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1. Introduction
[bookmark: _Hlk101186498]During RAN1 #109e [1], companies have some discussions on multi-cell PUSCH/PDSCH scheduling, and the following summary can be drawn from the RAN1 #109e agreements [1], while the detailed agreements can be found in the appendix

· DCI format 0_X/1_X are used to schedule PUSCHs/PDSCHs on multiple cells
· DCI format 0_X/1_X can be used for single cell PUSCH/PDSCH scheduling
· FFS: Co-existence with DCI 0_1/1_1
· FFS: Whether/how DCI size budget limit (legacy: “3+1” per scheduled cell) is maintained (in terms of scheduling cell or scheduled cell)
· FFS: How to do BD/CCE counting for multi-cell scheduling DCI
· FFS: How to indicate the scheduled cells in DCI format 0_X/1_X
· FFS: For each DCI field in 0_X/1_X, common or separate or configurable
This paper provides our views on multi-cell PUSCH/PDSCH scheduling with a single DCI. Sections 1~8 are generic for both 1-segment and 2-segment DCI design. Section 9 is specific for 2-segment DCI design. 
2. On DCI payload limitation and maximum number of cells that can be scheduled simultaneously
According to 38.212 [2], the 5G NR polar code supports a maximum DCI size of 164 bits due to the interleaver design. Equivalently, DCI without CRC can have at most 140 payload bits.

[bookmark: _Toc56763788]In RAN1 #103e [3], the following assumption of DCI payload size on two-cell PDSCH scheduling via a single DCI is agreed:

Agreement
	DCI payload size (excluding CRC)
	Single PDSCH scheduling: 60 bits as baseline payload size
Two-cell PDSCH scheduling: 72/84/96/104 bits



The number of bits for common bit fields is assumed to be 48/36/24/12, and the number of bits for designated bit fields is assumed to be 12/24/36/44.

Assume the number of bits for common bit fields to be 24, and the number of bits for designated bit fields to be 36. In Figure 1, the 140 bits DCI payload limit can only accommodate up to 3 cells if one DCI segment is used (b). One potential way to increase the maximum number of cells that can be scheduled simultaneously is to divide a single DCI into two segments, as shown in Figure 1(c).

Observation 1: Assuming the number of bits for common bit fields is 24, and the number of bits for designated bit fields is 36 (from [3]). In Figure 1, the 140 bits DCI payload limit can only accommodate up to 3 cells if one DCI segment is used. One potential way to increase the maximum number of cells that can be scheduled simultaneously is to divide a single DCI into two segments, as shown in Figure 1(c).
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Figure 1. Comparison of legacy scheme v.s. one/two segment DCI aggregation, assuming 4 cells scheduled, number of bits for common bit fields is 24, number of bits for designated bit fields is 36

In RAN1 #109e [1], it is agreed that:
Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is selected from {3, 4, 8}.

However, even with two-segment DCI, it would still be hard to accommodate 8 cells; hence, it would be more reasonable to choose the maximum number of co-scheduled cells by a DCI to be 3 or 4.

Observation 2: It would be hard to accommodate 8 cells using either one-segment or two-segment DCI; hence, it would be more reasonable to choose the maximum number of co-scheduled cells by a DCI to be 3 or 4.

From [4], there are some observations drawn about the number of typical number of scheduled PDSCH/PUSCH:
· Observation 1: The typical number of cells scheduled by a single DCI for PDSCH scheduling can be 2 or 3 for FR1 CA and 4 or 8 for FR2 CA.
· Observation 2: The typical number of cells scheduled by a single DCI for PUSCH scheduling can be 2 or 3 for FR1 CA and 2 for FR2 CA.
· Observation 3: For a single DCI containing 2 or 3 scheduled cells, the payload size of single DCI can be reduced without sacrificing performance and much scheduling flexibility.
· Observation 4: For a single DCI containing 4 or 8 scheduled cells, more fields are required to be shared among scheduled cells and some transmission features cannot be supported to maintain the DCI payload size limitation.

