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To reduce the DCI control overhead and increase the spectral efficiency in CA operation, multiple PDSCH/PUSCH scheduled by a single DCI is proposed as an objective of the WID of muti-carriers enhancements [1]. Some agreements on multi-cell scheduling are reached in RAN1#109-e [2].
In this contribution, our analyses and views on the multiple PUSCH/PDSCH scheduling with a single DCI are provided, including the simulation with the aim to identify the maximum number of the cells that can be scheduled by a DCI and the potential issues. 
Identifying the maximum number of the scheduled cells
In this section, two aspects are considered to identify the maximum number of the scheduled cells. One is the gain of multi-cell scheduling observed from the simulation and the other is the existing limitations.
Simulation for multi-cell scheduling
In order to evaluate the relation between the gain and the number of scheduled cells in multi-cell scheduling by a single DCI, some simulation results are provided in [3]. In the simulation, both inter-band CA and intra-band CA are considered, which is consistent with the objective of the WID. Similar to Rel-17, single-cell scheduling is used as baseline. To compare the performance of the baseline and multi-cell scheduling by a single DCI with a bigger size under typical scenarios, PDCCH blocking rate and the PUSCH/PDSCH throughput are evaluated via the following two simulation methodologies.
· PDCCH blocking rate
The following steps are adopted to perform the simulation of PDCCH blocking rate comparison.
· Step1: Perform system level simulation to get geometry results;
· Step2: Perform link level simulation to get the BLER-SNR results for different size of DCI;
· Step3: Calculate the probability of each aggregation level targeting 10^-2 BLER based on the simulation results in Step1 and Step2;
· Step4: Simulate the PDCCH blocking rate for different cases (i.e., different DCI size corresponding to different number of cells) based on the probability of each aggregation level in Step3 for both baseline and multi-cell scheduling;
· Step5: Calculate the potential gain of PDCCH blocking rate for different cases for multi-cell scheduling.
· Cell throughput
The following options can be adopted to evaluate the PUSCH/PDSCH throughput in multi-cell scheduling.
· Option 1:
· Step1: Calculate the potential gain of PDCCH blocking rate for different cases for multi-cell scheduling in accordance with Step 1-4 of the simulation method for PDCCH blocking rate.
· Step 2: Throughput gain = PDCCH blocking rate gain.
· Option 2:
· Step 1: Calculate the average CCE utilization for both baseline and multi-cell scheduling in accordance with Step3 of the simulation method for PDCCH blocking rate.
· Step 2: Derive the CCE saving in accordance with Step1.
· Step 3: Throughput gain = number of saved RBs derived by converting the result of Step2 / total number of originally available RBs.
The restricted conditions in the inter-band CA scenario are stricter than those in the intra-band CA scenario. Identifying the maximum number of the scheduled cells based on the inter-band CA scenario will restrict the performance of multi-cell scheduling in the intra-band CA scenario. Therefore, the intra-band CA scenario is regarded as the typical scenario in the discussion to identify the maximum number of the scheduled cell. 
Some simulation results in [3] are captured. The simulation results of the gain of PDCCH blocking rate for intra-band CA scenario are showed in Figure 1 and the calculation results of the gain of CCE saving are showed in Figure 2. For the baseline, the assumption is 60 bits for DCI size without CRC. When the number of scheduled cells by a single DCI is 2, 3, 4, 5, 6, 7 and 8, the DCI size is 72, 84, 96 ,108, 120, 132 and 144, respectively. For inter-band, the DCI size increase step is larger than that in intra-band, e.g., 24 bits.
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Figure 1 Gain of PDCCH blocking rate for intra-band CA scenario
[image: ]
Figure 2 Gain of CCE saving for intra-band CA scenario
As shown in Figure 1, the gain of the PDCCH blocking rate increases gradually. When the number of scheduled cells is 3~8, the PDCCH blocking rate gain is 33% ~ 54.1%. With increase of number of scheduled cells, the PDCCH blocking rate gain gets relatively smaller while still significant.
For the option 1, according to our previous analysis, the throughput gain is the same as the PDCCH blocking rate gain. For the option 2, the throughput gain is same as the gain of CCE saving. As shown in Figure 2, when the number of scheduled cells is configured as 3~8, the gain is significant, i.e., 57.3%.~75.1%. In multi-cell scheduling, a single DCI can schedule multiple cells, which greatly saves the number of DCIs. The overall overhead of the single DCI for multi-cell scheduling is much lower than that of multiple single-cell scheduling DCIs, and the saved CCE resources increase with the increase of the number of scheduled cells.
