Page 7
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #114bis                                                      R1-2309306
Xiamen, China, October 9th – October 13th, 2023

[bookmark: _Ref298777854][bookmark: _GoBack]Agenda Item:	8.12.1
Source: 	LG Electronics
Title: 	Remaining issues on Multi-cell scheduling with single DCI
Document for:	Discussion and decision
Introduction
In this contribution, we discuss and provide our views on the remaining issues on Rel-18 multi-cell scheduling with single DCI.

Remaining issues on multi-cell scheduling

Interpretation of Type 1A field across co-scheduled cells
Regarding Type 1A field, it was agreed to determine the field size in DCI format 0_3/1_3 as the maximum (single-cell scheduling DCI) field size among the cells configured for multi-cell scheduling. With this way, some (high) DCI code-point/state of the Type 1A field would be invalid in certain cell X when the cell X is configured with smaller number of code-points/states than the maximum number among the cells. 
To handle this, following alternatives can be considered. For easy explanation, the number of DCI code-points/states (N) configured for the cell X is assumed as 3, and the maximum number among the cells is assumed as 8 (i.e., Type 1A field size is determined as 3-bit).

· Alt 1: Interpret LSB part (e.g. ceil(log2(N)) bits or floor(log2(N)) bits) within Type 1A field for the cell X
· For example, for the cell X, UE interprets (and applies) last 2-bit or 1-bit within 3-bit field.
· Alt 3/4/5 is applied if invalid DCI code-point/state for the cell X is indicated (in case of interpreting ceil(log2(N)) bits).
· Alt 2: Fill (high) DCI code-points/states with valid values for the cell X
· For example, code-point or state 3/4/5/6/7 is configured with valid value by gNB or filled with modulo operation.
· Alt 3: Apply a pre-defined/configured default value if invalid DCI code-point/state for the cell X is indicated
· For example, for the cell X, UE applies default value if bits ‘1xx’ is indicated via 3-bit field.
· Alt 4: Assume no change from the latest indication if invalid DCI code-point/state for the cell X is indicated
· For example, UE assumes no change on cell X if bits ‘1xx’ is indicated via 3-bit field.
· Alt 5: Assume no PDSCH/PUSCH scheduling on cell X if invalid DCI code-point/state for the cell X is indicated
· For example, UE assumes no scheduling on cell X if bits ‘1xx’ is indicated via 3-bit field.

Proposal 1: Consider the following alternatives for Type 1A field to handle the cell X configured with smaller number of DCI code-points/states than the maximum number among the cells configured for multi-cell scheduling.
· Alt 1: Interpret LSB part within Type 1A field for the cell X
· Alt 2: Fill (high) DCI code-points/states with valid values for the cell X
· Alt 3: Apply default value if invalid code-point/state for the cell X is indicated
· Alt 4: Assume no change from latest indication if invalid code-point/state for the cell X is indicated
· Alt 5: Assume no scheduling on cell X if invalid code-point/state for the cell X is indicated

Clarification on Type 1A based Priority indicator field
Regarding the Priority indicator field in DCI format 0_3/1_3, the following agreement was made in RAN1#112.

	Agreement
· Priority indicator in DCI format 0_X belongs to Type-1A field.
· The indicated priority is applied to all the co-scheduled PUSCH(s)
· Priority indicator in DCI format 1_X belongs to Type-1A field.
· The indicated priority indicator is applied to the PUCCH.
· RRC parameters is introduced to configure the presence of priority indicator in DCI format 0_X/1_X
· This parameter is per set of cells 



On the above agreement, it is necessary to clarify how to handle different Priority indicator (denoted as “PI”) configuration (i.e., presence or absence) across co-scheduled cells, in case of multi-cell PUSCH scheduling by DCI format 0_3. For this, the followings are to be considered.

