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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 RAN1#114bis meeting, we focused on several key issues for multi-carrier scheduling via single DCI, including UE behaviour when the reference cell transfers to dormancy or is deactivated, the indication mechanisms of SCell dormancy, MCS field repurposing for enhanced Type-3 HARQ-ACK codebook indication, etc.[2] In this contribution, we focus on the remaining issues and text proposals on multi-cell scheduling. 
Discussion
Simultaneous configuration of coverage enhancement and MC scheduling
In order to improve the coverage of uplink channel so that to protect current investment and fortify the quality of service, many mechanisms are specified which have been studying since Rel-17. 
· Scheme#17-1: Enhancements on PUSCH repetition type A, which includes enlarging the maximum repetition number of PUSCH repetition type A and counting PUSCH repetition only on the available slot.
· Scheme#17-2: TB processing over multi-slot PUSCH, which means a single TB is jointly coded and transmitted on N consecutive slots.
· Scheme#17-3: Joint channel estimation for PUSCH and PUCCH, which means gNB conducts channel estimation across several consecutive slots if certain conditions are satisfied.
· Scheme#17-4: Dynamic PUCCH repetition indication, which means gNB informs a UE the number of repetitions via PRI.
· Scheme#17-5: Type A PUSCH repetition for Msg3, which means gNB can indicate a Rel-17 CE UE to transmit Msg3 PUSCH with repetition or without repetition.
· Scheme#18-1: PRACH coverage enhancement, which means repeated preamble transmission is supported.
· Scheme#18-2: Power domain enhancement, which focuses on UE power high limit for CA/DC and MPR/PAR reduction.
· Scheme#18-3: Dynamic switching between DFT-S-OFDM and CP-OFMD, which means gNB can dynamically indicate what kind of waveform is used for PUSCH transmission.

Considering multi-carrier scheduling can only be enabled for RRC CONNECTED UE, scheme#17-5 and scheme#18-1 are irrelevant to multi-carrier scheduling. Scheme#18-2 is mainly handled by RAN4 and RAN2 hence it has no impacts on RAN1 procedure.

For scheme#17-1 to scheme#17-4, the enabler of these coverage enhancement techniques is whether the UE is provided with relevant higher layer parameters carried by PUSCH-Config and PUCCH-Config for PUSCH and PUCCH respectively. In the other words, if a UE is capable of Rel-17 coverage enhancement technology and is configured with the necessary RRC parameters, it can naturally adopt target coverage enhancement mechanism suitable to the uplink transmission on the carrier, i.e., enhanced Type-A repetition for PUSCH, TBoMS for PUSCH, dynamic indication for PUSCH repetition and joint channel estimation across consecutive slots.

Proposal 1: Mechanisms of Rel-17 coverage enhancement for PUSCH and PUCCH can be applied to the PUSCH/PUCCH scheduled by MC DCI format.

Different from the aforementioned coverage enhancement techniques, support of dynamic switching between DFT-S-OFDM and CP-OFDM needs to introduce new information field in DCI format 0_3.  According to the agreement under the umbrella of dynamic switching between DFT-S-OFDM and CP-OFDM, transform precoder indicator information field is introduced for DCI format 0_1 and DCI format 0_2, which indicates the waveform used for PUSCH transmission. It is obvious that the following relevant issues need to be nailed down:
· RAN1s need to discuss the information filed type.
· Additional higher layer parameter which configures whether and how to configure transform precoder indicator within DCI format 0_3 needs further discussion.

Before making the decision whether DWS indication is included in DCI format 0_3 or not, we need to look into how strong the motivation is. DWS has been perfectly supported via DCI format 0_1 and DCI format 0_2. If DWS is strongly required due to the shortage of uplink coverage, it may be not a typical scenario for deployment of multi-carrier scheduling via MC DCI. More importantly, the scheduled cell within a cell set can also be scheduled via DCI format 0_1 and DCI format 0_2, which means DWS is still available even a cell can be scheduled by MC DCI. Furthermore, considering there are several techniques which can improve uplink coverage along with multi-carrier scheduling, it makes inclusion of DWS in DCI format 0_3 even less attractive.

