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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94 meeting, a Work Item [1] was agreed to support multi-cell PUSCH/PDSCH scheduling with a single DCI. In RAN#98 meeting, additional 1 TU was allocated to Rel-18 multi-carrier enhancements WI for RAN1. Great progress was made on categorization of DCI fields and blind detection mechanism of single DCI in RAN1#111 meeting, which can be found in appendix for more details.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In this contribution, remaining issues are further discussed, including scheduling possibility, detailed design of some DCI fields, and discussion on HARQ-ACK codebook enhancement.

DCI format design
Scheduling possibility
In previous meeting, monitoring DCI format 0_X/1_X and legacy DCI formats (DCI format 0_0/1_0/0_1/1_1/0_2/1_2) from a same scheduling cell was agreed to be supported. This feature is useful to enable different traffic/services at the same time for a same UE without always relying on a DCI format with relatively large DCI size.
On the other hand, there are difference between the potential legacy DCI formats that are to be simultaneously used with the new DCI format, in terms of UE implementations. For a same legacy DCI format, it may be or even required to be able to be used for self-scheduling. For example, considering single DCI is a non-fallback DCI, it is necessary to monitor legacy DCI formats such as DCI format 0_0/1_0 for self-carrier scheduling and DCI format 0_X/1_X to maintain transmission reliability, which can be served as a basic UE capability. 
While it is also possible for a legacy DCI format to be used for cross-carrier scheduling, since the PDCCH capacity in scheduling cell is expected to be larger than other scheduled cells and data part can be conveyed on scheduled cell(s). In this case, compared to multi-cell scheduling together with a legacy DCI for self-scheduling especially fall-back DCI formats, more cross-carrier configuration and UE processing are required, including separate BD/CCE and DCI size budget counting per scheduled cell etc.
As multi-carrier scheduling with a single DCI is not a simple extension of cross-carrier scheduling, support of multi-carrier scheduling does not mean that the UE directly supports cross-carrier scheduling, which has adds-on UE implementation thus as well as complexity. Cross-carrier scheduling is also a later feature introduced than self-carrier scheduling, when different SCS scheduling is considered. Thus, the simultaneous use of cross-carrier scheduling by legacy DCI format with multi-carrier scheduling can have different implementations, UE complexity and commercial support compared to multi-cell scheduling together with a legacy DCI for self-scheduling.
Proposal 1: Support of simultaneously monitoring DCI format 0_X/1_X and legacy DCI formats for cross-carrier scheduling, and support of simultaneously monitoring DCI format 0_X/1_X and legacy DCI formats for self-carrier scheduling should be reported separately.

DCI payload size determination
Regarding payload size determination of DCI format 0_X/1_X, below proposal has been discussed in previous RAN1 meeting and captured in R1-2212924 [2].
	Proposal 2-8rev2:
· For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size 0_X is the same for all the co-scheduled cell combinations.
· The payload size 1_X is the same for all the co-scheduled cell combinations.


Considering that 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 and different combinations will lead to different DCI payload sizes, the payload size of DCI format 0_X/1_X should be same for all the co-scheduled cell combinations within the set of cells to reduce the complexity of blind detection by UE. For the case when PDSCHs of some cells are not actually scheduled, the corresponding DCI fields which are configured as separate indication should be reserved or set to specific value to align with the payload size for the set of cells.
Proposal 2: Accept the proposal 2-8rev2 in R1-2212924 that the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.

0. DCI size alignment
In last meeting, it was agreed that DCI size and BD/CCE of DCI format 0_X/1_X are counted on the reference cell and the reference cell depends on the implicit configuration of gNB. If the reference cell is the scheduling cell, the total number of DCI sizes on the scheduling cell may still exceed the existing “3+1” DCI size budget because legacy DCI formats (DCI format 0_0/1_0/0_1/1_1/0_2/1_2) may also be monitored on this scheduling cell by UE. It is preferred to apply traditional DCI size alignment procedure also on the new DCI format 0_X and 1_X in order not to restrict the gNB configuration flexibility, i.e. alignment for DCI sizes between DCI format 0_X and 1_X is needed.
Proposal 3: DCI size alignment rules similar as specified for legacy DCI formats are applicable for multi-cell scheduling PDCCH to maintain the “3+1” DCI size budget.