Observation 3: From [4], it is observed that the typical number of simultaneously scheduled cells is 2 or 3 for FR1 CA DL, FR1 CA UL, and FR2 CA UL (2). At the same time, the typical number of simultaneously scheduled cells is 4 or 8 for FR2 CA DL.

Combining Observation 2 & 3, we have the following proposal:

Proposal 1: The maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is set to be 3.
3. Discussion on number of different DCI sizes
In this section, we discuss the required number of different DCI sizes for 1-segment and 2-segment DCI design.
Assume max number of co-scheduled cells simultaneously = 3, an example of the 1-segment and 2-segment DCI design is shown below in Figure 2. 

[image: ]
Figure 2. Comparison of number of different DCI sizes for 1-segment and 2-segment DCI

Assuming
· For 1-segment DCI, the DCI length is set to be same (with potential zero padding) if the number of scheduled cells is the same
· DL and UL DCI length can still be different, like 1_1 and 0_1
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different

Then, for multi-carrier scheduling DCI scrambled by C-RNTI,
· 1-segment DCI would need 1 (fallback) + 3*2 (non-fallback-1/2/3 cells, DL/UL) = 7 sizes
· 2-segment DCI would need 1 (fallback & short segment) + 1 (long-segment DL) + 1 (long-segment UL) = 3 sizes

We hence have the following proposals and observations.

Proposal 2: RAN1 to consider both 1-segment and 2-segment DCI design (as shown in Figure 2) and compare their pros and cons to support R18 multi-cell PUSCH/PDSCH scheduling with a single DCI.

Proposal 3: 
· For 1-segment DCI, the DCI length is set to be the same if the number of scheduled cells is the same (with potential zero padding)
· DL and UL DCI length can still be different, like 1_1 and 0_1
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0, with potential zero padding), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different

Observation 4: With Proposal 3 assumed, for multi-carrier scheduling DCI scrambled by C-RNTI,
· 1-segment DCI would need 1 (fallback) + 3*2 (non-fallback-1/2/3 cells, DL/UL) = 7 sizes
· 2-segment DCI would need 1 (fallback & short segment) + 1 (long-segment DL) + 1 (long-segment UL) = 3 sizes

From Observation 4, on top of the fallback DCI size, 1-segment DCI would need 6 DCI sizes, and 2-segment DCI would need 2 DCI sizes. For non-fallback DCI, compared to 2-segment design, 1-segment design requires 3 times (26) of DCI sizes, and can have only one-third available BD number for each DCI size. According to Figure 3, 1-segment DCI would have about 2 times PDCCH blocking probability compared to 2-segment DCI.

Observation 5: For non-fallback DCI, compared to 2-segment design, 1-segment design requires 3 times (26) of DCI sizes, and can have only one-third available BD number for each DCI size. According to Figure 3, 1-segment DCI would have about 2 times PDCCH blocking probability compared to 2-segment DCI.
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Figure 3. PDCCH blocking probability and available BD number

On the other hand, legacy DCI size budget limit is “3+1” for each scheduled cell. For multi-carrier scheduling, it is enough to count DCI size in only one cell to simplify the design.

Proposal 4: To simplify the design, DCI size budget of multi-cell scheduling DCI is counted in one scheduling cell or one non-scheduling cell, e.x., cell with smallest ServCellIndex.
4. Discussion on DCI payload length
As shown in Figure 2, for 1-segment DCI design, if 3 cells are scheduled, the DCI payload length could be about 132 bits, while the DCI payload length of 1-cell scheduling is about 60 bits. In Figure 4, we used link level simulator (LLS) to compare the PDCCH BLER between 60bits & 132bits DCI payload. Looking at the 10dB SNR point, for AL 2, 132 bits of DCI payload would suffer 8 times higher BLER compared to 60 bits DCI payload. This means there may be a higher probability for UE to loss the scheduling data of all the 3 cells with a higher (say 8 times) probability.  

