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1. Introduction
[bookmark: _Hlk101186498]During RAN1 #111, companies have extensive discussions and agreements on multi-cell PUSCH/PDSCH scheduling; two agreements are copied below [1]:
[bookmark: OLE_LINK899]
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 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.


[bookmark: OLE_LINK911]Besides, in the moderator summary section 6 during RAN1 #110-bis-e [2], the following proposals are proposed with majority support but not agreed, and still not addressed in RAN1 #111:

[bookmark: OLE_LINK929][bookmark: OLE_LINK249]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.

[bookmark: OLE_LINK916]Proposal 3-5rev7:
· [bookmark: OLE_LINK915]For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.

[bookmark: OLE_LINK925][bookmark: OLE_LINK924]Proposal 2-6rev1:
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  

[bookmark: OLE_LINK909][bookmark: OLE_LINK905][bookmark: OLE_LINK907][bookmark: OLE_LINK906]Proposal 2-8rev2:
· [bookmark: OLE_LINK908]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.


Besides, there is one issue about PDCCH monitoring of non-scheduling cells that
· In cross-carrier scheduling, UE does not expect to monitor PDCCH candidates on non-scheduling cells.
To maintain the benefit of UE power saving, we think the same rule for non-scheduling cells should be applied to R18 multi-cell scheduling.

This contribution provides our views on multi-cell PUSCH/PDSCH scheduling with a single DCI. 

2. PDCCH monitoring of non-scheduling cells
In 38.213 [3], for cross-carrier scheduling, it is designated that “UE does not expect to monitor PDCCH candidates on non-scheduling cells”, and this constraint applies to both scheduling DCIs and non-scheduling DCIs.

Observation 1: In 38.213 [3], for cross-carrier scheduling, it is designated that “UE does not expect to monitor PDCCH candidates on non-scheduling cells” as shown below, and this constraint applies to both scheduling DCIs and non-scheduling DCIs.
10.1	 UE procedure for determining physical downlink control channel assignment
…
A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.

Observation 1 is important to UE power saving, since the PDCCH monitoring power on non-scheduling cell is saved completely. This is a critical appealing point for UE vendors to implement this kind of cross/multi carrier scheduling features. 

Observation 2: Observation 1 is important to UE power saving, since the PDCCH monitoring power on non-scheduling cell is saved completely. This is a critical appealing point for UE vendors to implement this kind of cross/multi carrier scheduling features.

Hence, we have the following proposal:

Proposal 1: To maintain the benefit of UE power saving, the same rule for PDCCH monitoring of non-scheduling cells in legacy is applied to R18 multi-cell scheduling:
· A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates of PDSCH/PUSCH scheduling for that secondary cell on another serving cell.

3. [bookmark: OLE_LINK254]DCI size alignment
[bookmark: OLE_LINK913][bookmark: OLE_LINK918]For Proposal 2-8rev2 in the moderator summary during RAN1 #110-bis-e [2], we think it can be agreed to simplify the R18 MC DCI design.

[bookmark: OLE_LINK910]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.

[bookmark: OLE_LINK935][bookmark: OLE_LINK921]Proposal 2: RAN1 to agree on Proposal 2-8rev2 on payload size of 0_X/1_X in the moderator summary during RAN1 #110-bis-e [2].
4. [bookmark: OLE_LINK914]Scheduled cells indication in the multi-carrier scheduling DCI
[bookmark: OLE_LINK919]In RAN1 #111 [1], the following is agreed:

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.

For scheduled cells indication in the multi-carrier scheduling DCI, since only up to 4 cells can be configured in one set, we have the following proposal:

[bookmark: OLE_LINK920][bookmark: OLE_LINK255][bookmark: OLE_LINK936]Proposal 3: For scheduled cells indication in the multi-carrier scheduling DCI, since only up to 4 cells can be configured in one set, introduce a bitmap in the DCI as below:
· Bitmap size = number of configured scheduled cells for this set (Ex. 4  bc1bc2bc3bc4)
· Each bit corresponds to one of the configured scheduled cells, with MSB to LSB of the bitmap corresponding to the first to last configured scheduled cells in ascending order of ServCellIndex
· Number of 1’s in the bitmap <= maximum number of cells that can be scheduled simultaneously (Ex. 3)

5. [bookmark: OLE_LINK244]Discussion on CCE location staggering and search space configuration
In 38.213 [3] 10.1, the CCE location of different carrier are staggered to decrease the PDCCH blocking rate as copied below.
[image: ]

We hence have the following proposal to utilize the CCE location staggering for multi-carrier scheduling DCI.

[bookmark: OLE_LINK251][bookmark: OLE_LINK256][bookmark: OLE_LINK937]Proposal 4: Use the CCE index formula in 38.213 10.1 to stagger the DCI with different set of scheduled cells. When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells.  One example is shown below:
	A set of cells which is configured for multi-cell scheduling
	nCI (set index)

	Cell 1, Cell 2, Cell 3, Cell 4
	0

	Cell 2, Cell 3
	1

	Cell 2, Cell 3, Cell 4
	2

	Cell 1, Cell 3
	3



For Proposal 2-6rev1 in the moderator summary during RAN1 #110-bis-e [2], the first sub-bullet shown below is the same as Proposal 8 above and we support it.

[bookmark: OLE_LINK926]Proposal 2-6rev1:
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  

For the second sub-bullet in Proposal 2-6rev1, we think it is too strict. For a 4-cell CA, if {Cell 1, Cell 2, Cell 3, Cell 4} is configured as one set for multi-cell scheduling, then there can be no other sets configured since the two sets would always have overlapped cells. Hence, we think it is more reasonable to say that 
· When multiple sets of cells are configured for multi-cell scheduling, a scheduled cells combination in one set of cells can’t be included in another set of cells.