Based on the analysis above, we have the following observation. 
Observation 1: The gain of PDCCH blocking rate and the gain of CCE saving are significant (33% ~ 54.1% and 57.3%.~75.1% respectively) when the number of scheduled cells is 3~8.
Existing restrictions for multi-cell scheduling
With the increase of the number of scheduled cell, the size of the single DCI also grows larger. However, DCI size cannot increase all the time. In the existing protocols, the maximum size of DCI in the Polar code is 140bits. In the intra-band CA scenario, the channel quality of the serving cells are similar, and they can share the most DCI fields. Therefore, when a scheduled cell is added additionally, only a few bits need to be added into the DCI, e.g. 12 bits. However, when a scheduled cell in another band is added additionally in the inter-band scenario, more bits need to be added into the DCI, e.g. 24 bits. In [2], the limitation of Polar code should be satisfied as much as possible. When the number of scheduled cells is 8, the DCI size in the intra-band scenario is 144 bits, and when the number of scheduled cells is 4 from the different bands, the DCI size in the inter-band scenario is 132 bits. 
Based on the analysis above, we have the following observation. 
Observation 2: It is possible to support maximum of 4 or 8 for the number of scheduled cells even considering the restriction of DCI size encoded by Polar code.
Considering both the restriction of the DCI encoded by Polar code and the optimal performance of multi-cell scheduling, it may be a good choice to set the maximum number of scheduled cells to at least one of 4 and 8.
Above all, we have the following proposal. 
Proposal 1: 4 or 8 should be supported as the maximum number of scheduled cells.
Scenario and framework
In RAN1#109-e meeting, the scenarios for the multi-cell scheduling were discussed, including the same or different SCS for the co-scheduled cells including the scheduling cell. In our understanding, the same SCS among the co-scheduled cells should be supported first. For the different SCS, some additional spec efforts may be needed for the time domain resource allocation and the corresponding HARQ timing. In our understanding, this may not be a big issue since they are all configured by the network. In addition, allowing different SCS can make the applicable scenarios of multi-cell scheduling broader and provide the deployment flexibility to the network. Therefore, we think both the same and the different SCS should be supported for the co-scheduled cells including the scheduling cell.
Proposal 2: Both the same and the different SCS should be supported for the co-scheduled cells including the scheduling cell.
In addition, the carrier type for the multi-cell scheduling were discussed. Similarly, the same carrier type should be supported first. For example, all the scheduled cells are FDD carrier, or in FR1. The co-scheduled cells or scheduling cell in the different FR should also be supported since the main difference between FR1 and FR2 is the SCS. The operation in the TDD and FDD are quite same. Therefore, there is no big issue to support multi-cell scheduling for TDD and FDD carrier.
There are big differences between the unlicensed band and licensed band in many aspects. For example, the resource allocation method, HARQ feedback, etc. Therefore, support unlicensed band for multi-cell scheduling may lead to the DCI field discussion and design very complicated. The unlicensed band should be de-prioritized. 
Another issue that should be clarified is the SUL band. In current spec, at most one serving cell can be configured with SUL in DL CA operation. That is, UL CA+SUL is not supported in Rel-17. In addition, the simultaneous transmission is not allowed on the SUL carrier of a serving cell and the other serving cell. For the multi-cell scheduling, it is most likely that the scheduled PUSCH on the different cells overlaps with each other. It means that the SUL carrier cannot be scheduled by MC-DCI in the case of multi-cell scheduling. Therefore, SUL carrier should not be supported for multi-cell scheduling.
Proposal 3: The co-scheduled cell or the scheduling cell can have the same or different carrier type, including FDD carrier and TDD carrier, FR1 and FR2.
· Unlicensed band should be de-prioritized. 
· SUL band should not be supported for multi-cell scheduling.