The motivation of defining MC DCI is to reduce PDCCH overhead via package the scheduling information for different serving cells into a single DCI. Simultaneous support for multi-carrier scheduling and other features is not the target at the very beginning. This principle has been used to determine which feature can be supported together with MC scheduling and should be keep in mind when we look into DWS for DCI format 0_3. Some examples are provided in the list shown below:
· Multi-PDSCH scheduling
· Multi-PUSCH scheduling
· M-TRP
· MBS

Proposal 2: There is no necessity to include transform precoder indicator in DCI format 0_3.
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. However, how to interpret Type-1A field for each scheduled serving cell has not been determined yet. Taking the field ChannelAccess-Cpext-CAPC in DCI format 0_3 as an example, the corresponding definition is shown as below [5]:
	[bookmark: _Hlk142051441]ChannelAccess-CPext-CAPC –bits applying to the scheduled cells with  independently, 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 defined by the following:
· 0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter ul-AccessConfigListDCI-0-1 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 7.3.1.1.2-35 or Table 7.3.1.1.2-35A are configured by the higher layer parameter ul-AccessConfigListDCI-0-1


For a scenario where the scheduled cell set includes {Cell#1, Cell#2, Cell#3, Cell#4}, and where the corresponding  for cell  is summarized in Table 1, the bitwidth for the field ChannelAccess-CPext-CAPC is 3 bits according to the aforementioned definition.
[bookmark: _Ref142403470][bookmark: _Hlk142400983]Table 1 The occupied bits  of cell r
	Cell#r
	

	1
	         2

	2
	         3

	3
	         3

	4
	         1


If the DCI format 0_3 schedules {Cell#1, Cell#2} and if the field ChannelAccess-CPext-CAPC indicates “101”, it is unclear on how a MC UE interprets this field for Cell#1 as “101” exceeds the configured value range for this cell. To solve this problem, the UE can derive information of channel access type and CP extension via the 2 least significant bits of “101”, i.e., “01”for the scheduled cells.
Proposal 3: MC UE interprets Type-1A field with  LSB of bits if the configured bit width for cell#r is smaller than   .

Generally speaking, there are more than 10 information fields belong to type 1A field or can be configured as type 1A field for DCI format 0_3 and DCI format 1_3 respectively, which are summarized in Table 2.
Table 2 Summary of Type 1A fields in DCI format 0_3 and DCI format 1_3
	DCI format 0_3
	DCI format 1_3

	Identifier for DCI formats
	Note 1: Precoding information and number of layers, Antenna port(s) and SRS resource indicator are type 3 field which can be configured as type 1A field.

Note 2: Cyan colour means there is no ambiguity on the bit length as it is deterministic for the cell set.

Note 3: Yellow colour means there is ambiguity on determining bit length.

Note 4: Green colour means the bit length of this information fields is determined by the maximum bit length among serving cells within the same cell set, i.e. .
	Identifier for DCI formats
	Note 1: Precoding information and number of layers, Antenna port(s) and SRS resource indicator are type 3 field which can be configured as type 1A field.

Note 2: Cyan colour means there is no ambiguity on the bit length as it is deterministic for the cell set.

Note 3: Yellow colour means there is ambiguity on determining bit length.

Note 4: Green colour means the bit length of this information fields is determined by the maximum bit length among serving cells within the same cell set, i.e. .

