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Introduction
In RAN#98-e, an additional 1 TU was allocated to Rel-18 MC enh WI for RAN1 in Q1 2023 (RAN1#112 meeting), primarily to complete the work on single DCI scheduling multiple cells. 
[bookmark: _Hlk102043823]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 paper, we discuss the various aspects to finalize specifying the mc-DCI. The agreements on this topic so far are listed in Annex. 
[bookmark: _Ref178064866]Discussion

High-level design aspects 
CA is a native feature of NR supported from Rel15 and it is used for aggregating carriers with a wide variety of attributes depending on the specific deployment scenario. This flexibility provided by CA should be retained even when single DCI scheduling PUSCH/PDSCH on multiple cells (or mc-DCI) is used.
Maximum number of set of cells 

Below agreement was made in RAN1#111. 
Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.

The number of set of cells was one issue discussed in last RAN1 meeting. Considering that NR supports aggregation of up to 16 carriers, if one set has maximum four carriers, up to four sets need to be supported to enable maximal benefit from mc-DCI. Thus, having maximum one set would be an undesirable spec limitation. As shown in figure 1, for an eight-carrier aggregation case, considering full carrier scheduling, two mc-DCIs are needed within a slot to be able to simultaneously schedule all eight carriers using two groups, (4 cells per set).
[image: ]
Figure 1. Scheduling eight cells using two sets of four cells each from one scheduling cell. 

1. [bookmark: _Toc111209436][bookmark: _Toc115419427][bookmark: _Toc127540079]For multi-cell scheduling, maximum number of sets of cell(s) is four.

[bookmark: _Toc110862505][bookmark: _Toc110862593]DCI size handling and budgets
Next, we discuss DCI size handling and budgets. Following WA was made in last RAN1 meeting. 
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.


The DCI size for 0_X/1_X  is discussed considering DCI size budget, etc. As the above agreement shows, the DCI size budget is maintained on each cell of the set of cells, and DCI size of 0_X/1_X is counted one on one cell among the set of cells.
Below figure shows an example of the DCI size handling issue. If c1 is the scheduling cell and c1, c2, c3,c4 belong a set, then some example payload sizes are shown in the table below, wherein some payload sizes are also shown in unbolded font. For c1->c1, since DCI 1-X and DCI 0-X have 80- and 70-bits payload each, the existing DCI size budget may be exceeded. In this case it is simpler to explicitly configure the payload of DCI 0_X/1_X explicitly e.g. to 80 bits. Then, following existing specification, DCI size matching adjusts the sizes of DCI 1_1 and DCI 0_1 to be 60 bits for c1->c1. Thus, all size budgets can be satisfied very easily without unnecessary specification update for DCI size alignment of 38.212. 

Table 1. Illustration of DCI size budget handling for mc-DCI.
	
	DCI size (in bold)

	
	0-0/1-0
	1-1
	0-1
	1-X
	0-X

	c1->c1
	50
	55->60
	60
	80->80
	70->80

	c1->c2
	 
	56
	61
	80->80
	70->80

	c1->c3
	 
	57
	62
	80->80
	70->80

	c1->c4
	 
	58
	63
	80->80
	70->80



In case a scheduling cell is configured to schedule more than one set of cells for 0_X/1_X (as shown in Figure 1), a set index field can also be included in the DCI to distinguish the sets. 
Based on above, the below proposals are made. 
1. [bookmark: _Toc118378546][bookmark: _Toc127540080][bookmark: _Toc111209442][bookmark: _Toc115419430]For each set, size of mc-DCI (0_X/1_X) is explicitly configured by higher layers. 
1. [bookmark: _Toc111209443][bookmark: _Toc115419431][bookmark: _Toc127540081]Support independent configuration of mc-DCI for PUSCH and PDSCH, including different sets of cells for PUSCH and PDSCH.  
1. [bookmark: _Toc118378551][bookmark: _Toc118378552][bookmark: _Toc127540082]When a scheduling cell is configured to carry DCI format 1_X/0_X for more than one set of configured co-schedulable cells, a set index field is included in the DCI format 1_X/0_X.