Search space configuration
Agreement on the determination of n_CI was achieved in last meeting, which is presented below. The remaining issue is whether to support multiple sets of cells configured for multi-cell scheduling.
	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.


As discussed in previous meetings, if a UE is configured with at most one set of cells for multi-cell scheduling and the maximum number of cells within the same PUCCH group is 8, legacy DCI formats have to be used by gNB for the remaining cells via single-carrier scheduling way since up to 4 cells within the set of cells are supported for multi-cell scheduling. In this case, the remaining cells via single-carrier scheduling can’t enjoy the benefit of co-scheduling and PDCCH load may remain as a problem for the scheduling cell especially for PCell. Therefore, multiple sets of cells should be supported for respective multi-cell scheduling to enable full utilization of co-schedulable cells and for more flexibility in Rel-18 CA framework. In addition, since the n_CI in the search space equation is determined by a value configured for the set of cells, when multiple sets of cells are scheduled from a same scheduling cell, different n_CI values can be configured for different sets of cells to avoid conflict.
Proposal 4: Multiple sets of cells scheduled from a same scheduling cell are supported in Rel-18, of which each can be scheduled by a single PDCCH, and different n_CI values can be configured for different sets of cells when multiple sets of cells are configured for scheduling.

Categorization of DCI fields
In this section, detailed design on some fields which are agreed to be included in DCI format 0_X/1_X are discussed. In addition, remaining fields to be included in DCI format 1_X/0_X and which type of these fields belong to are further clarified. 
Indication of co-scheduled cells
According to the discussion in previous meetings, most companies prefer to indicate the co-scheduled cells through the combination of RRC configured table and DCI indication. One example of the table configured by RRC is shown below.
Table 1 One example of the RRC configured table
	Index
	Co-scheduled cells

	1
	Cell 1, Cell 2, Cell 3, Cell 4

	2
	Cell 1, Cell 2, Cell 3

	3
	Cell 2, Cell 3, Cell 4

	4
	Cell 1, Cell 2

	5
	Cell 1

	……
	……


It is observed that one table corresponds to one set of cells in current discussion. However, given the benefits and need that UE can be configured with multiple sets where each set supports up to 4 cells, as described in section 2.2, multiple tables need to be configured so that each cell set has one corresponding RRC table for co-scheduled cells indication.
Consequently, UE would need to determine the corresponding table to further determine the row index indicated by the field “indicator of co-scheduled cells”. It would be natural that one field serves a complete function, i.e., this field should be able to let the UE uniquely determine the scheduled cells including determining the set of cells first to narrow-down the candidate co-scheduled cells. Thus, the indicator in DCI format 0_X/1_X should indicate both the table index for the set of cells and the row index for the combination of co-scheduled cells in the set. For example, set {cell 1, cell 2, cell 3, and cell 4} and set {cell 5, cell 6, cell 7, and cell 8} are configured for UE and each set has their own corresponding table while both set index and cell-combination index is provided by a single field without requiring additional DCI field. 
Proposal 5: Both the set of cells, if multiple sets of cells are configured for a scheduling cell, and combination of co-scheduled cells should be determined by the indicator of co-scheduled cells in DCI format 0_X/1_X.