	Bandwidth part indicator
	
	Bandwidth part indicator
	

	Frequency hopping flag
	
	VRB-to-PRB mapping
	

	1st downlink assignment index
	
	PRB bundling size indicator
	

	2st downlink assignment index
	
	Downlink assignment index
	

	SRS resource indicator
	
	TPC command for scheduled PUCCH
	

	Precoding information and number of layers
	
	PUCCH resource indicator
	

	Antenna port(s)
	
	PDSCH-to-HARQ_feedback timing indicator
	

	beta_offset indicator
	
	One-shot HARQ-ACK request
	

	DMRS sequence initialization
	
	Enhanced Type 3 codebook indicator
	

	ChannelAccess-CPext-CAPC
	
	HARQ-ACK retransmission indicator
	

	Open-loop power control parameter set indication
	
	Antenna ports
	

	Priority indicator
	
	DMRS sequence initialization
	

	
	
	Priority indicator
	

	
	
	ChannelAccess-CPext
	

	
	
	PUCCH Cell indicator
	



As mentioned above, it is typical that 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.
· Bandwidth part indicator
· PDSCH-to-HARQ_feedback timing indicator
· ChannelAccess-CPext

Take ChannelAccess-CPext in DCI format 1_3 in the latest CR of TS38.212 as example, the definition is captured 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.


However, ChannelAccess-CPext field in DCI format 1_3 was agreed to be Type-1A field in RAN1#112 meeting [6]. 
	Agreement
· ChannelAccess-Cpext in DCI format 1_X belongs to Type-1A field. 
· The indicated channel access information is applied to the PUCCH and/or SRS (whichever is first).
· ChannelAccess-Cpext-CAPC in DCI format 0_X belongs to Type-1A field. 
· The indicated code point is applied to all the co-scheduled PUSCHs and/or SRS (whichever is first) by DCI format 0_X.



Hence, the current wording in TS38.212 does not reflect the intention of the above agreement. In the other words, the bit width of ChannelAccess-Cpext should be determined by the largest value among the bit width for each cell belonging to the same cell set.  Accordingly, we have the following text proposal so as to better reflect the spirit of Type-1A field:
	· [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.



Similarly, the bit width determination for bandwidth part indicator and PDSCH-to-HARQ_feedback timing indicator should be updated as well, in order to be consistent with the other type 1A fields and better reflect RAN1 agreement.

Text proposal#1: 
Change reason: The procedure of determining bit width for bandwidth part indicator, PDSCH-to-HARQ_feedback timing indicator and ChannelAccess-CPext is inconsistent with other type 1A information field. 
Change summary: Align the procedure of determining bit width for bandwidth part indicator, PDSCH-to-HARQ_feedback timing indicator and ChannelAccess-CPext with other type 1A information fields.
Consequence if not approved: Different UE behaviours on determining bit width for different type 1A fields, which increase UE complexity.
	[bookmark: _Toc146106268]7.3.1.1.4	Format 0_3
-----------------------omitted text-----------------------
-	Bandwidth part indicator – 0, 1 or 2 bits determined as , where bits applying to the scheduled cells with  independently, 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 defined by the following:
0, 1 or 2 bits by the number of UL BWPs  configured by higher layers, excluding the initial UL bandwidth part. The bitwidth for this field is determined as , where
- 𝑛𝐵𝑊𝑃=𝑛𝐵𝑊𝑃,𝑅𝑅𝐶+1 if 𝑛𝐵𝑊𝑃,𝑅𝑅𝐶≤3, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	 if ,  is the maximum number of UL BWPs configured by higher layers, excluding the initial UL bandwidth part, across all the cells configured by higher layer parameter ScheduledCell-ListDCI-0-3 in the scheduled cell set, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	otherwise , in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
The field is only applicable to a scheduled cell with the number of configured UL BWPs larger than 1, including the initial UL bandwidth part, and is applied to the applicable scheduled cells in the scheduled cell set independently. If a UE does not support active BWP change via DCI, the UE ignores this bit field.
-----------------------omitted text-----------------------