Observation 6: Link level simulation in Figure 4 shows that, at the 10dB SNR point, for AL 2, 132 bits of DCI payload (3 cell scheduling) would suffer 8 times higher BLER compared to 60 bits DCI payload (1 cell scheduling). This means there may be a higher probability for UE to loss the scheduling data of all the 3 cells with a higher (say 8 times) probability.
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Figure 4. Comparison of PDCCH BLER between 60bits & 132bits DCI payload using link level simulator

To compensate this negative effect mentioned in Observation 6, for 1-segment DCI, it would be helpful to configure more BD/CCE to the DCI which schedules more cells. On the other hand, for 2-segment DCI, it would be helpful to configure more BD/CCE to the 1st segment to avoid error propagation.

Proposal 5: For 1-segment DCI, the UE specific search spaces are separately configured for each number of scheduled cells (Ex. 1, 2, 3, …); it would be helpful to configure more BD/CCE to the DCI which schedules more cells to compensate the negative effect mentioned in Observation 6. For 2-segment DCI, the UE specific search spaces are separately configured for each segment; it would be helpful to configure more BD/CCE to the 1st segment to avoid error propagation.
5. On BD/CCE limit scaling and counting
As mentioned in Section 4, it may be helpful to configure more BD/CCE to the DCI which possesses more/critical information. We hence have the following proposal:

Proposal 6: For 1-segment DCI, on scheduling cell with SCS = µ, assuming maximum number of scheduled cells = 3
· For 1-cell scheduling DCI, no more than  PDCCH BD candidates per slot
· For 2-cell scheduling DCI, no more than  PDCCH BD candidates per slot
· For 3-cell scheduling DCI, no more than  PDCCH BD candidates per slot
where the values can be configured or predefined to enhance DCI which possesses more information.

Proposal 7: For 2-segment DCI, on scheduling cell with SCS = µ,
· For 1st DCI segment, no more than  PDCCH BD candidates per slot
· For 2nd DCI segment, no more than  PDCCH BD candidates per slot
where the values can be configured or predefined to enhance DCI which possesses critical information.

On the other hand, it leads to significant increase of UE complexity if UE is required to process N times larger number of BDs or channel estimations, when there are N cells for multi-carrier scheduling. Hence, the BD/CCE limit should be scaled down to less than N to ensure a benefit of this feature from UE side.

Proposal 8: The BD/CCE limit of multi-carrier scheduling to schedule N cells should be scaled down to less than N to ensure a benefit of this feature from UE side. The BD/CCE can be counted only in one scheduled cell or scaled down to each of co-scheduled cell.
6. On scheduled cells indication in the multi-carrier scheduling DCI
As shown in Figure 2, the green part refers to the scheduled cells indication. For this part, we have the following proposal:

Proposal 9: The green part in Figure 2 consist of a bitmap indicating cell(s) scheduled by the 1st and/or 2nd DCI segment:
· Bitmap size = number of configured scheduled cells for this scheduling cell (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)
· Only an “1” in the bit map means there is no 2nd segment (Only for 2-segment DCI design)
7. Discussion on CCE location staggering and search space configuration
In 38.213 [5] 10.1, the CCE location of different carrier are staggered to decrease the PDCCH blocking rate as copied below.
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We hence have the following proposal to utilize the CCE location staggering for multi-carrier scheduling DCI.

Proposal 10: If 1-segment DCI is applied, use the CCE index formula in 38.213 10.1 to stagger the DCI with different number (or set) of scheduled cells, where nCI is replaced by a mapping with “number of scheduled cells”, (e.g., nCI = number of scheduled cells -1) or nCI is replaced by the set index where one set contains a group of cells.

Proposal 11: If 2-segment DCI is applied, use the CCE index formula in 38.213 10.1 to stagger the 1st DCI segment and 2nd DCI segment, where for the 2nd DCI segment, nCI is replaced by the corresponding RRC configuration, for example, under SearchSpace, or a predefined number; for the 1st DCI segment, nCI is set to zero.