In NR, CBG based transmission is supported to improve the transmission efficiency at a cost of the CBG indication field in the DCI field and a larger HARQ-ACK codebook size. If CBG based transmission is supported for multi-cell scheduling, it means the MC-DCI should include the CBG indication for each PDSCH because this field cannot be shared by the multiple PDSCHs. To reduce the DCI size, the CBG indication should not be included in the MC-DCI at least for downlink scheduling. Therefore, CBG-based transmission should not be supported for multi-cell downlink scheduling.
Proposal 4: CBG-based transmission should not be supported for multi-cell downlink scheduling.
In general, the UL DCI may have a smaller size than DL DCI because the downlink BWP is typically larger than UL BWP. In addition, more cells can be scheduled for downlink than uplink for multi-cell scheduling due the UE capability. It means the DL MC-DCI may have a much bigger size than UL MC-DCI. During DCI size alignment, some padding bits should be added for the UL DCI. CBG transmission information can be included in the UL MC-DCI rather than padding bits. Therefore, CBG based transmission should be supported for multi-cell uplink scheduling if the the payload size of UL MC-DCI is smaller than DL MC-DCI to improve the transmission efficiency.
Proposal 5: CBG based transmission should be supported for multi-cell uplink scheduling as long as the the payload size of UL MC-DCI is smaller than DL MC-DCI.
For single cell scheduling, the CBG-based transmission can be supported. If both the CBG-based transmission and the TB-based transmission are configured for single cell scheduling, three sub-codebooks may be needed for dynamic codebook. It may have an impact of HARQ-ACK codebook. To avoid the impact of HARQ-ACK codebook, the CBG-based transmission can be configured for single cell scheduling if the two sub-codebooks can be maintained by the network.
Proposal 6: The CBG-based transmission can be configured for single cell scheduling if the two sub-codebooks can be maintained by the network.
In Rel-17, multi-PDSCH scheduling was introduced. If the multi-PDSCH scheduling and the multi-cell scheduling are enabled together, the concern may be the HARQ-ACK codebook. Similar as the CBG-based transmission, the multi-PDSCH scheduling and the multi-cell scheduling can be enabled to reduce the PDCCH overhead if the two sub-codebooks can be maintained by the network. Meanwhile, multi-PUSCH scheduling and the multi-cell scheduling can be also supported.
Proposal 7: The multi-PDSCH scheduling and the multi-cell scheduling can be enabled if the two sub-codebooks can be maintained by the network.
DCI field design
In RAN1#109-e meeting, three types of the DCI fields were proposed as shown below.
· 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.
In our understanding, some DCI fields should not be included in the MC-DCI. It means that the network cannot configure such fields in the MC-DCI. For example, the CBG transmission information if the CBG-based transmission is not supported for multi-cell scheduling. In addition, the UL/SUL indicator should not be included in the MC-DCI since the SUL band cannot be scheduled by MC-DCI as discussed above.
Proposal 8: Some fields should not be included in the MC-DCI, including CBG transmission information and the UL/SUL indicator.
High-level analysis on DCI fields
Firstly, take Rel-15 DCI format 1_1 with cross-carrier scheduling function as an example for the baseline DCI format. All Rel-15 DCI fields of DCI format 1_1 are listed in Table 1 below. For each field of the MC-DCI, whether to adopt shared or separate indication should be determined. For example, Identifier for DCI formats can apply shared indication because all the cells are scheduled with PDSCH. The Frequency/Time resource on the N co-scheduled cells can be indicated shared or separately depending on the requirement/configuration on the N co-scheduled cells. In order to maintain system efficiency, AMC related fields should be indicated separately. The feedback of the PDSCH on the N co-scheduled cells can be in the same codebook/channel or different codebook/channel. As a result, the HARQ-ACK feedback related fields can apply either shared or separate indication accordingly. For MIMO related fields, it may depend on the detailed configuration of the N co-scheduled cells and UE feature which can be also shared or separate indication. As an example shown in Table 1, the size of multi-cell scheduling DCI is calculated with assuming the maximum number of the co-scheduled cells is N. 
Table 1 DCI fields for the single DCI with multi-cell scheduling (assume BWP = 100 PRBs)
	DCI fields of Format 1_1
	Bit size of Format 1_1 (bits)
	Baseline size (bits)
	Single DCI with multi-cell scheduling (Shared or Separate indication)
	Bit size of Single DCI with multi-cell scheduling compared with baseline size (bits) 