7.3.1.2.4 Format 1_3
-----------------------omitted text-----------------------
-	Bandwidth part indicator – 0, 1 or 2 bits determined as , where 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 or 2 bits as determined by the number of DL BWPs  configured by higher layers, excluding the initial DL bandwidth part. The bitwidth for this field is determined as  bits, where
- 𝑛𝐵𝑊𝑃=𝑛𝐵𝑊𝑃,𝑅𝑅𝐶+1 if 𝑛𝐵𝑊𝑃,𝑅𝑅𝐶≤3, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	 if ,  is the maximum number of UL BWPs configured by higher layers, excluding the initial DL bandwidth part,  across all the cells configured by higher layer parameter ScheduledCell-ListDCI-1-3 in the scheduled cell set, in which case the bandwidth part indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
-	otherwise , in which case the bandwidth part indicator is defined in Table 7.3.1.1.2-1;
The field is only applicable to a scheduled cell with the number of configured UL BWPs larger than 1, including the initial UL bandwidth part, and is applied to the applicable scheduled cells in the scheduled cell set independently. If a UE does not support active BWP change via DCI, the UE ignores this bit field
-----------------------omitted text-----------------------

-	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.
	If higher layer parameter priorityIndicatorDCI-1-3 is configured, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 for the other HARQ-ACK codebook on the same cell for PUCCH transmission, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 for the two HARQ-ACK codebooks are the same.
	If higher layer parameter pucch-sSCellDynDCI-1-3 is configured, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 associated with one cell for PUCCH transmission is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 associated with the other cell for PUCCH transmission, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_3 associated with the two cells are the same.
-----------------------omitted text-----------------------

· 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 serving cell 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.
-----------------------omitted text-----------------------



Proposal 4: Adopt Text proposal#1 to achieve a unified solution on determining bit width for type 1A fields.

2.1.2 Clarification on CSI request field
CSI request field is Type-1C field. It is captured in TS38.212 as below[5]:
	[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: _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. [3] 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.

Proposal 5: 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.

Regarding to how to interpret CSI request field carried by DCI format 0_3, we achieved an agreement in RAN1#112 meeting which concluded that CSI request is a type-1C information field.
	Agreement
CSI request in DCI format 0_X belongs to Type-1C field.
·  This field is applied to the cell with smallest serving cell index among the co-scheduled cells.


However, CSI request field is used to trigger a state for aperiodic CSI measurement and reporting, which is associated with a combination of CSI reporting targeting different serving cells. The signalling and indication flow of CSI request is shown in Figure 1.


Figure 1: Signalling and indication flow of CSI request
According to the legacy logic, a DCI format carrying CSI request field which is transmitted on a serving cell can be used to trigger aperiodic CSI report on several serving cells. Based on the definition of Type-1C field, CSI request cannot be used to trigger any aperiodic CSI report on any serving cell within the cell set except the one with smallest cell index among co-scheduled cells. On the other hand, we don’t really see the necessity to have this restriction on CSI request.

Proposal 6: Clarify that UE ignores CSI request field if the target cell is not the cell with smallest cell index among co-scheduled cells.
2.1.3 Clarification on the DCI size alignment on the reference cell
In the latest CR for TS38.212 [5], 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#2: 
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-----------------------



Proposal 7: Adopt text proposal#2 for clause 7.3.1.0 of TS 38.212.

TP for TS38.213
It was agreed that the Type-2 HARQ-ACK codebook should be separately generated for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. Hence, new pseudo code for generating Type-2 HARQ-ACK codebook is provided in the latest version of TS38.213. Compared with legacy Type-2 HARQ-ACK codebook generation, MC UE needs to guarantee each HARQ-ACK bit corresponding to each scheduled cell within the same cell set can be correctly placed in the codebook, assuming same counting DAI and total DAI is applied to the cell set. Hence, the following procedure is specially considered and captured in the pseudo code:
· Cell set circling under monitoring occasion circles
· Cell circling under cell set circles
· Zero padding to the HARQ-ACK bits for each cell set so that gNB and UE can have common understanding on the number of HARQ-ACK bits for each cell set once DCI missing happens.
Although the current procedure reflects the spirit of the agreements pretty well, there are several issues need to be discussed/resolved.
Text proposal#3: 
The parameter  is used to determine the number of cell circles within a cell set in the pseudo code. Obviously, it denotes the maximum number of cells within a cell set. The condition ‘across the number of sets of serving cells’ is neither relevant with  nor helpful for reading. All in all, it is redundant and can be removed. Hence, we propose to adopt the following text proposal to make specification more readable.
Change reason:  denotes the maximum number of cells can be scheduled within a cell set, instead of the number of cells across different cell sets.
Change summary: Delete the irrelevant wording, i.e. ‘across the number of sets of serving cells’.
Consequence if not approved: Readers may misunderstand that  is defined across different cell sets.