mc-DCI format design 
RAN1 progressed the mc-DCI format design in RAN1#111 and agreed to list of fields that will be present in mc-DCI and RAN1 also listed the types for some fields in DCI format 0_X/1_A with details to be still finalized. Below we discuss some aspects that need to be considered for finalizing mc-DCI. 
A field in DCI to indicate the co-scheduled cells was agreed but details of indication is still open (look up table vs bit map. etc). Since a set has maximum four cells, a straightforward option for indicating the scheduled carriers is an explicit bitmap, wherein each bit indicates whether the DCI schedules PUSCH/PDSCH for the corresponding cell. Configuring a look up table could be done if scheduling a larger number of cells but given the maximum number of configurable cells is 4, bitmap seems sufficient.
1. [bookmark: _Toc115419439][bookmark: _Toc127540083]Use a bitmap for indication of co-scheduled cells by DCI format 0_X/1_X. 

FDRA is one of the largest fields in the DCI format and the balance between the flexibility and size should be considered for FDRA in the mc-DCI design. Our preference is to retain the flexibility to indicate different PRB assignments for the cells scheduled by mc-DCI. However, to reduce overhead, larger RBG size can be used for the PRB allocations. The RBG size to use for mc-DCI can be configured individually for the scheduled cells. For Type 1 allocation, as agreed in last RAN1 meeting, the larger granularity RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2 should be supported. 
The current RBG sizes for Type 0 resource allocation are as follows (from 38.214). 
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	[bookmark: _Hlk127281495]1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



Our preference is to add at least a third configuration with double the size of max RBG size. This means with 72 PRBs in BWP, the RA size per carrier in mc-DCI reduces from ~9 bits to 5 bits. This is needed mainly for BWs in upper range (e.g. >40+ PRBs).  
1. [bookmark: _Toc115419450][bookmark: _Toc127540084]For each cell, support separate configuration of RBG size(s) for resource allocation used for PUSCH/PDSCH scheduling using mc-DCI.
1. [bookmark: _Toc127540085]For Type 0 resource allocation for mc-DCI, support an additional RBG size configuration: 
6. [bookmark: _Toc127540086]RBG size of 8 for BWP size 1-36 PRBs
6. [bookmark: _Toc127540087]RBG size of 16 for BWP size 37-72 PRBs
6. [bookmark: _Toc127540088]RBG size of 32 for BWP size >72 PRBs

Details of TDRA table design are also pending (Type 1 was agreed in last meeting),
Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design

There are multiple options for designing a TDRA table for mc-DCI including the following:
1. For each cell, the legacy TDRA table (e.g. used for legacy DCI format 1-1/0-1) is reused for mc-DCI, and the joint TDRA index is used to look up the respective TDRA table in cell’s configuration
2. [bookmark: _Hlk127478271]For each cell, a separate per-cell TDRA table is configured for mc-DCI, and the joint TDRA index is used to look up the respective TDRA table in cell’s configuration
3. [bookmark: _Hlk127478669]A joint TDRA table is configured for all the cells in a set with each row in the table containing TDRA(s) for the cells in the set and the joint TDRA index is used to look up the joint TDRA table

An example for option 3 is shown below for case where there are two cells in the set. The TDRA index for each cell’s points into a TDRA table configured for that cell. 
	Joint TDRA index
	TDRA index cell 1
	TDRA index cell 2

	0
	0
	0

	1
	1
	1

	2
	2
	0

	3
	3
	1



In our view, each of the above listed options have their pros and cons, wrt overhead, scheduling flexibility and compatibility with RRC structure. Our preference at this point is option 3 since it could reduce signaling overhead while maintaining scheduling flexibility. 