	
	
	
	
	N=2
	N=4
	N=8

	Identifier for DCI formats
	1
	1
	Shared
	1
	1
	1

	Carrier indicator
	0 or 3
	3
	Shared or separate
	3 or 6
	3 or 12
	3 or 24

	Bandwidth part indicator
	0 – 2
	1
	Separate
	2
	4
	8

	Frequency domain resource assignment
	13
	13
	Shared or separate
	13 or 26
	13 or 52
	13 or 108

	Time domain resource assignment
	0 - 4
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	VRB-to-PRB mapping
	0 or 1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	PRB bundling size indicator
	0 or 1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	Rate matching indicator
	0 - 2
	1
	Separate
	2
	4
	8

	ZP CSI-RS trigger
	0 - 2
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	TB1: Modulation and coding scheme
	5
	5
	Separate
	10
	20
	40

	TB1: New data indicator
	1
	1
	Separate
	2
	4
	8

	TB1: Redundancy version
	2
	2
	Separate
	4
	8
	16

	TB2: Modulation and coding scheme
	5
	-
	Separate
	-
	-
	-

	TB2: New data indicator
	1
	-
	Separate
	-
	-
	-

	TB2: Redundancy version
	2
	-
	Separate
	-
	-
	-

	HARQ process number
	4
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	Downlink assignment index
	0, 2, or 4
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	TPC command for scheduled PUCCH
	2
	2
	Shared or separate
	2 or 4
	2 or 8
	2 or 16

	PUCCH resource indicator
	3
	3
	Shared or separate
	3 or 6
	3 or 12
	3 or 24

	K1 timing indicator
	0 - 3
	3
	Shared or separate
	3 or 6
	3 or 12
	3 or 24

	Antenna port(s)
	4, 5, or 6
	4
	Shared or separate
	4 or 8
	4 or 16
	4 or 32

	Transmission configuration indication
	0 or 3
	3
	Shared or separate
	3 or 6
	3 or 12
	3 or 24

	SRS request
	2 or 3
	2
	Shared or separate
	2 or 4
	2 or 8
	2 or 16

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8
	-
	Separate
	-
	-
	-

	CBG flushing out information (CBGFI)
	0 or 1
	-
	Separate
	-
	-
	-

	DMRS sequence initialization
	1
	1
	Shared or separate
	1 or 2
	1 or 4
	1 or 8

	Total size (excluding CRC)
	38 - 83
	60
	Total size (bits)
	70 - 119
	90 - 237
	130 - 485