· Apply the priority indicated via DCI format 0_3 if all co-scheduled cells are configured with PI
· Assume LP for all co-scheduled cells if at least one among the cells is not configured with PI

Proposal 2: Clarify the followings to handle different Priority indicator (denoted as “PI”) configuration (i.e., presence or absence) across co-scheduled cells.
· Apply the priority indicated via DCI format 0_3 if all co-scheduled cells are configured with PI
· Assume LP for all co-scheduled cells if at least one among the cells is not configured with PI

Interpretation of Type 2 field in case of BWP switching
Regarding the case of BWP switching indicated by DCI format 0_3/1_3, it is necessary to consider how to interpret Type 2 fields in the DCI according to source/target BWP index across the cells. For this, according to whether the existing rule of DCI interpretation for BWP switching (e.g. zero-padding to MSB part or reading LSB part only) is applied per each of single-cell fields within Type 2 field or applied for entire Type 2 field, following two options can be considered.

· Opt 1: Apply the existing DCI interpretation rule per each of co-scheduled cells individually by comparing the size of single-cell field (within Type 2 field) configured for source BWP index and the size of single-cell field configured for target BWP index (for a same cell)
· Opt 2: Apply the existing DCI interpretation rule for entire Type 2 field by comparing the size of entire Type 2 field determined for source BWP index and the sum of single-cell field sizes corresponding to the co-scheduled cells configured for target BWP index 

Proposal 3: Consider the following options to interpret Type 2 fields in DCI format 0_3/1_3 according to source/target BWP index across the cells in case of BWP switching by the DCI.
· Opt 1: Apply the existing DCI interpretation rule per each of co-scheduled cells individually by comparing the size of single-cell field (within Type 2 field) configured for source BWP index and the size of single-cell field configured for target BWP index (for a same cell)
· Opt 2: Apply the existing DCI interpretation rule for entire Type 2 field by comparing the size of entire Type 2 field determined for source BWP index and the sum of single-cell field sizes corresponding to the co-scheduled cells configured for target BWP index 

Update of TCI table based on TCI state update by MAC
Regarding Type 1B based TCI field, it is necessary to clarify how to update the reference TCI (code-point) table based on TCI state update by MAC CE. For this, according to the number of MAC-activated TCI states, following two cases need to be clarified.

· Case 1: When the number of TCI code-points configured in the reference table is smaller than those activated by MAC CE,
· In this case, for example, the activated TCI code-point not contained in the reference table is not indicated/supported by DCI format 1_3?
· Case 2: When the number of TCI code-points configured in the reference table is larger than those activated by MAC CE,
· In this case, for example, how to handle the table row containing a non-activated TCI code-point for a cell? (e.g. treat the row itself as invalid, or assume no scheduling for the cell, or apply a default TCI for the cell)

Proposal 4: Clarify the following cases to update the reference TCI (code-point) table for Type 1B based TCI field in DCI format 1_3 based on TCI state update by MAC CE.
· Case 1: When the number of TCI code-points configured in the reference table is smaller than those activated by MAC CE (e.g. the activated TCI code-point not contained in the reference table is not indicated/supported by DCI format 1_3?)
· Case 2: When the number of TCI code-points configured in the reference table is larger than those activated by MAC CE (e.g. how to handle the table row containing a non-activated TCI code-point for a cell? treat the row itself as invalid? or assume no scheduling for the cell? or apply a default TCI for the cell?)

Triggering of enhanced Type-3 CB by DCI format 1_3
Regarding the support of Rel-17 enhanced Type-3 codebook (and HARQ-ACK retransmission) with DCI format 1_3, the following agreement was made in RAN1#112.

	Agreement
Enhanced Type-3 codebook indicator in DCI format 1_X belongs to Type-1A field. 

Agreement
HARQ-ACK retransmission indicator in DCI format 1_X belongs to Type-1A field. 



On the trigging of enhanced Type-3 codebook by DCI format 1_3, two aspects need to be clarified: 1) whether all the cells co-scheduled by the DCI format 1_3 trigging a Type-3 CB index are to be included in the HARQ-ACK payload of the (triggered) Type-3 CB index, and 2) how to determine the MCS field used for indication of the Type-3 CB index (in DCI format 1_3) in case of Type-3 CB triggering without PDSCH scheduling. 
For the determination of MCS field to trigger Type-3 CB index, according to the method applied for indication of co-scheduled cells (e.g. cell combination table based or per-cell FDRA field based), following options can be considered. Note that similar approaches can be considered for the triggering (e.g. indication of the slot offset via MCS field) of Rel-17 HARQ-ACK retransmission.