On the other hand, the search space design can be simplified if search spaces (searchSpace) for DCI 0_X/1_X are only configured on the scheduling cell.

Proposal 12: For RRC configuration, search spaces (searchSpace) for DCI 0_X/1_X are only configured on the scheduling cell.
8. Discussion on common/dedicated DCI fields
For which DCI fields should be common bit fields and which DCI fields should be designated bit fields (which would be assigned independently for each scheduled cell), this has gone through a long discussion during R17 two-cell PDSCH scheduling agenda and R18 RAN1 #109e. 

Observation 7: For which DCI fields should be common bit fields and which DCI fields should be designated bit fields (which would be assigned independently for each scheduled cell), this has gone through a long discussion during R17 two-cell PDSCH scheduling agenda and R18 RAN1 #109e. 

To move the discussion forward and keep good flexibility on DCI fields usage, we have the following proposal:

Proposal 13: For R18 multi-cell PUSCH/PDSCH scheduling with a single DCI, it is up to network RRC configuration to assign which DCI fields to be common bit fields and which DCI fields to be designated bit fields (which would be assigned independently for each scheduled cell)
· For example, through a bitmap to determine each DCI bit field is a common bit field or a designated bit field with one bit
9. Discussion on 2-segment DCI specific design
This section is for discussion on 2nd DCI segment specific design. An illustration example for 2-segement DCI can be found in Figure 2.

For the 2-segement aggregated DCI, to avoid UE implementation impact, the 2 segments can be decoded separately on the same scheduling cell The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI with some link procedure.

Proposal 14: For the 2-segment aggregated DCI, the 1st and 2nd segment DCI are decoded separately on the same scheduling cell. The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI. The link procedure of 1st and 2nd segment DCI can be based on some designated DCI bit values of the 1st or 2nd segment DCI
· The 2nd segment is identified by one additional DCI bit for both 1st/2nd segment DCI (Ex. 0  1st segment, 1  2nd segment)
· The 1st and 2nd segments are linked if they are on the same scheduling cell and same slot/symbol
· Among cells with bitmap value 1 in the 1st segment, scheduling information of the cell with lowest ServCellIndex is put in the 1st DCI segment.
· Add one additional IE SegmentId under SearchSpace to specify this search space is for 1st segment or 2nd segment
· The linked 1st segment and 2nd segment DCI should be “both DL scheduling DCIs” or “both UL scheduling DCIs”
10. 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: Assuming the number of bits for common bit fields is 24, and the number of bits for designated bit fields is 36 (from [3]). In Figure 1, the 140 bits DCI payload limit can only accommodate up to 3 cells if one DCI segment is used. One potential way to increase the maximum number of cells that can be scheduled simultaneously is to divide a single DCI into two segments, as shown in Figure 1(c).

Observation 2: It would be hard to accommodate 8 cells using either one-segment or two-segment DCI; hence, it would be more reasonable to choose the maximum number of co-scheduled cells by a DCI to be 3 or 4.

Observation 3: From [4], it is observed that the typical number of simultaneously scheduled cells is 2 or 3 for FR1 CA DL, FR1 CA UL, and FR2 CA UL (2). At the same time, the typical number of simultaneously scheduled cells is 4 or 8 for FR2 CA DL.

Proposal 1: The maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is set to be 3.
 
Proposal 2: RAN1 to consider both 1-segment and 2-segment DCI design (as shown in Figure 2) and compare their pros and cons to support R18 multi-cell PUSCH/PDSCH scheduling with a single DCI.