	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
-----------------------omitted text-----------------------
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. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]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  – index of sets of serving cells, 
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 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
-----------------------omitted text-----------------------



Proposal 8: Adopt text proposal#3 for clause 9.1.3.1 of TS 38.213.

Text proposal#4: 
In RAN1#110bis meeting, the following agreement was achieved. 
	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.


According to the above agreement, multi-PDSCH scheduling on any cell from the more than one cell scheduled by DCI format 1_3 is not supported. Furthermore, UE only needs to generate HARQ-ACK bits for PDSCH with enabled HARQ-ACK information, which is missing if harq-ACK-spatialBundlingPUCCH is not provided. It should be noticed that the condition of ‘a HARQ process with enabled HARQ-ACK information’ has been correctly addressed for the branch with harq-ACK-spatialBundlingPUCCH. Hence, we propose the text proposal#4.
Change reason: Multi-PDSCH scheduling is not supported for multi-carrier scheduling with single DCI. UE only needs to generate ACK/NACK bits for the HARQ process with enabled HARQ-ACK information.
Change summary: 1) Clarify the more than one PDSCH scheduled by DCI format are scheduled on respective more than one serving cells. 2) Capture the condition that UE only needs to generate ACK/NACK bits for HARQ process with enabled HARQ-ACK information.
Consequence if not approved: Misunderstanding on the Type-2 HARQ-ACK codebook between gNB and UE.

	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
-----------------------omitted text-----------------------
Set  to the number of PDCCH monitoring occasions
while 
[bookmark: OLE_LINK2]if harq-ACK-SpatialBundlingPUCCH is not provided,
while 
if there is more than one PDSCH providing a transport block for a HARQ process with enabled HARQ-ACK information on a respective more than one serving cells from the set  of serving cells associated with PDCCH in PDCCH monitoring occasion   
if 
; 
end if
; 
if 
; 
else 
;
end if
; 
; 
-----------------------omitted text-----------------------
end if
; 
while   
end while
end while
;
Else 
-----------------------omitted text-----------------------
end while
-----------------------omitted text-----------------------


Proposal 9: Adopt text proposal#4 for clause 9.1.3.1 of TS 38.213.

Text proposal#5: 
In RAN1#114bis meeting, it was agreed that both DCI format 0_3 and DCI format 1_3 can be used to indicate SCell dormancy, which is shown as below. However, DCI format 0_3 and DCI format 1_3 is missing in the description of SCell dormancy in TS38.213, version i00.
	Agreement
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.



Change reason: SCell dormancy indication Case 1 is supported for both DCI format 0_3 and 1_3. SCell dormancy indication Case 2 is supported for DCI format 1_3. However, DCI format 0_3 and DCI format 1_3 are missing for SCell dormancy operation in the current TS38.213.
Change summary: Include DCI format 0_3 and DCI format 1_3 for SCell dormancy operation.
Consequence if not approved: Incomplete functionality for SCell dormancy.