FDRA
Frequency domain resource assignment (FDRA) field was agreed to be classified as Type-2 in RAN1#111 meeting, but some potential compression schemes still requires more discussion. 
Two methods for size compression of FDRA field were presented in previous meeting, which is shown below.
· 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.
In existing spec, the maximum granularity of RBG is 16RB. When resource allocation Type-0 is configured for multi-cell scheduling, the overhead for field FDRA of each cell can be up to 18 bits, which will lead to huge overhead of DCI format 0_X/1_X payload size. Therefore, increasing the RBG granularity beyond the existing maximum specified is beneficial for bit compression. The gNB can configure new RBG size for each co-scheduled cell within the cell set and the bit width of FDRA is determined by the new configured RBG size. For resource allocation Type-1, RBG-based RIV may also reduce the bit overhead of FDRA field.
Furthermore, to avoid loss of scheduling flexibility caused by larger RBG granularity, the RBG granularity configuration can be different for the BWP of the same scheduled cell which belongs to different combination of co-scheduled cells. For example in Table 1, for cell 1, there are 3 co-scheduled cells when row index is 1 and no other co-scheduled cells when row index is 5. Assuming all these cells are configured with BWP corresponding to the BWP indicator value, then in order to attain the same or close bit width of FDRA for these two different combinations, for the BWP on cell 1, it is reasonable to use smaller RBG granularity for BWP on cell 1 when row index is 5 and bigger RBG granularity for BWP on cell 1 when row index is 1. 
Proposal 6: The RBG granularity configuration can be different for the BWP of the same scheduled cell which belongs to different combination of co-scheduled cells.

TDRA
In last meeting, TDRA field is agreed to be classified as Type-1. In RAN1#110b meeting, agreement about TDRA was achieved as follows and one remaining FFS is about the detailed design of TDRA table. In this part, our views on detailed TDRA table design are provided.
	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


In existing spec, TDRA table is configured per cell and each row of the table corresponds to one configuration for time domain resource allocation. For multi-cell scheduling, in order to compress bit overhead, a new joint TDRA table can be used to indicate multiple PDSCHs/PUSCHs on multiple cells to reduce the DCI payload, which is similar to multi-PDSCH/PUSCH in Rel-17.
Specifically, TDRA table may have two interpretations. One is each row of TDRA table is configured for a set of cells and the other is each row of TDRA table is configured for each combination of co-scheduled cells, which can be seen in Table 2 and Table 3 respectively for example. In our view, if each row of the TDRA table is configured for each combination of co-scheduled cells, it will bring additional restriction for gNB to ensure that the number of {SLIV, mapping type, scheduling offset K0 (or K2)} in each row of TDRA table should be aligned with the number of co-scheduled cells in each combination which is indicated by co-scheduled indicator. In addition, more bits may be needed for TDRA field when each row corresponds to one combination of the cell set because there may be many co-scheduled cell combinations in one set. 
Proposal 7: New joint TDRA table can be configured and each row of TDRA table corresponds to one set of cells.

Table 2 each row of TDRA table configured for cell set
	Index
	Cell 1
	Cell 2
	Cell 3
	Cell 4

	0
	{K01,  SLIV1, Type1}
	{K02,  SLIV2, Type2}
	{K03,  SLIV3, Type3}
	{K04,  SLIV4, Type4}



Table 3 each row of TDRA table configured for cell combination
	Index
	Cell 1
	Cell 2
	Cell 3
	Cell 4

	0
	{K01,  SLIV1, Type1}
	{K02,  SLIV2, Type2}
	/
	/

	1
	{K01,  SLIV1, Type1}
	/
	{K03,  SLIV3, Type3}
	{K04,  SLIV4, Type4}

	2
	{K01,  SLIV1, Type1}
	/
	/
	/

	3
	/
	{K02,  SLIV2, Type2}
	{K03,  SLIV3, Type3}
	{K04,  SLIV4, Type4}

	…
	…
	…
	…
	…



BWP indicator
BWP indictor field has been classified as Type-1A and indication is applied to cell(s) having 1 or 2 bits for this field in legacy formats. One potential problem is that the BWP switching of one cell may cause the BWP switching of other co-scheduled cells which were scheduled by a same DCI format 0_X/1_X. In this case, when the combination of co-scheduled cells indicated in DCI format 0_X/1_X changes, multiple times of switching delay will be introduced since the BWP switching is time divided. To reduce the delay caused by multiple BWP switchings, one feasible solution is to specify that the BWP indicator can be applied for all co-scheduled cells within the cell set when BWP switching happens.
Proposal 8: The BWP indicator can be applied for all co-scheduled cells within the cell set when BWP switching happens.