· Opt 1: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for all the co-scheduled cells.
· For example, this can be applied in case where the indication of co-scheduled cells is done based on the cell combination table.
· Opt 2: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for the cell whose MCS field is referred for Type-3 CB index indication while PDSCH is scheduled for other cell(s).
· For example, this can be applied in case where the indication of co-scheduled cells is done based on the per-cell FDRA field.

Proposal 5: Consider the following options to determine the MCS field used for indication of the enhanced Type-3 CB index (in DCI format 1_3) in case of Type-3 CB triggering without PDSCH scheduling.
· Opt 1: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for all the co-scheduled cells.
· Opt 2: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for the cell whose MCS field is referred for Type-3 CB index indication while PDSCH is scheduled for other cell(s).

Clarification on Type 1C based CSI request field
Regarding the CSI request (and UL-SCH indicator) field in DCI format 0_3, the following agreement was made in RAN1#112.

	Agreement
CSI request in DCI format 0_X belongs to Type-1C field.
·  This field is applied to the cell with smallest serving cell index among the co-scheduled cells.

Agreement
UL-SCH indicator in DCI format 0_X belongs to Type-1C field.
· This field is applied to the cell with smallest serving cell index among the co-scheduled cells.



For the determination of smallest cell index to apply the indication in CSI request field, it needs to be clarified that the smallest cell index is among the cells configured with (non-zero) CSI request bits.

Proposal 6: Clarify that the smallest cell index to apply CSI request field in DCI format 0_3 is determined among the cells configured with (non-zero) CSI request bits. 

Clarification on Type 2 based HARQ ID/RV fields
Regarding the HARQ process number (HPN) and RV fields in DCI format 0_3/1_3, the following agreement was made in RAN1#112.

	Agreement
Size of HPN field can be configured per BWP per cell for DCI format 0_X/1_X.

Agreement
Size of RV field can be configured per BWP per cell for DCI format 0_X/1_X.



One thing to be clarified is that if the size of HPN/RV field for DCI format 0_3/1_3 is not configured, then the size of HPN/RV field in the DCI format 0_3/1_3 is determined as that in legacy DCI format.

Proposal 7: Clarify that if the size of HPN/RV field for DCI format 0_3/1_3 is not configured, then the size of HPN/RV field in the DCI format 0_3/1_3 is determined as that in legacy DCI format.

Clarification on Type 2 based MCS field
Regarding Type 2 based MCS field in terms of the RNTI associated with MCS table, the following agreement was made in RAN1#112.

	Agreement
DCI format 0_X/1_X with CRC scrambled by C-RNTI and MCS-C-RNTI is supported. 



On the above agreement, it needs to be clarified how to handle different MCS-C-RNTI (associated MCS table) configuration (i.e., presence or absence) across co-scheduled cells. For this, following alternatives can be considered.

· Alt 1: Not allow MCS-C-RNTI based scheduling for the co-scheduled cell combination having at least one cell without MCS-C-RNTI configuration
· Alt 2: Apply MCS table associated with C-RNTI for the cell without MCS-C-RNTI configuration even if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI
· Alt 3: Assume no scheduling on the cell without MCS-C-RNTI configuration if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI

Proposal 8: Consider the following alternatives to handle different MCS-C-RNTI (associated MCS table) configuration (i.e., presence or absence) across co-scheduled cells.
· Alt 1: Not allow MCS-C-RNTI based scheduling for the co-scheduled cell combination having at least one cell without MCS-C-RNTI configuration
· Alt 2: Apply MCS table associated with C-RNTI for the cell without MCS-C-RNTI configuration even if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI
· Alt 3: Assume no scheduling on the cell without MCS-C-RNTI configuration if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI

Handling of invalid scheduling by DCI format 0_3/1_3
Regarding multi-cell scheduling by DCI format 0_3/1_3, it is required to handle the case where a cell among co-scheduled cells would be invalid to schedule/transmit PDSCH/PUSCH due to some reasons, for example, in deactivated state or with dormant BWP or collided with semi-static UL/DL symbol or indicated with invalid FDRA/TDRA value. In this case, the PDSCH/PUSCH scheduled for the invalid cell is dropped and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.