On one hand, all the DCI fields adopt separate indication for the multi-cell scheduling DCI. In this case, network can have fully flexibility and can guarantee the PDSCH/PUSCH throughput. However, the DCI size of this multi-cell scheduling DCI is pretty large which will exceed 140 bits. On the other hand, if all the DCI fields adopt shared indication for the multi-cell scheduling DCI. In this case, the PDSCH/PUSCH scheduling would have lots of limitations, which may lead to performance degradation in the end. It is hard to figure out the trade off between flexibility and DCI size considering that different companies may have different views. 
Based on our preliminary analysis, with the restriction of up to 140 bits, N=4 can be assumed to design the multi-cell scheduling DCI, even the maximum number of of the scheduled cells is determined as 8. That is, except the fields that must be separate indicated, e.g. NDI, RV, etc, at most 4 sub-groups can be designed for a configurable field, e.g. FDRA, TDRA, etc.
Proposal 9: Except for the fields that must be separately indicated (e.g., NDI, RV), at most 4 sub-groups can be designed for a configurable field, where each sub-group corresponds to one separate indication of this field.
Types for each field
Since it was agreed that the MC-DCI can only be used for downlink or uplink scheduling, the identifier for DCI formats should be shared by multiple PDSCHs. The HARQ-ACK for the multiple DPSCHs should be carried in a PUCCH resource. Therefore, the HARQ-ACK feedback related field should be shared by the multiple PDSCHs, including downlink assignment index, TPC for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ timing indicator, One-shot HARQ-ACK request. In addition, the indicator of co-scheduled cells should belong to Type-1 field as discussed below. In multi-PDSCH or multi-PUSCH scheduling, the HPN field is shared by the scheduled PDSCHs or PUSCHs and the HPNs for the scheduled PDSCHs or PUSCHs are determined by the defined rule. In our understanding, the HPN field can also be shared for multi-cell scheduling. All the scheduled PDSCH or PUSCH can have the same HPN since they are in the different cells. This can reduce the DCI size significantly.
The Type-2 field should include at least NDI and the RV, which is the same as the multi-PDSCH/PUSCH scheduling. To reduce the DCI size, 1 bit RV field can be used for RV indication. In intra-band CA, the TCI state may be the same for the PDSCH since the radio environments are close. In the inter-band CA, the TCI state may be different especially the two bands are far away from each other. Therefore, the TCI state may be shared by a sub-group and separate for the different sub-groups.
For the other fields, it may be difficult to determine the whether they are shared or separate. Therefore, they can be categorized as Type-3 field. It is up to network implementation to determine whether they are shared or separate. 
Proposal 10: The fields are categorized as below.
· Type-1 field: Identifier for DCI formats, Downlink assignment index, TPC for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ timing indicator, HPN, One-shot HARQ-ACK request, beta offset indicator, Indicator of co-scheduled cells
· Type-2 field: NDI, RV
· Type-3 field: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Antenna port(s), SRS request, DMRS sequence initialization, TPC for scheduled PUSCHs, Modulation and coding scheme, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, ChannelAccess-Cpext, CSI request, SRI
If the FDRA field is shared by the co-scheduled cells, how to indicate the frequency resource should be discussed. When the co-scheduled cells have the same BWP size, the same frequency resource size can be indicated for the co-scheduled cells. Otherwise, new approach should be introduced, e.g., the FDRA field depends on the BWP of a co-scheduled cell with the biggest BWP size so that any frequency resource allocation possibilities can be indicated by the network. Then the frequency resource for this co-scheduled cell is indicated by the FDRA field directly. The frequency resource for the other co-scheduled cells can be determined by scaling the resource.
Proposal 11: The frequency resource indication for the co-scheduled cells with different BWP sizes in the case of shared FDRA field should be studied.
The indication of the scheduled cells
In last meeting, it was agreed that the MC-DCI can schedule single PDSCH or PUSCH. For multi-cell scheduling, the number of the scheduled cells can dynamically change to cater for the different service with different QoS requirement, e.g., data rate, or the different data size in the buffer. Regarding how to indicate the scheduled cell, the following options were proposed in last meeting.
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· 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 
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
The Option 1 is the extension of the CIF so that a CIF codepoint can indicate more than one scheduled cells. The RRC can configured the scheduled cells for the CIF codepoint. This solution is simple and flexible. For the Option 2, the network can always schedule any combinations of the scheduled cells. Of course, the cost is the overhead. In Option 3, an existing field indicates the scheduled cells. So far, all the existing fields are under discussion and there is no conclusion. Therefore, the Option 3 can be considered by using an existing field which can be quickly determined as shared or separate field and can be easily extended, such as new TDRA table configured for MC-DCI scheduling with each row corresponding to independent scheduled cells. Then considering that the Option 1 is very simple and it can achieve the same flexibility as Option 2 and the field length can be configured by the network, Option 1 should be supported.
In general, the different numbers of the scheduled cells can be configured for uplink and downlink due to the different capability on the uplink and downlink. The network should configure the scheduled cells for the CIF codepoint separately for the uplink and downlink. 
Proposal 12: A codepoint of CIF field indicates a row of a table comprising the co-scheduled cells
· The table is configured by RRC
· The PDSCH and PUSCH can be configured with different table