1. [bookmark: _Toc127540089]For DCI format 1_X/0_X, a joint TDRA index table is configured for each set of cells with each row in the table containing TDRA index(es) for the respective cells in the set. 
7. [bookmark: _Toc127540090]TDRA index for a cell points to a corresponding TDRA in the higher layer configured TDRA table for the cell.
A similar formulation can be used for the fields such as Rate matching indicator, ZP CSI-RS trigger, SRS request, SRS offset indicator, TCI state, etc for which joint indication of separate information would be applicable. 
1. [bookmark: _Toc127540091]For each field (Rate matching indicator, ZP CSI-RS trigger, SRS request, SRS offset indicator, TCI state), the joint indexing for the field across cells in a set is as follows:  
8. [bookmark: _Toc127540092]A joint index table is configured for each set of cells with each row in the table containing index(es) for the respective cells in the set.
8. [bookmark: _Toc127540093]An index for a cell points to a corresponding entry in a high-layer configured list for that cell.
For priority indicator and beta offset indicator, we propose the following. 
1. [bookmark: _Toc127540094]For priority indicator in DCI format 1_X/0_X
9. [bookmark: _Toc127540095]The bit-field is same as in legacy DCI scheduling single PxSCH (1-bit if present).
9. [bookmark: _Toc127540096]The indicated priority is applied to all scheduled PxSCH by DCI 0/1_X
1. [bookmark: _Toc127540097]For beta offset indicator in DCI format 1_X/0_X, 
10. [bookmark: _Toc127540098]2 bits if at least one of the cells is configured with ‘dynamic’, otherwise ‘0’ bit.

For CSI request field, the field should be able to accommodate CSI report on any of the cells in the set. The DCI should also identify which PUSCH is used for reporting the CSI. How to determine that PUSCH has also multiple options:
Alt-1: A bit-field to indicate the cell with PUSCH 
Alt-2; Follow a rule, for example the PUSCH with smallest cell index
Alt-1 is preferred from NW flexibility perspective. Since there are maximum four cells in a set, at most 2 additional bits are needed to indicate the cell carrying the CSI. Thus, if set has four cells with 64/32/32/32 active trigger states respectively, then the CSI request field can be an eight bit field with 2 bits for indicating the cell, and 6 bits to identify the trigger state in the cell.
1. [bookmark: _Toc127540099]For CSI request in DCI format 0_X, 
11. [bookmark: _Toc127540100]Field size is dimensioned to accommodate CSI report on any of the cell in the set and an indication of the cell on which the CSI is to be transmitted. 
11. [bookmark: _Toc127540101]It indicates the cell on which the CSI is to be transmitted and the CSI trigger state for that cell.
For UL-SCH indicator, we propose the following. 
1. [bookmark: _Toc127540102]For UL-SCH indicator in DCI format 0_X, field size is 1-bit to indicate whether there is UL-SCH (or not) on the cell(s) for which CSI report/SRS transmission is requested. 
[bookmark: _Hlk127539491]RV field can be configurable to reduce DCI size.
1. [bookmark: _Toc111209466][bookmark: _Toc115419452][bookmark: _Toc127540103][bookmark: _Toc111209469]For DCI format 1_X/0_X, RV field size is explicitly configurable (0/1/2 bits per cell). 
The UL/SUL indicator bit is discussed in section 2.3.5.
HARQ-ACK feedback design for mc-DCI
[bookmark: _Toc115345504][bookmark: _Toc115345505][bookmark: _Toc115345506][bookmark: _Toc115345507][bookmark: _Toc115345508][bookmark: _Toc115345509][bookmark: _Toc115345510][bookmark: _Toc115345511][bookmark: _Toc115345512][bookmark: _Toc115345513][bookmark: _Toc115345514][bookmark: _Toc115345515][bookmark: _Toc115345516][bookmark: _Toc115345517][bookmark: _Toc115345518][bookmark: _Toc115345519][bookmark: _Toc115345520][bookmark: _Toc115345521][bookmark: _Toc115345522][bookmark: _Toc115345523][bookmark: _Toc115345524][bookmark: _Toc115345525][bookmark: _Toc115345526][bookmark: _Toc115345527][bookmark: _Toc115345528][bookmark: _Toc115345529][bookmark: _Toc115345530][bookmark: _Toc115345531][bookmark: _Toc115345532][bookmark: _Toc115345533][bookmark: _Toc115345534][bookmark: _Toc115345535][bookmark: _Toc115345536][bookmark: _Toc115345537][bookmark: _Toc115345538][bookmark: _Toc115345539][bookmark: _Toc115345540][bookmark: _Toc115345541][bookmark: _Toc115345542][bookmark: _Toc115345543][bookmark: _Toc115345544][bookmark: _Toc115345545][bookmark: _Toc115345546][bookmark: _Toc115345547][bookmark: _Toc115345548][bookmark: _Toc115345549][bookmark: _Toc115345550][bookmark: _Toc115345551][bookmark: _Toc115345552][bookmark: _Toc115345553][bookmark: _Toc115345554][bookmark: _Toc115345555][bookmark: _Toc115345556][bookmark: _Toc115345557][bookmark: _Toc115345558][bookmark: _Toc115345559][bookmark: _Toc115345560][bookmark: _Toc115345561][bookmark: _Toc115345562][bookmark: _Toc115345563][bookmark: _Toc115345564][bookmark: _Toc115345565][bookmark: _Toc115345566][bookmark: _Toc115345567][bookmark: _Toc115345568][bookmark: _Toc115345569][bookmark: _Toc115345570][bookmark: _Toc115345571][bookmark: _Toc115345572][bookmark: _Toc115345573][bookmark: _Toc115345574][bookmark: _Toc115345575][bookmark: _Toc115345576][bookmark: _Toc115345577][bookmark: _Toc115345578][bookmark: _Toc115345579][bookmark: _Toc115345580][bookmark: _Toc115345581][bookmark: _Toc115345582][bookmark: _Toc115345583][bookmark: _Toc115345584][bookmark: _Toc115345585][bookmark: _Toc115345586][bookmark: _Toc115345587][bookmark: _Toc115345588][bookmark: _Toc115345589][bookmark: _Toc115345590][bookmark: _Toc115345591][bookmark: _Toc115345592][bookmark: _Toc115345593][bookmark: _Toc115345594][bookmark: _Toc115345595][bookmark: _Toc115345596][bookmark: _Toc115345597][bookmark: _Toc115345598][bookmark: _Toc115345599][bookmark: _Toc115345600][bookmark: _Toc115345601][bookmark: _Toc115345602]In the following, we discuss the open issues regarding HARQ-ACK feedback design.  
[bookmark: _Ref118193385]Timing of HARQ-ACK feedback
With regards to the timing of PUCCH resource based on DCI 1_X, the following proposal was agreed during RAN1#110 meeting. 
Agreement
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH

In our view, the reference PDSCH should be the last PDSCH scheduled by DCI 1_X. This approach results in more efficient usage of indicated k1 values since the indicated k1 value would be used to determine a timing that it is not possible to determine based on other information. The timing between the first PDSCH and the last PDSCH can be determined from the indicated TDRA table. The timing interval that needs to be clarified, starts from the last PDSCH until the corresponding PUCCH. Moreover, in legacy procedures when a PDSCH is repeated or when multi-slot PDSCHs are scheduled, the timing of PUCCH is based on the last PDSCH. In our view, this principle should be kept in case of PDSCHs scheduled by DCI 1_X.  
[bookmark: _Toc127539399]The choice of reference PDSCH for timing of PUCCH should be aligned with related cases used in legacy procedures such as PDSCH repetition or multi-slot PDCHs scheduling.

Moreover, it was argued in the last meeting, that the choice of reference PDSCH for timing of PUCCH should preferably be aligned with e.g., the methods used for DAI counting (see discussion in section 2.3.3). In our view, these two aspects are independent. The determination of reference PDSCH on timing of PUCCH impact how K1 value is signaled, while the determination of DAI counting impact how the HARQ-ACK bits are ordered in a codebook. 

[bookmark: _Toc127539400]The choice of reference PDSCH for timing of PUCCH does not need to be aligned with the choice of reference PDSCH for DAI counting. The determination of the former impacts what K1 value is signaled, while the latter impacts the arrangements of the HARQ-ACK bits in a codebook. 


Therefore, we propose the following:

1. [bookmark: _Toc115419462][bookmark: _Toc127540104]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 (Proposal 4-1rev2 in RAN1#110b-e).