Proposal 9: Consider the case where an invalid cell (e.g. in deactivated state or with dormant BWP or with UL/DL collision or with invalid FDRA/TDRA) is included within co-scheduled cells.
· Drop the PDSCH/PUSCH scheduled for the invalid cell and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.

Composition of the DCI fields in DCI format 0_3/1_3
Regarding the composition of Type 2 based fields in DCI format 0_3/1_3, in case where an invalid (e.g. deactivated or dormant) cell is included within the co-scheduled cells, the fields corresponding to the invalid cell in DCI format 0_3/1_3 can be omitted or determined based on a pre-defined (e.g. first active) BWP of the cell. In addition, in case when only one cell is scheduled by DCI format 0_3/1_3, the size of DCI fields (and the granularity/table (DCI code-points/states) used for the field indication) in the DCI format 0_3/1_3 is to be the same as that of legacy DCI.

Proposal 10: Consider the following aspects for the composition of (Type 2 based) DCI fields in DCI format 0_3/1_3.
· Determination on the size of the fields corresponding to the invalid (e.g. deactivated or dormant) cell in the DCI
· Fallback to the field sizes in legacy DCI in case when only one cell is scheduled by the DCI

Transform precoder indicator field in DCI format 0_3
Through Rel-18 CE WI, dynamic waveform switching (DWS) for PUSCH transmission is supported by introducing Transform precoder indicator field in UL DCI. Thus for multi-cell PUSCH scheduling with DCI format 0_3, the field type of Transform precoder indicator field in the DCI needs to be decided. Considering DCI overhead and similar UL coverage situation across cells, it is reasonable to classify the Transform precoder indicator field as Type-1A.

Proposal 11: Consider Transform precoder indicator field (introduced for dynamic waveform switching) in DCI format 0_3 as Type-1A field.

DMRS sequence initialization field in DCI format 0_3
Currently for DCI format 0_3 in TS38.212, DMRS sequence initialization field is captured as the following, but the clarification is needed that the field is 1 bit only if at least one of co-scheduled cells is configured with CP-OFDM waveform or above DWS operation (otherwise, it is 0 bit).

	-	DMRS sequence initialization – 1 bit. This field is applied to all the scheduled cells indicated by Scheduled cells indicator field or Frequency domain resource assignment field independently.   



Proposal 12: Clarify the size of DMRS sequence initialization filed in DCI format 0_3 as the following.
· 1 bit if at least one of co-scheduled cells is configured with CP-OFDM waveform (i.e., transform precoder is disabled) or DWS operation (i.e., Transform precoder indicator field is present)
· 0 bit otherwise

Handling on the cell configured with two TCI states
Regarding TCI field in DCI format 1_3, it may need to clarify/decide how to handle (more specifically, how to determine a TCI state for) the cell configured with two TCI states for a single TCI code-point. As for the case configured with two SRS resource sets, similar handling can be applied that the first TCI state between the two TCI states (associated with a TCI code-point) is applied to the cell in case when it is scheduled by DCI format 1_3.

Proposal 13: Clarify how to handle (i.e., how to determine a TCI state for) the cell configured with two TCI states for a TCI code-point as the following.
· The first TCI state between the two TCI states (associated with a TCI code-point) is applied to the cell in case when it is scheduled by DCI format 1_3

Summary
In this contribution, we discussed on the remaining issues on Rel-18 multi-cell scheduling, and the followings are proposed.

