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Introduction
In RAN#94 e-meeting, new WID on Multi-carrier enhancements was officially approved. One of the objectives is to specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI. The detailed objective is excerpted as below: [1].
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling


In this contribution, we focus on the remaining issues and text proposals on multi-cell scheduling. 
Discussion
2.1 Remaining issues on MC DCI and TP for TS38.212
2.1.1 Type 1A information field
In previous meeting, Type-1A field is defined as a single field indicating common information to all the co-scheduled cells and the size of a Type-1A field is determined as the maximum field size of active BWPs among all cells within the set of cells.
	[bookmark: _Hlk153874873]Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.


 
In the other words, the bit length of type 1A information field is determined by the largest value among serving cells depending on the configuration of each individual carrier. However, the following information fields go with different way to determine bit width, which is not desirable.
· [bookmark: _Hlk162614922]PDSCH-to-HARQ_feedback timing indicator
· ChannelAccess-CPext

PDSCH-to-HARQ_feedback timing indicator:

The definition of PDSCH-to-HARQ_feedback timing indicator field in the latest CR of TS38.212 is captured as 
below [2]:
	PDSCH-to-HARQ_feedback timing indicator - 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as ⌈log_2 (I)⌉ bits, where I is the number of entries in the higher layer parameter dL-DataToUL-ACK.



However, the current wording in TS38.212 does not reflect the intention of the above agreement. In the other words, the bit width of PDSCH-to-HARQ_feedback timing indicator should be determined by the largest value among the bit width for each cell belonging to the same cell set. Additionally, the higher layer parameter dL-DataToUL-ACK is configured per BWP per scheduled cell, it is not clear which cell’s dL-DataToUL-ACK is adopted for determining the bit width. In order to better reflect the spirit of Type-1A field and to solve the ambiguity problem, we have the following text proposal:

Text proposal#1: 
Change reason:  The procedure of determining bit width for PDSCH-to-HARQ_feedback timing indicator is ambiguous, which is inconsistent with type 1A information field definition. 
Change summary: Align the procedure of determining bit width for PDSCH-to-HARQ_feedback timing indicator with type 1A information field definition.
Consequence if not approved: It is not clear which cell’s higher layer parameter dL-DataToUL-ACK is adopted for determining the bit width. 
	
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dL-DataToUL-ACK. bits applying to the scheduled cells with  independently, where  is the number of cells configured by higher layer parameter ScheduledCell-ListDCI-1-3 in the scheduled cell set,  is mapped to the cells according to an ascending order of a serving cell index with  corresponding to the cell with the smallest serving cell index, and  is defined by the following: 
· 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dL-DataToUL-ACK.
	



Proposal 1: Adopt Text proposal#1 to achieve a unified solution on determining bit width for PDSCH-to-HARQ_feedback timing indicator. 

ChannelAccess-CPext:

[bookmark: _Hlk162619962]The ChannelAccess-CPext in DCI format 1_3 in the latest CR of TS38.212 is defined as below:
	[bookmark: _Hlk142057521]ChannelAccess-CPext - 0, 1, 2, 3 or 4 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter ul-AccessConfigListDCI-1-1 or in Table 7.3.1.1.1-4A if channelAccessMode-r16 = "semiStatic" is provided, for operation in a cell with shared spectrum channel access in frequency range 1, or for operation in frequency range 2-2 if ChannelAccessMode2-r17 is provided; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 or Table 7.3.1.2.2-6A are configured by the higher layer parameter ul-AccessConfigListDCI-1-1.



Similar to the aforementioned analysis on PDSCH-to-HARQ_feedback timing indicator, the current version is vague about the procedure of bit width determination as it is not clear which cell’s higher layer parameter ul-AccessConfigListDCI-1-1 is used for ‘I’. Hence, we have the following text proposal:

Text proposal#2: 
Change reason:  The procedure of determining bit width for ChannelAccess-CPext is ambiguous, which is inconsistent with type 1A information field definition. 
Change summary: Align the procedure of determining bit width for ChannelAccess-CPext with type 1A information field definition.
Consequence if not approved: It is not clear which cell’s higher layer parameter ul-AccessConfigListDCI-1-1 is adopted for ‘I’. 

	· [bookmark: _Hlk142554914]ChannelAccess-CPext –bits applying to the scheduled cells with  independently, where  is the number of cells configured by higher layer parameter ScheduledCell-ListDCI-1-3 in the scheduled cell set,  is mapped to the cells according to an ascending order of a serving cell index with  corresponding to the cell with the smallest serving cell index, and  is defined by the following:
· 0, 1, 2, 3 or 4 bits. The bitwidth of  for this field is determined as ⌈log2(𝐼)⌉ bits, where I is the number of entries in the higher layer parameter ul-AccessConfigListDCI-1-1 or in Table 7.3.1.1.1-4A if channelAccessMode-r16 = "semiStatic" is provided, for operation in a cell with shared spectrum channel access in frequency range 1, or for operation in frequency range 2-2 if ChannelAccessMode2-r17 is provided; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 or Table 7.3.1.2.2-6A are configured by the higher layer parameter ul-AccessConfigListDCI-1-1.



Proposal 2: Adopt Text proposal#1 to achieve a unified solution on determining bit width for ChannelAccess-CPext. 