Type-1 HARQ-ACK codebook generation
We discuss here the aspects that should be considered for support of Type-1 HARQ-ACK codebook. 
In our view, the Type-1 HARQ-ACK codebook can be supported for DCI format 1_X. We have identified one issue that can be easily addressed to reuse the existing procedures for Type-1 HARQ-ACK codebook.
When a single DCI 1_X schedules multiple PDSCHs across cells, the co-scheduled PDSCHs may not be aligned in starting and/or ending time. This may cause problem when Type-1 HARQ-ACK codebook is applied for reporting HARQ-ACK feedback. The HARQ-ACK information corresponding to the co-scheduled PDSCHs is transmitted in a PUCCH in UL slot . Using the existing procedures, for a serving cell , the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot .
If a co-scheduled PDSCH (or its repetition) ends in a UL slot  such that , its corresponding HARQ-ACK information cannot be reported in a Type-1 HARQ-ACK codebook as there is no corresponding occasion in . Note that the indicated k1 value in the DCI associates to the reference PDSCH among the co-scheduled PDSCHs. 
Examples to illustrate when the problem can occur are shown in Figure 4 and 5Figure 5. In both cases, it is assumed that the maximum K1 value is 7 and PDSCH1 is the reference PDSCH. In both cases, PDSCH1 is within UL 7 slots from the PUCCH resource. However, the situation differs for PDSCH2 where a different k1 value is indicated by DCI.

[image: ]
[bookmark: _Ref115429271]Figure 5: Illustration of scheduled PDSCHs by DCI 1_X and corresponding PUCCH resource for HARQ-ACK transmission. Maximum K1 value of 7 is assumed. The indicated k1 value is 7. PDSCH1 is the reference PDSCH. Both PDSCH1 and PDSCH2 are scheduled within 7 UL slots from PUCCH. 


[image: ]
[bookmark: _Ref115429277]Figure 6: Illustration of scheduled PDSCHs by DCI 1_X and corresponding PUCCH resource for HARQ-ACK transmission. Maximum K1 value of 7 is assumed. The indicated k1 value is 6. PDSCH1 is the reference PDSCH and is scheduled within maximum 7 UL slots from PUCCH, but PDSCH2 falls outside. 

In our view, the issue can be easily fixed without imposing any scheduling restrictions and increasing codebook overhead. For example, the occasion corresponding to k1=max(K1) in  can be used instead for the co-scheduled PDSCH on cell c that satisfies the condition  described above. In case of existing another HARQ-ACK information, bundling can be performed. Therefore, we propose the following:

[bookmark: _Toc115419463][bookmark: _Toc127540105]Type-1 HARQ-ACK codebook is supported when a DCI 1_X schedules PDSCHs across cells.
[bookmark: _Toc115419464][bookmark: _Toc127540106]For Type-1 HARQ-ACK codebook generation corresponding to a set of co-scheduled PDSCHs scheduled by a DCI 1_X across cells, the timing occasion corresponding to   (e.g.,  ) in  is used for a co-scheduled PDSCH on cell c that ends earlier than  UL slots from the corresponding PUCCH slot. In case of presence of other HARQ-ACK information corresponding to occasion , bundling of HARQ-ACK information is performed.

[bookmark: _Ref118191008]Type-2 HARQ-ACK codebook generation
With regards to the Type-2 HARQ-ACK codebook, main agreements were made during RAN1#110 meeting. Two additional aspects were discussed during the last meeting that were not resolved under Proposal 4-4rev3 copied belw:
Proposal 4-4rev3:
· 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.
· 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.
· FFS: which PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cell

DAI counting determination 
Determining the DAI counting for each PDSCH scheduled by a DCI 1_X based on the indicated DAI values in the DCI, is related to arrangement of the corresponding HARQ-ACK bits in the associated codebook. Considering legacy procedures shown below, it is obvious that the reference PDSCH for the purpose of DAI counting would be the one with the smallest serving cell index since all the co-scheduled PDSCHs are scheduled by a same DCI format on different cells.
	TS38.213 clause 9.1.3.1
….
A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions, excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception 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, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where . 




In this matter, the indicated DAI counter in a DCI 1_X is associated to the PDSCH among the co-scheduled PDSCHs by the same DCI 1_X that is scheduled on the cell with smallest serving cell index. Then starting with that PDSCH, the exiting procedures would follow to determine the DAI counting for each co-scheduled PDSCH and consequently, the corresponding HARQ-ACK information for the co-scheduled PDSCHs by the same DCI 1_X would be properly arranged in the corresponding codebook.
Please note that as we explained in section 2.3.1, such approach has no conflict in determining a reference PDSCH for PUCCH timing that may be a different PDSCH among the co-scheduled PDSCHs.
Therefore, we propose the following:
[bookmark: _Toc127540107]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 (i.e., Specify 1st bullet in Proposal 4-4-rev3 in RAN1#110b-e).