UL/SUL indicator
The UL/SUL indicator is used to indicate whether the carrier is a supplementary uplink carrier. It is not only due to coverage purpose, but also for the benefits of UL data rate when TDD carriers are concerned. 
For the case of UE configured with SUL with dynamic switching between SUL and NUL, the remaining work is just the same as tens of other fields, i.e. to determine which type the SUL filed belongs to. Thus the standard effort is very small. 
Considering the use cases, benefits and minor specification impact, UL/SUL indicator should exist in DCI format 0-X for multi-cell PUSCH scheduling and is preferred to be indicated flexibly between co-scheduled cells, if configured upon the specifications. Type 1C is not a technical reasonable approach as it unnecessarily restricts to always simultaneously switch two SULs when configured. Note, switching SULs in one PDCCH does not mean simultaneous PUSCH transmissions, which should further meet relevant requirements, if happened. 
Proposal 9: UL/SUL indicator should be included in DCI format 0_X (as agreed) and it can be configurable between Type-1A and Type-2 upon gNB configuration.

Remaining fields
In previous meetings, the field types for most of the fields have been determined. However, some remaining fields are still not clear on whether they are omitted or which type they belong to. Some fields are classified as Type-1 field but more clarification is needed to determine whether these fields are Type-1A, Type-1B, or Type-1C.
According to the classification criteria, our views on the remaining fields in DCI format 1_X/0_X are summarized in Table 4 and Table 5 respectively.
Table 4 Categorization of fields in DCI 1_X
	DCI fields in DCI 1_X
	Field type
	Comments

	Enhanced Type 3 codebook indicator
	Type-1A
	If exist, common indication.

	HARQ-ACK retransmission indicator
	/
	Not necessary and it can be omitted.

	Priority indicator
	Type-1A
	A single field is enough for co-scheduled cells.

	ChannelAccess-Cpext
	Type-1A
	A single field is sufficient since unlicensed spectrum is deprioritized.

	Minimum applicable scheduling offset indicator
	Type-1A
	This field is beneficial for UE energy saving and a single field is enough for co-scheduled cells. It is more efficient for single DCI to apply K0min or K2min for multiple scheduled cells rather than multiple legacy DCIs.

	SCell dormancy indication
	Type-1A
	A single field is enough for co-scheduled cells since it can indicate the dormancy of one SCell group.

	PDCCH monitoring adaptation indication
	Type-1C
	This field is related to the scheduling cell, so it belongs to Type-1C.

	PUCCH Cell indicator
	Type-1A
	If exist, common indication.


Table 5 Categorization of fields in DCI 0_X
	DCI fields in DCI 0_X
	Field type
	Comments

	CSI request
	Type-1C
	In current spec, a UE is not expected to receive more than one CSI request for transmission in a given reference slot length across all CCs in a cell group.

	Beta_offset indicator
	Type-1B
	This field indicates whether the UE supports indicating beta-offset for HARQ-ACK and/or CSI via DCI among the RRC configured beta-offsets. It can indicate separate information to each of co-scheduled cells via joint indication.

	UL-SCH Indicator
	Type-1A
	This field is used to indicate whether UL-SCH shall be transmitted on the PUSCH. A single field may be enough for co-scheduled cells.

	Priority indicator
	Type-1A
	A single field is enough for co-scheduled cells.

	Invalid symbol pattern indicator 
	Type-1A
	If exist, common indication.