	[bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404][bookmark: _Toc29894837][bookmark: _Toc29899136][bookmark: _Toc29899554][bookmark: _Toc29917291][bookmark: _Toc36498165][bookmark: _Toc45699191][bookmark: _Toc146214415]-----------------------omitted text-----------------------

9.1 HARQ-ACK codebook determination
-----------------------omitted text-----------------------

If a UE detects a DCI format 1_1 or DCI format 1_3 indicating 
-	SCell dormancy without scheduling a PDSCH reception for a cell, as described in clause 10.3, and
-	is provided pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16
the UE generates a HARQ-ACK information bit as described in clause 9.1.3 for a DCI format 1_1 or DCI format 1_3 indicating SCell dormancy and the HARQ-ACK information bit value is ACK.
-----------------------omitted text-----------------------

10.3   PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
-----------------------omitted text-----------------------
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1, and DCI format 1_1, DCI format 0_3 and DCI format 1_3 and if one or both any of DCI format 0_1 and, DCI format 1_1, DCI format 0_3 and DCI format 1_3 include a SCell dormancy indication field, 
-	the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells, provided by dormancyGroupWithinActiveTime, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured Scells
-	if the UE detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0, and if the DCI format 0_1 does not indicate UL grant Type 2 release nor deactivate semi-persistent CSI report(s) on PUSCH, or if the DCI format 1_1 does not indicate SPS PDSCH release, or if the UE detects a DCI format 0_3 or a DCI format 1_3
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for each activated SCell in the corresponding group of configured SCells, 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 a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1 or DCI format 1_3, and if
-	the CRC of DCI format 1_1 or DCI format 1_3 is scrambled by a C-RNTI or a MCS-C-RNTI, and if 
-	a one-shot HARQ-ACK request 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 scheduling the primary cell, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field for the primary cell 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 are equal to 1, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field for the primary cell 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 are equal to 0 or 1, or
· resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field for the primary cell in DCI format 1_3 are equal to 0 or 1
the UE considers the DCI format 1_1 or DCI format 1_3 as indicating SCell dormancy, not scheduling a PDSCH reception or not scheduling PDSCH reception for the cell with invalid FDRA value, 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)
-	DMRS sequence initialization 
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.

A UE is expected to provide HARQ-ACK information in response to a detection of a DCI format 1_1 or a DCI format 1_3 indicating SCell dormancy after  symbols from the last symbol of a PDCCH providing the DCI format 1_1 or DCI format 1_3. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing the DCI format 1_1 or DCI format 1_3,  for ,  for , and  for ; otherwise,  for ,  for ,  for ,  for ,  for , and  for , where  is the smallest SCS configuration between the SCS configuration of the PDCCH providing the DCI format 1_1 or DCI format 1_3 and the SCS configuration of a PUCCH with the HARQ-ACK information in response to the detection of the DCI format 1_1 or DCI format 1_3.
-----------------------omitted text-----------------------



Proposal 10: Adopt text proposal#5 for clause 9.1 and 10.3 of TS 38.213.

TP for TS38.214
In the latest version of RAN1 UE feature list, UE can report the supported carrier type for scheduling cell and co-scheduled cells, i.e. {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2}.[R1-2308521] Obviously a multi-carrier capable UE can works on unlicensed spectrum. 
On the other hand, it was agreed that DCI format 0_3 and DCI format 1_3 include the information fields related to NR-U, e.g. ChannelAccess-CPext-CAPC, One-shot HARQ-ACK request, ChannelAccess-CPext, which are already captured in the latest version of TS38.212. Especially, TS38.212 already captures uplink resource allocation type 2 along with FDRA description for DCI format 0_3. [TS38.212] 