MC-DCI handing
BD/CCE counting
In RAN1#109-e meeting, the agreements for BD/CCE counting are listed below.
	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.



In current spec, PDCCH blind decoding on a scheduling cell in a USS is only counted for one scheduled cell, because the DCI and USS are both designed for a single scheduled cell for a UE. As shown in Figure 3, USS with same index on the scheduling cell for each scheduled cell is determined by CIF value of each scheduled cell. Then for this single DCI with multi-cell scheduling, based on current search space configuration, in case dci-Formats with the new introduced DCI format 0_X/1_X are configured in the USS on the scheduling cell, the MC-DCI carried by the PDCCH in the USS with same index for a scheduled cell will be monitored and the corresponding BD/CCE configured by nrofCandidates on the scheduled cell will be counted for the scheduled cell. Before down-selection of the alternatives, some clarifications are needed.
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Figure 3 Example of USS of each scheduled cell within CA
· Whether MC-DCI can be transmitted/detected in a USS of a scheduled cell if the MC-DCI does not schedule the scheduled cell at a time.
In the current spec, the search space for each scheduled cell are determined independently, and the DCI for scheduling one scheduled cell could only be transmitted and detected in its own search space on the scheduling cell, except search space sharing supported. For example, DCI format 1_1 used for scheduling CC0 can be sent in the USS of CC0 on the scheduling cell. It can not be sent in the USS of CC1 or CC2 on the scheduling cell.
For MC-DCI used for scheduling a group of configured co-scheduled cells {CC0, CC1, CC2}, different multi-cell could be scheduled by different value of the co-scheduled cells indicator in the MC-DCI. In case only CC0 and CC2 are scheduled by the co-scheduled cells indicator in a MC-DCI, the MC-DCI can be transmitted and detected in the USS of CC0 and CC2 on the scheduling cell. Whether the MC-DCI can be transmitted and detected in the USS of CC1 on the scheduling cell should be determined. Since the size of MC-DCI is fixed for a group of the configured co-scheduled cells, it should be supported that MC-DCI can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is one of the group of configured co-scheduled cells. Furthermore, if not all the cells within the group of co-scheduled cells are configured with the USS comprising MC-DCI, it will be restricted that the cells without configured the USS comprising MC-DCI should be always scheduled together with the cells configured with USS comprising MC-DCI.
Proposal 13: MC-DCI used for scheduling a group of configured co-scheduled cells can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is configured within the group of co-scheduled cells.
· BD/CCE counting for multi-cell scheduling DCI
Since the USS comprising MC-DCI can be configured for one or partial or all scheduled cells within the group of configured co-scheduled cells on a scheduling cell, the BD/CCE for MC-DCI in a USS of a scheduled cell will be counted for the scheduled cell. That is, if all the scheduled cells within the group of configured co-scheduled cells are configured with the USS comprising MC-DCI, then BD/CCE counted on each scheduled cell depends on the nrofCandidates configured on each scheduled cell. For a scheduled cell within the group of configured co-scheduled cells configured with the USS comprising MC-DCI, the BD/CCE will be counted only in this scheduled cell. 
Proposal 14: BD/CCE counting for multi-cell scheduling DCI within a USS of a scheduled cell will be counted only in the scheduled cell.
DCI size budget including MC-DCI
In RAN1#109-e meeting, the agreements for DCI size budget are listed below.
	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.