Last DCI for PUCCH resource determination
During the last meeting, it was extensively discussed whether/how to determine a rule to determine the last DCI when a DCI 1_X is involved in scheduling PDSCHs corresponding to HARQ-ACK. The argument was to resolve ambiguity cases when in the same monitoring occasion, the UE detects DCI 1_X along with other DCIs. It is important to note that the scenarios under discussion may happen in legacy cases as well. The understanding is that these cases can be avoided by gNB implementation to avoid ambiguity without the need for any specifications. It is not clear how the situation is different for DCI 1_X to be justified as a new issue that needs a specific solution. Any new specification related to design of DCI 1_X should be justified to be a specific issue to DCI 1_X and not general. 

[bookmark: _Toc127539401]No additional specification is needed or justified for determining the last DCI format for the purpose of PUCCH resource determination when a DCI format 1_X is involved. Any ambiguity related issue exists in legacy procedures with legacy DCI and is not specific to the introduction of DCI 1_X.  
Therefore, we propose the following:

[bookmark: _Toc127540108]Existing procedures for determining the last DCI format for the purpose of PUCCH resource determination when a DCI format 1_X is involved, should be reused (i.e., Do not specify/discuss 2nd bullet in Proposal 4-4rev3 in RAN1#110b-e not needed).

HARQ-ACK multiplexing in PUSCH
Moreover, multiplexing HARQ-ACK on PUSCH can follow the existing procedures where the indicated DAI value in the UL grant represent the codebook size. Also, the same PUSCH prioritization rules for HARQ-ACK multiplexing as legacy can be used irrespective of the PUSCHs are scheduled by a single DCI or DCI 0_X as shown in Figure 6 and 7Figure 7.  

[image: ]
[bookmark: _Ref111208213]Figure 7: Example of multiplexing of a HARQ-ACK codebook corresponding to PDSCHs scheduled by DCI formats 1_X and legacy DCI format in a PUSCH scheduled by legacy DCI. The indicated DAI value in the UL grant is consistent with the size of HARQ-ACK codebook.

[image: ]
[bookmark: _Ref111208232]Figure 8: Example of multiplexing of a HARQ-ACK codebook corresponding to PDSCHs scheduled by DCI formats 1_X and legacy DCI format in a PUSCH scheduled by DCI format 0_X. The PUSCH for HARQ-ACK multiplexing is selected based on the existing PUSCH prioritization rules. The indicated DAI value in the UL grant is consistent with the size of HARQ-ACK codebook.
Therefore, we propose the following:
[bookmark: _Toc111209495][bookmark: _Toc111213471][bookmark: _Toc115419465][bookmark: _Toc127540109] The value of the DAI field in a DCI format 0_X is applicable for HARQ-ACK multiplexing in any of the PUSCHs when that PUSCH for HARQ-ACK multiplexing is determined following the existing procedures.

Other design aspects
The design issues of UL/SUL scheduling combined with multi-cell PUSCH scheduling and presence of NUL/SUL indicator in DCI format 0_X have been discussed.  It has been discussed whether to use 1-bit as legacy or multi-bits to support multiple SULs. There is no scenario that supports configuration of 2 SUL bands, hence enhancing this field without a supported use case is hardly justified. Considering the large extent of the remaining design issues to complete this WI, the NUL/SUL indicator field should be design as in the legacy since the SUL related issues are remained unchanged.