Proposal 3: 
· For 1-segment DCI, the DCI length is set to be the same if the number of scheduled cells is the same (with potential zero padding)
· DL and UL DCI length can still be different, like 1_1 and 0_1
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0, with potential zero padding), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different

Observation 4: With Proposal 3 assumed, for multi-carrier scheduling DCI scrambled by C-RNTI,
· 1-segment DCI would need 1 (fallback) + 3*2 (non-fallback-1/2/3 cells, DL/UL) = 7 sizes
· 2-segment DCI would need 1 (fallback & short segment) + 1 (long-segment DL) + 1 (long-segment UL) = 3 sizes

Observation 5: For non-fallback DCI, compared to 2-segment design, 1-segment design requires 3 times (26) of DCI sizes, and can have only one-third available BD number for each DCI size. According to Figure 3, 1-segment DCI would have about 2 times PDCCH blocking probability compared to 2-segment DCI.

Proposal 4: To simplify the design, DCI size budget of multi-cell scheduling DCI is counted in one scheduling cell or one non-scheduling cell, e.x., cell with smallest ServCellIndex.

Observation 6: Link level simulation in Figure 4 shows that, at the 10dB SNR point, for AL 2, 132 bits of DCI payload (3 cell scheduling) would suffer 8 times higher BLER compared to 60 bits DCI payload (1 cell scheduling). This means there may be a higher probability for UE to loss the scheduling data of all the 3 cells with a higher (say 8 times) probability.

Proposal 5: For 1-segment DCI, the UE specific search spaces are separately configured for each number of scheduled cells (Ex. 1, 2, 3, …); it would be helpful to configure more BD/CCE to the DCI which schedules more cells to compensate the negative effect mentioned in Observation 6. For 2-segment DCI, the UE specific search spaces are separately configured for each segment; it would be helpful to configure more BD/CCE to the 1st segment to avoid error propagation.

Proposal 6: For 1-segment DCI, on scheduling cell with SCS = µ, assuming maximum number of scheduled cells = 3
· For 1-cell scheduling DCI, no more than  PDCCH BD candidates per slot
· For 2-cell scheduling DCI, no more than  PDCCH BD candidates per slot
· For 3-cell scheduling DCI, no more than  PDCCH BD candidates per slot
where the values can be configured or predefined to enhance DCI which possesses more information.

Proposal 7: For 2-segment DCI, on scheduling cell with SCS = µ,
· For 1st DCI segment, no more than  PDCCH BD candidates per slot
· For 2nd DCI segment, no more than  PDCCH BD candidates per slot
where the values can be configured or predefined to enhance DCI which possesses critical information.

Proposal 8: The BD/CCE limit of multi-carrier scheduling to schedule N cells should be scaled down to less than N to ensure a benefit of this feature from UE side. The BD/CCE can be counted only in one scheduled cell or scaled down to each of co-scheduled cell.

Proposal 9: The green part in Figure 2 consist of a bitmap indicating cell(s) scheduled by the 1st and/or 2nd DCI segment:
· Bitmap size = number of configured scheduled cells for this scheduling cell (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)
· Only an “1” in the bit map means there is no 2nd segment (Only for 2-segment DCI design)

Proposal 10: If 1-segment DCI is applied, use the CCE index formula in 38.213 10.1 to stagger the DCI with different number (or set) of scheduled cells, where nCI is replaced by a mapping with “number of scheduled cells”, (e.g., nCI = number of scheduled cells -1) or nCI is replaced by the set index where one set contains a group of cells.

Proposal 11: If 2-segment DCI is applied, use the CCE index formula in 38.213 10.1 to stagger the 1st DCI segment and 2nd DCI segment, where for the 2nd DCI segment, nCI is replaced by the corresponding RRC configuration, for example, under SearchSpace, or a predefined number; for the 1st DCI segment, nCI is set to zero.

Proposal 12: For RRC configuration, search spaces (searchSpace) for DCI 0_X/1_X are only configured on the scheduling cell.

Observation 7: For which DCI fields should be common bit fields and which DCI fields should be designated bit fields (which would be assigned independently for each scheduled cell), this has gone through a long discussion during R17 two-cell PDSCH scheduling agenda and R18 RAN1 #109e. 