	Minimum applicable scheduling offset indicator
	Type-1A
	This field is beneficial for UE energy saving and a single field is enough for co-scheduled cells. It is more efficient for single DCI to apply K0min or K2min for multiple scheduled cells rather than multiple legacy DCIs.

	SCell dormancy indication
	Type-1A
	A single field is enough for co-scheduled cells since it can indicate the dormancy of one SCell group.

	PDCCH monitoring adaptation indication
	Type-1C
	This field is related to the scheduling cell, so it belongs to Type-1C.


Proposal 10: Remaining fields in multi-cell scheduling DCI 1_X are advised to classify as follows:
· Type-1A: Enhanced Type 3 codebook indicator, Priority indicator, ChannelAccess-Cpext, Minimum applicable scheduling offset indicator, SCell dormancy indication, PUCCH Cell indicator.
· Type-1C: PDCCH monitoring adaptation indication.
· Omitted: HARQ-ACK retransmission indicator.
Proposal 11: Remaining fields in multi-cell scheduling DCI 0_X are advised to classify as follows:
· Type-1A: UL-SCH Indicator, Priority indicator, Invalid symbol pattern indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication.
· Type-1B: Beta_offset indicator.
· Type-1C: CSI request, PDCCH monitoring adaptation indication.

HARQ-ACK enhancements
Discussion on reference PDSCH
In the previous meetings, proposal on reference PDSCH for HARQ-ACK feedback timing determination was achieved in [3], which is presented below. 
	Proposal 4-1rev2:
· 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.


For multi-cell scheduling, PDSCHs in different co-scheduled cells may be located in different slots. Since shared PDSCH-to-HARQ_feedback timing indicator field in multi-scheduling DCI among co-scheduled cells is adopted to reduce the overhead, it is necessary to select a reference PDSCH in a plurality of cells to determine the slot for HARQ-ACK codebook feedback.
As an option, the reference PDSCH can be the last PDSCH of co-scheduled PDSCHs, which can give UE more processing time and reduce the bit overhead of PDSCH-to-HARQ_feedback timing indicator field in multi-cell scheduling DCI. Figure 1 presents an example. PDSCH 2 is the last PDSCH among PDSCHs scheduled by single DCI simultaneously. Therefore, PDSCH 2 can be selected as reference PDSCH and only one bit is needed to indicate the slot for HARQ-ACK feedback (K1=1).
[image: ]
Figure 1 One example for the selection of reference PDSCH
Proposal 12: Accept proposal 4-1rev2 in R1-2210662 that reference PDSCH can be the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.

DAI counting and last DCI format determination
Regarding to Type-2 HARQ-ACK codebook, remaining issues are DAI counting determination and last DCI format determination. In the previous meeting, preliminary proposal provided by FL in [3] is shown below.
	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


For the first bullet, since multiple PDSCHs on multiple cells are scheduled by a single DCI, a reference PDSCH is required for determining the DAI counting. Considering more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported in Rel-18, the PDSCH with smallest serving cell index among the set of co-scheduled cells is different for each DCI format 1_X. Therefore, it is appropriate that the reference PDSCH to determine DAI counting can be the PDSCH with smallest serving cell index among the set of co-scheduled cells.
In current spec, the PUCCH resource determination is based on a PUCCH resource indicator field in a last DCI format. The main issue for the second bullet is how to determine the last DCI format when multiple DCI formats in a same PDCCH MO. For the case when only multiple DCI formats 1_X are within a same PDCCH MO, the PDSCH with the smallest serving cell index among the set of co-scheduled cells can be used to determine last DCI format because each scheduled cell cannot support more than one scheduling cell for DCI format 0_X/1_X. However, when both DCI format 1_X and legacy DCI formats are received in a same PDCCH MO, the PDSCH with smallest serving cell index of DCI format 1_X and legacy DCI may be the same. In this case, the last DCI format cannot be determined by the PDSCH with smallest serving cell index. These two cases are shown in Figure 2 and Figure 3 separately.
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	Figure 2 Multiple single DCIs in same MO
	Figure 3 Single DCI and legacy DCI in same MO