Therefore, we propose the following:

[bookmark: _Toc111209498][bookmark: _Toc111213474][bookmark: _Toc115419467][bookmark: _Toc127540110]Support 1-bit UL/SUL scheduling indicator in DCI format 0_X as in the legacy procedures.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The choice of reference PDSCH for timing of PUCCH should be aligned with related cases used in legacy procedures such as PDSCH repetition or multi-slot PDCHs scheduling.
Observation 2	The choice of reference PDSCH for timing of PUCCH does not need to be aligned with the choice of reference PDSCH for DAI counting. The determination of the former impacts what K1 value is signaled, while the latter impacts the arrangements of the HARQ-ACK bits in a codebook.
Observation 3	No additional specification is needed or justified for determining the last DCI format for the purpose of PUCCH resource determination when a DCI format 1_X is involved. Any ambiguity related issue exists in legacy procedures with legacy DCI and is not specific to the introduction of DCI 1_X.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For multi-cell scheduling, maximum number of sets of cell(s) is four.
Proposal 2	For each set, size of mc-DCI (0_X/1_X) is explicitly configured by higher layers.
Proposal 3	Support independent configuration of mc-DCI for PUSCH and PDSCH, including different sets of cells for PUSCH and PDSCH.
Proposal 4	When a scheduling cell is configured to carry DCI format 1_X/0_X for more than one set of configured co-schedulable cells, a set index field is included in the DCI format 1_X/0_X.
Proposal 5	Use a bitmap for indication of co-scheduled cells by DCI format 0_X/1_X.
Proposal 6	For each cell, support separate configuration of RBG size(s) for resource allocation used for PUSCH/PDSCH scheduling using mc-DCI.
Proposal 7	For Type 0 resource allocation for mc-DCI, support an additional RBG size configuration:
	RBG size of 8 for BWP size 1-36 PRBs
	RBG size of 16 for BWP size 37-72 PRBs
	RBG size of 32 for BWP size >72 PRBs
Proposal 8	For DCI format 1_X/0_X, a joint TDRA index table is configured for each set of cells with each row in the table containing TDRA index(es) for the respective cells in the set.
	TDRA index for a cell points to a corresponding TDRA in the higher layer configured TDRA table for the cell.
Proposal 9	For each field (Rate matching indicator, ZP CSI-RS trigger, SRS request, SRS offset indicator, TCI state), the joint indexing for the field across cells in a set is as follows:
	A joint index table is configured for each set of cells with each row in the table containing index(es) for the respective cells in the set.
	An index for a cell points to a corresponding entry in a high-layer configured list for that cell.
Proposal 10	For priority indicator in DCI format 1_X/0_X
	The bit-field is same as in legacy DCI scheduling single PxSCH (1-bit if present).
	The indicated priority is applied to all scheduled PxSCH by DCI 0/1_X
Proposal 11	For beta offset indicator in DCI format 1_X/0_X,
	2 bits if at least one of the cells is configured with ‘dynamic’, otherwise ‘0’ bit.
Proposal 12	For CSI request in DCI format 0_X,
	Field size is dimensioned to accommodate CSI report on any of the cell in the set and an indication of the cell on which the CSI is to be transmitted.
	It indicates the cell on which the CSI is to be transmitted and the CSI trigger state for that cell.
Proposal 13	For UL-SCH indicator in DCI format 0_X, field size is 1-bit to indicate whether there is UL-SCH (or not) on the cell(s) for which CSI report/SRS transmission is requested.
Proposal 14	For DCI format 1_X/0_X, RV field size is explicitly configurable (0/1/2 bits per cell).
Proposal 15	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 (Proposal 4-1rev2 in RAN1#110b-e).
Proposal 16	Type-1 HARQ-ACK codebook is supported when a DCI 1_X schedules PDSCHs across cells.
Proposal 17	For Type-1 HARQ-ACK codebook generation corresponding to a set of co-scheduled PDSCHs scheduled by a DCI 1_X across cells, the timing occasion corresponding to   (e.g.,  ) in  is used for a co-scheduled PDSCH on cell c that ends earlier than  UL slots from the corresponding PUCCH slot. In case of presence of other HARQ-ACK information corresponding to occasion , bundling of HARQ-ACK information is performed.
Proposal 18	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 (i.e., Specify 1st bullet in Proposal 4-4-rev3 in RAN1#110b-e).
Proposal 19	Existing procedures for determining the last DCI format for the purpose of PUCCH resource determination when a DCI format 1_X is involved, should be reused (i.e., Do not specify/discuss 2nd bullet in Proposal 4-4rev3 in RAN1#110b-e not needed).
Proposal 20	The value of the DAI field in a DCI format 0_X is applicable for HARQ-ACK multiplexing in any of the PUSCHs when that PUSCH for HARQ-ACK multiplexing is determined following the existing procedures.
Proposal 21	Support 1-bit UL/SUL scheduling indicator in DCI format 0_X as in the legacy procedures.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref102085757][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-222251, Revised WID on Multi-carrier enhancements , NTT DOCOMO, RAN#97-e, September 2022 
R1-1805782,  Reply LS on maximum number of CCs for NR CA, RAN1, RAN1#92-bis, Sanya(CN), April 2018
Appendix
RAN1#109-e: Agreements and conclusions
Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.

Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.

Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.

Agreement
The DCI for multi-cell scheduling is monitored only in USS set.

Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 

Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].

Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.

Agreement
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.

Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 

Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.

Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 

Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.

RAN1#110: Agreements and conclusions
Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

Agreement
Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling

Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X

Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.

Agreement
· For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field


Agreement
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH


Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.

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.

Agreement
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.

RAN1#110bis-e: Agreements and conclusions
Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

Agreement
At least the following fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 

Agreement
For DCI format 1_X/0_X, Type-1 fields at least include the following:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-CPext

Agreement
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.


Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design

Agreement
Confirm below working assumption:
Working Assumption
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.

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.
· FFS which cell DCI size of the DCI format 0_X/1_X is counted on.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell BD/CCE of the DCI format 0_X/1_X is counted on.
· Search space of DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space of the scheduling cell with the same search space ID.
· FFS which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How to address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· 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.

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.

Agreement
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.

Agreement
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one. 
· If a UE is scheduled by a DCI format 1_X to receive PDSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the cell is an uplink symbol, the UE does not receive the PDSCH in the cell. 
· If a UE is scheduled by a DCI format 0_X to transmit PUSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the cell is a downlink symbol, the UE does not transmit the PUSCH in the cell.

RAN1#111: Agreements and conclusions
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.

Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.

Agreement
For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· ChannelAccess-Cpext
· TDRA
· Below fields are agreed to be supported for DCI format 0_X/1_X. FFS: Whether the fields are type1, type2, type configurable, or omitted. FFS: details on the fields (e.g. length, which legacy configurations are applicable), other fields.
· HARQ process number
· MCS (FFS: potential compression scheme)
· Bandwidth part indicator 
· Frequency domain resource assignment (FFS: potential compression scheme)
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· DMRS sequence initialization
· Frequency hopping flag
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· PTRS-DMRS association
· SRS request
· SRS resource indicator
· SRS offset indicator
· PTRS-DMRS association
· Open-loop power control parameter set indication
· UL/SUL indicator
Note: RAN1 strives to minimize the number of fields which are type configurable.

Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.


Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.1.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.1.2

	BWP indicator
	Type 1A
	Details in Section 7.1.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· [bookmark: _Hlk127280970]Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.1.4

	VRB-to-PRB mapping
	Type 1A
	Details in Section 7.1.5

	PRB bundling size indicator
	Type 1A
	Details in Section 7.1.6

	Rate matching indicator
	Type 1B (up to 4 bits)
	Details in Section 7.1.7

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	Details in Section 7.1.8

	Antenna port(s)
	Configurable between Type 1A and Type 2
	Details in Section 7.1.9

	TCI
	Type 1B (up to 4 bits)
	Details in Section 7.1.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.1.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.1.12

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.1.13


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details

Agreement
· The types for below fields in DCI format 0_X are listed:
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.2.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.2.2

	BWP indicator
	Type 1A
	Details in Section 7.2.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.2.4

	Frequency hopping flag
	Type 1A
	Details in Section 7.2.5

	TPC command for scheduled PUSCH
	Type 2
	Details in Section 7.2.6

	Open-loop power control parameter set indication
	Type 1A
	Details in Section 7.2.7

	Antenna port(s)
	Configurable between Type 1A and Type-2
	Details in Section 7.2.8

	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	Details in Section 7.2.9

	PTRS-DMRS association
	Type 2
	Details in Section 7.2.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.2.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.2.12

	SRS resource indicator
	Configurable between Type 1A and Type-2
	Details in Section 7.2.13

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.2.14

	UL/SUL indicator
	FFS

	Details in Section 7.2.15


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details
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