Proposal 13: For R18 multi-cell PUSCH/PDSCH scheduling with a single DCI, it is up to network RRC configuration to assign which DCI fields to be common bit fields and which DCI fields to be designated bit fields (which would be assigned independently for each scheduled cell)
· For example, through a bitmap to determine each DCI bit field is a common bit field or a designated bit field with one bit

Proposal 14: For the 2-segment aggregated DCI, the 1st and 2nd segment DCI are decoded separately on the same scheduling cell. The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI. The link procedure of 1st and 2nd segment DCI can be based on some designated DCI bit values of the 1st or 2nd segment DCI
· The 2nd segment is identified by one additional DCI bit for both 1st/2nd segment DCI (Ex. 0  1st segment, 1  2nd segment)
· The 1st and 2nd segments are linked if they are on the same scheduling cell and same slot/symbol
· Among cells with bitmap value 1 in the 1st segment, scheduling information of the cell with lowest ServCellIndex is put in the 1st DCI segment.
· Add one additional IE SegmentId under SearchSpace to specify this search space is for 1st segment or 2nd segment
· The linked 1st segment and 2nd segment DCI should be “both DL scheduling DCIs” or “both UL scheduling DCIs”
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12. Appendix
RAN1 #109e agreements for 9.10.1 Multi-cell PUSCH/PDSCH scheduling with a single DCI:

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.

image3.png
M. Mozaffari et al, “Blocking Probability Analysis for 5G New Radio (NR)
Physical Downlink Control Channel”, ICC, 2021

0.7 . .
- -G - Reduced BD, Case A
* ~ —% - Reduced BD, Case B
061~ * —P— Reference Case
205
z
8
o 0.4
a
o3
K4
(53
o
m 0.2

Original: 15%

L

L I L

0 1
20 30

40

50 60 70

CORESET size (number of CCEs)

80

50% BD
100% BD




image4.png
BLER

Num_Rx = 2, dealy spread = 30*1e-9 sec, Doppler spread = 10 Hz,
Channel = TDL-A, DCI_len = 60

10-2 & i
-15 -10 -5 0 5 10 15

SNR_dB

1*107(-2) @ 10dB SNR, AL 2

BLER

Num_Rx = 2, dealy spread = 30*1e-9 sec, Doppler spread = 10 Hz,
Channel = TDL-A, DCI_len = 132

SNR_dB

8*107(-2) @ 10dB SNR, AL 2
8 times of BLER




image5.png
“For a search space set s associated with CORESET p, the _ for aggregation level L
corresponding to PDCCH candidate m,, ., of the search space set in slot ngf for an active DL
BWP of a serving cell corresponding to carrier indicator field value ng;are

Mgy N "
L'{(yp,n;f,"'l LICWI(L)CCEPJ . mOleCCEp/LJ}+L

'smax




image1.png
Legacy scheme One-Segment DCI Aggregation

18
DCI for 1° Cell CRC Common 1stCell 2nd Cell 3™ Cell 4t Cell
60 24

36 36 14036 24

DClI for 2" Cell CRC (b)
60 24

Two-Segment DCI Aggregation
DCl for 3 Cell CRC

15 segment

60 24
st
DCl for 4t Cell CRC Common 1%t Cell | CRC
24 36 24
60 24
@ 2nd Cell 3 Cell 4™ Cell | CRC
a

36 36 36 24 140
2" segment

(c)




image2.png
One-Segment DCI Design Two-Segment DCI Design

Com 15t Cell CRC Com 15t Cell i 1cell

24 36 <10 24 24 36 <10 24

Com 1stCell 2M Cell CRC

1
2 36 36 <10 24 Com 1%t Cell oo 2cells
Com 1stCell 2n Cell 3 Cell CRC > 36_ <10 24
= 2n cell |CRC

24 36 36 36 <10 24
36 24
Only DL DCl is considered here. Com 1% Cell T 3 cells
The green part refers to the bits 24 36 <10 24
for scheduled cells indication. 2" Cell 3 Cell  CRC