It is no doubt that the last DCI format in Figure 2 can be determined according to the PDSCH with smallest serving cell index. But for the case in Figure 3, since both the PDSCHs with smallest serving cell index for single DCI and for legacy DCI are the same, this will lead to ambiguity and additional rule may be needed for further determination.
For clear spec design and considering the compatibility between the two scenarios above, a uniform rule is better to be defined. One feasible method is using the PDSCH which ends last as indicated in the DCI format to determine the last DCI format among the multiple DCI formats which are within the same MO. This way is also consistent with the way of PUCCH determination in Proposal 4-1rev2 in R1-2210662. If last PDSCH ending time in multiple DCI formats is the same, the PDSCH with the smallest serving cell index can be further adopted to determine the last DCI format. Take two cases presented above as example, for Figure 2, the last format is single DCI 1, and for Figure 3, the last format is legacy DCI 1.
Proposal 13: The PDSCH which ends last as indicated in the DCI format can be used to determine the last DCI format among the multiple DCI formats which are within the same MO. If ending time of last PDSCH in multiple DCI formats is the same, the PDSCH with the smallest serving cell index can be further adopted to determine the last DCI format.

Enhancement on Type-1 HARQ-ACK codebook
As agreed in RAN#97 meeting, Type-1 HARQ-ACK codebook is supported in Rel-18 with restriction of same SCS/carrier type/duplex mode among co-scheduled cells and whether there are additional restrictions can be discussed in RAN1, which is shown below.
	· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18.
· Additional restriction(s) can be discussed in RAN1


One potential problem is some non-reference PDSCHs of the set of co-scheduled cells may be located out of the candidate PDSCH reception occasions when the TDRA field in the DCI format 1_X indicates different K0 values for co-scheduled PDSCHs. In this case, HARQ-ACK information for these non-reference PDSCHs will not be reported by UE. To minimize the standard efforts, this problem can be addressed by gNB scheduling that the K1 value of respective cells should be within the configured K1 set. In other words, additional restrictions can be applied for multi-cell scheduling such as UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type-1 HARQ-ACK CB of a PUCCH.
Proposal 14: No enhancement is needed for Type-1 HARQ-ACK codebook and additional restrictions can be considered such as UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type-1 HARQ-ACK CB of a PUCCH.