Proposal 1: Consider the following alternatives for Type 1A field to handle the cell X configured with smaller number of DCI code-points/states than the maximum number among the cells configured for multi-cell scheduling.
· Alt 1: Interpret LSB part within Type 1A field for the cell X
· Alt 2: Fill (high) DCI code-points/states with valid values for the cell X
· Alt 3: Apply default value if invalid code-point/state for the cell X is indicated
· Alt 4: Assume no change from latest indication if invalid code-point/state for the cell X is indicated
· Alt 5: Assume no scheduling on cell X if invalid code-point/state for the cell X is indicated
Proposal 2: Clarify the followings to handle different Priority indicator (denoted as “PI”) configuration (i.e., presence or absence) across co-scheduled cells.
· Apply the priority indicated via DCI format 0_3 if all co-scheduled cells are configured with PI
· Assume LP for all co-scheduled cells if at least one among the cells is not configured with PI
Proposal 3: Consider the following options to interpret Type 2 fields in DCI format 0_3/1_3 according to source/target BWP index across the cells in case of BWP switching by the DCI.
· Opt 1: Apply the existing DCI interpretation rule per each of co-scheduled cells individually by comparing the size of single-cell field (within Type 2 field) configured for source BWP index and the size of single-cell field configured for target BWP index (for a same cell)
· Opt 2: Apply the existing DCI interpretation rule for entire Type 2 field by comparing the size of entire Type 2 field determined for source BWP index and the sum of single-cell field sizes corresponding to the co-scheduled cells configured for target BWP index 
Proposal 4: Clarify the following cases to update the reference TCI (code-point) table for Type 1B based TCI field in DCI format 1_3 based on TCI state update by MAC CE.
· Case 1: When the number of TCI code-points configured in the reference table is smaller than those activated by MAC CE (e.g. the activated TCI code-point not contained in the reference table is not indicated/supported by DCI format 1_3?)
· Case 2: When the number of TCI code-points configured in the reference table is larger than those activated by MAC CE (e.g. how to handle the table row containing a non-activated TCI code-point for a cell? treat the row itself as invalid? or assume no scheduling for the cell? or apply a default TCI for the cell?)
Proposal 5: Consider the following options to determine the MCS field used for indication of the enhanced Type-3 CB index (in DCI format 1_3) in case of Type-3 CB triggering without PDSCH scheduling.
· Opt 1: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for all the co-scheduled cells.
· Opt 2: If at least one of co-scheduled cells is indicated with invalid FDRA value, then the Type-3 CB index is indicated via the MCS field corresponding to one of the cell(s) indicated with invalid FDRA value, and no PDSCH scheduling is assumed for the cell whose MCS field is referred for Type-3 CB index indication while PDSCH is scheduled for other cell(s).
Proposal 6: Clarify that the smallest cell index to apply CSI request field in DCI format 0_3 is determined among the cells configured with (non-zero) CSI request bits. 
Proposal 7: Clarify that if the size of HPN/RV field for DCI format 0_3/1_3 is not configured, then the size of HPN/RV field in the DCI format 0_3/1_3 is determined as that in legacy DCI format.
Proposal 8: Consider the following alternatives to handle different MCS-C-RNTI (associated MCS table) configuration (i.e., presence or absence) across co-scheduled cells.
· Alt 1: Not allow MCS-C-RNTI based scheduling for the co-scheduled cell combination having at least one cell without MCS-C-RNTI configuration
· Alt 2: Apply MCS table associated with C-RNTI for the cell without MCS-C-RNTI configuration even if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI
· Alt 3: Assume no scheduling on the cell without MCS-C-RNTI configuration if DCI format 0_3/1_3 is scheduled based on MCS-C-RNTI
Proposal 9: Consider the case where an invalid cell (e.g. in deactivated state or with dormant BWP or with UL/DL collision or with invalid FDRA/TDRA) is included within co-scheduled cells.
· Drop the PDSCH/PUSCH scheduled for the invalid cell and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.
Proposal 10: Consider the following aspects for the composition of (Type 2 based) DCI fields in DCI format 0_3/1_3.
· Determination on the size of the fields corresponding to the invalid (e.g. deactivated or dormant) cell in the DCI
· Fallback to the field sizes in legacy DCI in case when only one cell is scheduled by the DCI
Proposal 11: Consider Transform precoder indicator field (introduced for dynamic waveform switching) in DCI format 0_3 as Type-1A field.
Proposal 12: Clarify the size of DMRS sequence initialization filed in DCI format 0_3 as the following.
· 1 bit if at least one of co-scheduled cells is configured with CP-OFDM waveform (i.e., transform precoder is disabled) or DWS operation (i.e., Transform precoder indicator field is present)
· 0 bit otherwise
Proposal 13: Clarify how to handle (i.e., how to determine a TCI state for) the cell configured with two TCI states for a TCI code-point as the following.
· The first TCI state between the two TCI states (associated with a TCI code-point) is applied to the cell in case when it is scheduled by DCI format 1_3
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