3. Then, the serving cell with index B is not schedulable via the multi-cell scheduling despite being configured as one of the scheduled cells. It is understood as a mis-configuration since there is no use case for it. Hence, we suggest clarifying in the specification that each serving cell is referred by at least one ScheduledCellCombo in the scheduled cell combination list.
Proposal 4: Clarify the followings in the specification (or in the RRC parameter list):
· Each serving cell configured in ScheduledCell-ListDCI-1-3 is referred by at least one ScheduledCellCombo in ScheduledCellCombo-ListDCI-1-3.
· Each serving cell configured in ScheduledCell-ListDCI-1-0 is referred by at least one ScheduledCellCombo in ScheduledCellCombo-ListDCI-1-0.

Joint issue with coverage extension
	FL proposal 1-2:
Dynamic waveform switching is supported for a UE configured with multiple UL carriers.
· This feature is subject to UE capability. FFS details. 



In the previous meeting, there were discussions for UL CA. In our understanding, supporting UL CA depends on a UE capability but it needs specification efforts because the Rel-18 UL CA introduced multi-carrier scheduling. For self-scheduling and cross-carrier scheduling, we do not see much issues about joint configurations with coverage enhancements. 
There are Rel-17 CE features and Rel-18 CE features, and we share views not supporting Rel-17 CE with DCI format 0_3. This is because the Rel-17 CE features are enabled/configured if a UE lies at the coverage edge. For example, PUSCH repetition type A, TBoMS for PUSCH, and DM-RS bundling target to lower the effective code rate. We think that the scenario for DCI format 0_3 includes a UE wants high throughput with less DCI overhead. If the UE requires reliability, then the serving cell may not configure joint multi-cell scheduling and instead may configure self-/cross-carrier scheduling.
Observation 3: It is not clearly justified that Rel-17 CE features may be configured in the DCI format 0_3.

However, the DWS in Rel-18 CE feature worth discussion because this feature can be configured for UEs in any locations. If UEs approaches the serving cell, then the TPI field can disable transform precoding, otherwise, the TPI field can enable transform precoding. One of motivations for DCI format 0_3 is from the reasoning that ULs to a single RxP experience similar fading and in turn resource assignments for each serving cell may be similar so that a single DCI can be sufficiently flexible. In our view, the DWS feature targets the same scenario and we also propose to support the TPI field in the DCI format 0_3, as many companies did since several meetings.
Proposal 5: Rel-18 DWS feature can be configured in the DCI format 0_3.

If the TPI field is supported, then the field type should be determined. For the maximal flexibility one bit is required per serving cell, and for the minimal flexibility one bit applies for all serving cells. Considering a trade-off, a TPI index may be applied for a subset of serving cells, which requires additional serving cell grouping. In our understanding this additional grouping may not bring much benefits because the link budget for each ULs would be better/worse altogether in most cases. 
Proposal 6: TPI field is configured as type 1A/1B if introduced in the DCI format 0_3.

Considering a UL CA using DCI format 0_3, a UE can apply resource assignments for the active UL BWP in activated serving cell(s). In turn, the deactivated serving cell in the scheduled cell set may not be scheduled, otherwise the UE can ignore this information field for the deactivated serving cell. In some cases, it may also occur invalid information are indicated from DCI format 0_3. 
For instance, a TPI field may cover a set of serving cells but BWP in some serving cells do not support DWS feature. We think that the UE may interpret the TPI field is absent.
[bookmark: _Ref146728265]Proposal 7: If the TPI field is present and is not applicable in the scheduled BWP of serving cell(s), then the TPI field can be ignored for the serving cell.
[bookmark: _GoBack]

Conclusion
In this contribution, based on discussions on remaining issues for multi-cell PUSCH/PDSCH scheduling with a single DCI, the following observations and proposals are drawn:
Observation 1: It may be allowed to configure a serving cell provided in MC-DCI-SetofCells to rely only on the multi-cell scheduling (i.e., no scDCI monitoring for the serving cell).
Observation 2: For Rel-18 multi-cell scheduling, the number of BDs/CCEs monitored for a serving cell provided in MC-DCI-SetofCells can be zero, which is a new case that was not considered until Rel-17.
Observation 3: It is not clearly justified that Rel-17 CE features may be configured in the DCI format 0_3.

Proposal 1: For UEs capable of Rel-18 multi-cell scheduling, when the number of BDs/CCEs monitored is zero (i.e., there is no search space set configured) for a serving cell provided in MC-DCI-SetofCells, the serving cell is not counted as a scheduled cell in the BD/CCE budget calculation.
Proposal 2: For SCell dormancy indication based on DCI format 1_3, if there is at least one invalid FDRA field corresponding to un-scheduled cell(s), the SCell dormancy indication field is reserved and the following existing fields for a serving cell with the lowest serving cell index from the un-scheduled cell(s) are re-purposed for the dormancy indication
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if configured as Type 2
Proposal 3: Adopt the following TP for TS 38.212:
	7.3.1.2.4   Format 1_3
<unchanged text omitted>
· SCell dormancy indication - 0 bit if higher layer parameter dormancyDCI-1-3 or dormancyGroupWithinActiveTime is not configured; otherwise 1, 2, 3, 4, or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
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’, and all bits of frequency domain resource assignment for one or more serving cells in the scheduled cell set 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, this field is reserved and the following fields among the fields above corresponding to a serving cell with smallest serving cell index among the one or more serving cells are used for SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) if configured as Type 2
< unchanged text omitted>



Proposal 4: Clarify the followings in the specification (or in the RRC parameter list):
· Each serving cell configured in ScheduledCell-ListDCI-1-3 is referred by at least one ScheduledCellCombo in ScheduledCellCombo-ListDCI-1-3.
· Each serving cell configured in ScheduledCell-ListDCI-1-0 is referred by at least one ScheduledCellCombo in ScheduledCellCombo-ListDCI-1-0.
Proposal 5: Rel-18 DWS feature can be configured in the DCI format 0_3.
Proposal 6: TPI field is configured as type 1A/1B if introduced in the DCI format 0_3.
Proposal 7: If the TPI field is present and is not applicable in the scheduled BWP of serving cell(s), then the TPI field can be ignored for the serving cell.
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