Other issues
In previous RAN1 meetings and RAN#97 meeting, some features were not supported to simultaneously configure with multi-cell PDSCH scheduling in Rel-18 in order to simplify the multiplexing of HARQ-ACK codebook, such as multi-TRP, enhanced Type-2 HARQ-ACK codebook, etc. Besides, some other features still need to be considered. For Rel-17 multicast and broadcast service (MBS), UE generates two separate sub-codebooks for unicast and multicast respectively, and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. However, the rule of HARQ-ACK codebook multiplexing for MBS is different from that for Rel-18 multi-cell PDSCH/PUSCH scheduling, which may require three sub-codebooks to be concatenated. In this case, the payload size of HARQ-ACK feedback will be increased significantly.
Furthermore, it was agreed in RAN1#110bis-e meeting that the priority indicator field was considered as Type-1field and included in DCI format 0_X/1_X. It has not been discussed whether/how to multiplex the HARQ-ACK codebooks with different priorities in case of multi-cell PDSCH/PUSCH scheduling. In our view, it is complicated to bring the different priorities into Rel-18 multi-cell PDSCH/PUSCH scheduling. For example, whether the first sub-codebook consist of the first sub-codebook with high-priority (HP) and the first sub-codebook with low-priority (LP), or a high-priority (HP) HARQ-ACK is composed of the first HP sub-codebook and the second HP sub-codebook, which may need to be discussed. In addition, according to Rel-16/Rel-17 URLLC discussion, two UE capabilities should be introduced to support two kinds of UE which is capable or not capable of multiplexing a HP HARQ-ACK UCI and a LP HARQ-ACK UCI into a PUCCH. Therefore, due to the limited remaining TU, it is not expected that multi-cell PDSCH/PUSCH scheduling and HARQ-ACK codebook with different priorities are configured simultaneously in Rel-18 in order to avoid much more standard efforts.
Proposal 15: Multi-cell PDSCH/PUSCH scheduling and Rel-17 MBS are not expected to be configured simultaneously.
Proposal 16: HARQ-ACK codebook with different priorities for single-cell scheduling DCI and/or multi-cell scheduling DCI are not expected to be configured in the same PUCCH group in Rel-18.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: Support of simultaneously monitoring DCI format 0_X/1_X and legacy DCI formats for cross-carrier scheduling, and support of simultaneously monitoring DCI format 0_X/1_X and legacy DCI formats for self-carrier scheduling should be reported separately.
Proposal 2: Accept the proposal 2-8rev2 in R1-2212924 that the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
Proposal 3: DCI size alignment rules similar as specified for legacy DCI formats are applicable for multi-cell scheduling PDCCH to maintain the “3+1” DCI size budget.
Proposal 4: Multiple sets of cells scheduled from a same scheduling cell are supported in Rel-18, of which each can be scheduled by a single PDCCH, and different n_CI values can be configured for different sets of cells when multiple sets of cells are configured for scheduling.
Proposal 5: Both the set of cells, if multiple sets of cells are configured for a scheduling cell, and combination of co-scheduled cells should be determined by the indicator of co-scheduled cells in DCI format 0_X/1_X.
Proposal 6: The RBG granularity configuration can be different for the BWP of the same scheduled cell which belongs to different combination of co-scheduled cells.
Proposal 7: New joint TDRA table can be configured and each row of TDRA table corresponds to one set of cells.
Proposal 8: The BWP indicator can be applied for all co-scheduled cells within the cell set when BWP switching happens.
Proposal 9: UL/SUL indicator should be included in DCI format 0_X (as agreed) and it can be configurable between Type-1A and Type-2 upon gNB configuration.
Proposal 10: Remaining fields in multi-cell scheduling DCI 1_X are advised to classify as follows:
· Type-1A: Enhanced Type 3 codebook indicator, Priority indicator, ChannelAccess-Cpext, Minimum applicable scheduling offset indicator, SCell dormancy indication, PUCCH Cell indicator.
· Type-1C: PDCCH monitoring adaptation indication.
· Omitted: HARQ-ACK retransmission indicator.
Proposal 11: Remaining fields in multi-cell scheduling DCI 0_X are advised to classify as follows:
· Type-1A: UL-SCH Indicator, Priority indicator, Invalid symbol pattern indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication.
· Type-1B: Beta_offset indicator.
· Type-1C: CSI request, PDCCH monitoring adaptation indication.
Proposal 12: Accept proposal 4-1rev2 in R1-2210662 that reference PDSCH can be the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
Proposal 13: The PDSCH which ends last as indicated in the DCI format can be used to determine the last DCI format among the multiple DCI formats which are within the same MO. If ending time of last PDSCH in multiple DCI formats is the same, the PDSCH with the smallest serving cell index can be further adopted to determine the last DCI format.
Proposal 14: No enhancement is needed for Type-1 HARQ-ACK codebook and additional restrictions can be considered such as UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type-1 HARQ-ACK CB of a PUCCH.
Proposal 15: Multi-cell PDSCH/PUSCH scheduling and Rel-17 MBS are not expected to be configured simultaneously.
Proposal 16: HARQ-ACK codebook with different priorities for single-cell scheduling DCI and/or multi-cell scheduling DCI are not expected to be configured in the same PUCCH group in Rel-18.
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Appendix
	Agreements in RAN1#111 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.

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 
· 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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