Observation 3: When multiple sets of cells are configured for multi-cell scheduling, it is too strict to limit that a cell in one set of cells can’t be included in another set of cells. For example, for a 4-cell CA, if {Cell 1, Cell 2, Cell 3, Cell 4} is configured as one set for multi-cell scheduling, then there can be no other sets configured since the two sets would always have overlapped cells.

Proposal 5: When multiple sets of cells are configured for multi-cell scheduling, a scheduled cells combination in one set of cells can’t be included in another set of cells. One example is shown below:
	A set of cells which is configured for multi-cell scheduling
	nCI (set index)
	Scheduled cells combinations in this set

	Cell 1, Cell 2, Cell 3, Cell 4
	0
	[1, 2, 3, 4], [1, 2, 3]

	Cell 2, Cell 3
	1
	[2, 3], [2], [3] 

	Cell 2, Cell 3, Cell 4
	2
	[2, 3, 4], [3, 4], [4]

	Cell 1, Cell 3
	3
	[1, 3], [1]



6. Discussion on reference PDSCH for HARQ-ACK feedback
For the following RAN1 #110 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 n+k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n is the last UL slot overlapping with the DL slot nD 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 nD for sub-slot based PUCCH.
· FFS details of reference PDSCH

[bookmark: OLE_LINK252][bookmark: OLE_LINK933]We think reference PDSCH of a PUCCH carrying HARQ-ACK should be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI as the majority supported Proposal 4-1rev2 in the moderator summary during RAN1 #110-bis-e [2].

[bookmark: OLE_LINK931]Proposal 4-1rev2:
· [bookmark: OLE_LINK934]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.

[bookmark: OLE_LINK257][bookmark: OLE_LINK938]Proposal 6: Reference PDSCH of a PUCCH carrying HARQ-ACK should be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI as the majority supported Proposal 4-1rev2 in the moderator summary during RAN1 #110-bis-e [2].
7. [bookmark: OLE_LINK203]Conclusion
In this contribution, we focus on the discussions for R18 multi-cell PUSCH/PDSCH scheduling and have the following observations and proposals:

Observation 1: In 38.213 [3], for cross-carrier scheduling, it is designated that “UE does not expect to monitor PDCCH candidates on non-scheduling cells” as shown below, and this constraint applies to both scheduling DCIs and non-scheduling DCIs.
10.1	 UE procedure for determining physical downlink control channel assignment
…
A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.

Observation 2: Observation 1 is important to UE power saving, since the PDCCH monitoring power on non-scheduling cell is saved completely. This is a critical appealing point for UE vendors to implement this kind of cross/multi carrier scheduling features.

Proposal 1: To maintain the benefit of UE power saving, the same rule for PDCCH monitoring of non-scheduling cells in legacy is applied to R18 multi-cell scheduling:
· A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates of PDSCH/PUSCH scheduling for that secondary cell on another serving cell.

Proposal 2: RAN1 to agree on Proposal 2-8rev2 on payload size of 0_X/1_X in the moderator summary during RAN1 #110-bis-e [2].

Proposal 3: For scheduled cells indication in the multi-carrier scheduling DCI, since only up to 4 cells can be configured in one set, introduce a bitmap in the DCI as below:
· Bitmap size = number of configured scheduled cells for this set (Ex. 4  bc1bc2bc3bc4)
· Each bit corresponds to one of the configured scheduled cells, with MSB to LSB of the bitmap corresponding to the first to last configured scheduled cells in ascending order of ServCellIndex
· Number of 1’s in the bitmap <= maximum number of cells that can be scheduled simultaneously (Ex. 3)

Proposal 4: Use the CCE index formula in 38.213 10.1 to stagger the DCI with different set of scheduled cells. When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells.  One example is shown below:
	A set of cells which is configured for multi-cell scheduling
	nCI (set index)

	Cell 1, Cell 2, Cell 3, Cell 4
	0

	Cell 2, Cell 3
	1

	Cell 2, Cell 3, Cell 4
	2

	Cell 1, Cell 3
	3



Observation 3: When multiple sets of cells are configured for multi-cell scheduling, it is too strict to limit that a cell in one set of cells can’t be included in another set of cells. For example, for a 4-cell CA, if {Cell 1, Cell 2, Cell 3, Cell 4} is configured as one set for multi-cell scheduling, then there can be no other sets configured since the two sets would always have overlapped cells.

Proposal 5: When multiple sets of cells are configured for multi-cell scheduling, a scheduled cells combination in one set of cells can’t be included in another set of cells. One example is shown below:
	A set of cells which is configured for multi-cell scheduling
	nCI (set index)
	Scheduled cells combinations in this set

	Cell 1, Cell 2, Cell 3, Cell 4
	0
	[1, 2, 3, 4], [1, 2, 3]

	Cell 2, Cell 3
	1
	[2, 3], [2], [3] 

	Cell 2, Cell 3, Cell 4
	2
	[2, 3, 4], [3, 4], [4]

	Cell 1, Cell 3
	3
	[1, 3], [1]



Proposal 6: Reference PDSCH of a PUCCH carrying HARQ-ACK should be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI as the majority supported Proposal 4-1rev2 in the moderator summary during RAN1 #110-bis-e [2].

8. [bookmark: OLE_LINK205]Reference
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