2.1.2 Clarification on CSI request field
CSI request field is Type-1C field. It is captured in TS38.212 as below[2]: 
	[bookmark: _Hlk141110275][bookmark: _Hlk141108543]CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize. This field is applied to the cell with the smallest serving cell index among the scheduled cells indicated by Scheduled cells indicator field or Frequency domain resource assignment field.


[bookmark: _Hlk159170359][bookmark: _Hlk142572084]Based on the aforementioned definition, the size of CSI request field is determined by higher layer parameter reportTriggerSize. Per our understanding, RAN1 doesn’t introduce any new higher layer parameter to configure the bit length of CSI request information fields, according to the latest RRC signalling list. [2] Therefore, the reportTriggerSize is configured per DCI format as the legacy mechanism, i.e. per DCI format 0_1 or per DCI format 0_2. It is unclear which reportTriggerSize should be used to determine the bit width of CSI request field in DCI format 0_3. To fix that problem, the following potential solutions can be considered:
· Option 1: Similar to Type-1A field, the size of CSI request is determined as maximum field size of active BWPs among the cells within the set of cells. To be specific, the size of CSI request is equal to:  bits, where is the number of cells configured by higher layer parameter ScheduledCell-ListDCI-0-3 in the scheduled cell set,   is mapped to the cells according to an ascending order of a serving cell index with corresponding to the cell with the smallest serving cell index, and   is 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize of serving cell .
· Option 2: Introduce a new higher layer parameter, e.g., reportTriggerSizeDCI-0-3. The parameter is configured per set of cells. To be specific, the bit width of CSI request field is determined by higher layer parameter reportTriggerSizeDCI-0-3, which can be 0, 1, 2, 3, 4, 5, or 6 bits.
· Option 3: Determine the size of CSI request via reportTriggerSize configured for the cell with the smallest serving cell index among the scheduled cells.

[bookmark: _Hlk159170838]Proposal 3: The following options can be considered to determine the bit width of CSI request field:
· Option 1: It is the maximum field size of active BWPs among the cells within the set of cells.
· Option 2: It is configured by the higher layer parameter reportTriggerSizeDCI-0-3.
· Option 3: It is determined by the reportTriggerSize configured for the cell with the smallest serving cell index among the scheduled cells.

2.1.3 Clarification on the DCI size alignment on the reference cell
In the latest CR for TS38.212 [4], if the serving cell for counting the size of one or both DCI format 0_3 and DCI format 1_3, the UE applies zero padding to whichever of DCI format 0_3 or 1_3 that has a smaller size until it equals to the larger one. However, step 4D is to align the payload size between DCI format 0_3 and DCI format 1_3. If only one MC DCI is counted on reference cell, i.e. DCI format 0_3 or DCI format 1_3, there is no need to conduct alignment procedure between DCI format 0_3 and DCI format 1_3. Besides, it was agreed that the sizes of DCI format 0_3 and DCI format 1_3 are counted on the same reference cell in RAN1#111 meeting as below:
	[bookmark: _Hlk142667120]Agreement
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which search space of DCI format 0_X/1_X is configured on and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· To address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply
· 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.


Hence, step 4D should be applied to the case wherein both DCI format 0_3 and DCI format 1_3 are counted on reference cell.
Text proposal#3: 
Change reason: The reference cell for DCI size counting is same for both DCI format 0_3 and DCI format 1_3. If only one of DCI format 0_3 and DCI format 1_3 is configured, step 4D is not needed.
Change summary: Delete the case that reference cell is only used for counting the size of one of DCI format 0_3 and DCI format 1_3.
Consequence if not approved: Unclear UE behaviour as there is only one DCI format.
	7.3.1.0   DCI size alignment
-----------------------omitted text-----------------------
Step 4D:
· If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps and the cell is the serving cell for counting the size of one or both DCI format 0_3 and DCI format 1_3 as defined in Clause 10.1 of [5, TS38.213], or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps and the cell is the serving cell for counting the size of one or both DCI format 0_3 and DCI format 1_3 as defined in Clause 10.1 of [5, TS38.213]
-----------------------omitted text-----------------------



[bookmark: _Hlk159170848]Proposal 4: Adopt text proposal#3 for clause 7.3.1.0 of TS 38.212.


Conclusion
In this contribution, we discuss remaining issues on Rel-18 multi-carrier PDSCH/PUSCH scheduling with a single DCI. Accordingly, we have the following proposal:

Proposal 1: Adopt Text proposal#1 to achieve a unified solution on determining bit width for PDSCH-to-HARQ_feedback timing indicator. 
Proposal 2: Adopt Text proposal#1 to achieve a unified solution on determining bit width for ChannelAccess-CPext. 
Proposal 3: The following options can be considered to determine the bit width of CSI request field:
· Option 1: It is the maximum field size of active BWPs among the cells within the set of cells.
· Option 2: It is configured by the higher layer parameter reportTriggerSizeDCI-0-3.
· Option 3: It is determined by the reportTriggerSize configured for the cell with the smallest serving cell index among the scheduled cells.
Proposal 4: Adopt text proposal#3 for clause 7.3.1.0 of TS 38.212.
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