In order to make uplink resource allocation type 2 completion and consistent with other specification, we propose text proposal#5.
Text proposal#6
Change reason: Incomplete definition of uplink resource allocation type 2 and inconsistent with other specification.
Change summary: Add DCI format 0_3 in the DCI format list which can schedule uplink transmission with uplink resource allocation type 2.
Consequence if not approved: Inconsistence between TS38.212 and TS38.214.
	-----------------------omitted text-----------------------
[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343][bookmark: _Toc36645573][bookmark: _Toc45810618][bookmark: _Toc146641087]6.1.2.2.3	Uplink resource allocation type 2
In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to a UE a set of up to M interlace indices, and for DCI 0_0 monitored in a UE-specific search space and, DCI 0_1 and DCI 0_3 a set of up to  contiguous RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. Within the active UL BWP, the assigned physical resource block  is mapped to virtual resource block  For DCI 0_0 monitored in a UE-specific search space and, DCI 0_1 and DCI 0_3, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. For DCI 0_0 monitored in a common search space, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and a single uplink RB set of the active UL BWP. For DCI 0_0 monitored in a CSS with CRC scrambled by an RNTI other than TC-RNTI, the uplink RB set is the lowest indexed one amongst uplink RB set(s) that intersects the lowest-indexed CCE of the PDCCH in which the UE detects the DCI 0_0 in the active downlink BWP. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the uplink RB set of a PUSCH when scheduled by DCI 0_0 monitored in a CSS with CRC scrambled by an RNTI other than TC-RNTI, the CORESET with lower ID among two CORESETs associated with two PDCCH candidates is used. If there is no intersection, the uplink RB set is RB set 0 in the active uplink BWP. For DCI 0_0 with CRC scrambled by TC-RNTI, the uplink RB set is the same one in which the UE transmits the PRACH associated with the RAR UL grant, in which case the UE assumes that the uplink RB set is defined as when the UE is not configured with intraCellGuardBandsUL-List (see Clause 7).


For µ=0, the X=6 MSBs of the resource block assignment information indicates to a UE a set of allocated interlace indices  , where the indication consists of a resource indication value (RIV). For  ,  the resource indication value corresponds to the starting interlace index m0 and the number of contiguous interlace indices (). The resource indication value is defined by:
if  then

else


For  , the resource indication value corresponds to the starting interlace index m0 and the set of values  according to Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}



For µ=1, the X=5 MSBs of the resource block assignment information comprise a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Clause 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.
For DCI 0_0 monitored in a UE-specific search space and, DC 0_1 and DCI 0_3 for both µ=0 and µ=1, the  the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_0 monitored in a UE-specific search space, DCI 0_1, DCI 0_3 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (). For  ,  the resource indication value corresponds to the starting RB set index  and the number of contiguous RB sets . The resource indication value is defined by;
if  then
 
else
 
where ,  and shall not exceed 
If transform precoding is enabled according to the procedure in Clause 6.1.3, then the UE transmits PUSCH on the lowest-indexed  PRBs amongst the PRBs indicated by the frequency domain resource assignment information.  is the largest integer not greater than the number of RBs indicated by the frequency domain resource assignment information that fulfils the conditions in Clause 6.3.1.4 of [4, TS 38.211].
-----------------------omitted text-----------------------



Proposal 11: Adopt text proposal#6 for clause 6.1.2.2.3 of TS 38.214.






















































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: Mechanisms of Rel-17 coverage enhancement for PUSCH and PUCCH can be applied to the PUSCH/PUCCH scheduled by MC DCI format.
Proposal 2: There is no necessity to include transform precoder indicator in DCI format 0_3.
Proposal 3: MC UE interprets Type-1A field with  LSB of bits if the configured bit width for cell#r is smaller than   .
Proposal 4: Adopt Text proposal#1 to achieve a unified solution on determining bit width for type 1A fields.
Proposal 5: 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 6: Clarify that UE ignores CSI request field if the target cell is not the cell with smallest cell index among co-scheduled cells.
Proposal 7: Adopt text proposal#2 for clause 7.3.1.0 of TS 38.212.
Proposal 8: Adopt text proposal#3 for clause 9.1.3.1 of TS 38.213.
Proposal 9: Adopt text proposal#4 for clause 9.1.3.1 of TS 38.213.
Proposal 10: Adopt text proposal#5 for clause 9.1 and 10.3 of TS 38.213.
Proposal 11: Adopt text proposal#6 for clause 6.1.2.2.3 of TS 38.214.
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