Similar as BD/CCE counting for MC-DCI, the USS comprising MC-DCI can be configured for one or partial or all scheduled cells within the group of configured co-scheduled cells on a scheduling cell. The DCI size budget of MC-DCI in a USS of a scheduled cell can be counted for the scheduled cell. That is, if all the scheduled cells within the group of configured co-scheduled cells are configured with the USS comprising MC-DCI, then the size of MC-DCI will be counted on each scheduled cell for considering the DCI size budget issue. For a scheduled cell within the group of configured co-scheduled cells and configured with a USS comprising MC-DCI, the size of MC-DCI will be counted only in this scheduled cell. 
Proposal 15: For a scheduled cell within the group of configured co-scheduled cells configured with a USS comprising MC-DCI, the size of MC-DCI should be counted only in this scheduled cell.
[bookmark: _GoBack]Further in cross-carrier scheduling, the DCI size budget for scheduling cell is more challenging than a scheduled cell, because fallback DCI can not be configured on the scheduled cell except the PCell scheduled by sSCell. As a result, existing DCI size budget is maintained per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell. For a scheduling cell which is also a scheduled cell, it can be configured with DCI format 0_0/1_0, DCI format 0_1/1_1, DCI format 0_2/1_2 and DCI format 0_X/1_X, which is challenging to maintain up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. Maybe a simple way is to let the whole DCI size budgets of a cell (i.e., 4 DCI sizes) be used for DCI formats with CRC scrambled by C-RNTI. Alternatively, if the DCI format 0_X/1_X can be only configured in the USS of one or more scheduled cells which is not a scheduling cell, then DCI size budget for each cell can be easily maintained without additional mechanism. 
Observation 3: Existing DCI size budget per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell.
Proposal 16: DCI size budget for a scheduling cell which is also a scheduled cell can be achieved by one of following.
· The whole DCI budget can be used for DCI formats with CRC scrambled by C-RNTI
· Maintain current DCI size budget and the MC-DCI can be only configured in the USS of one or more scheduled cells which is not a scheduling cell .
SC-DCI and MC-DCI handling
In the previous discussion, if a scheduled cell is configured to be scheduled by MC-DCI, it is beneficial that SC-DCI can be also supported for the scheduled cell due to CCE saving. Meanwhile, based on the analysis in section 5.1 and 5.2, at least for the scheduled cell which is not a scheduling cell, DCI size budget can be maintained with both MC-DCI and non-fallback SC-DCI configured.
In Rel-17, Scell scheduling PCell was introduced to increase PDCCH capacity used for PCell by offloading PDCCH to sSCell. The motivation of the multi-cell scheduling is also to increase PDCCH capacity on a scheduling cell by PDCCH overhead reduction. The two features can work together very well in our understanding. There is no reason to exclude the support of Scell scheduling PCell for multi-cell scheduling. Based on this, the MC-DCI and the SC-DCI can be transmitted on the same serving cell or the different serving cells for a scheduled cell. An example of the scheduling possibility is shown in Figure 4 below, if MC-DCI is only configured on the USS of the scheduled cells which are not scheduling cell (cell 2 and cell 4), DCI size budget can be maintained for each serving cell regardless of whether legacy fallback DCI and non-fallback DCI are configured on the scheduling cells. If MC-DCI is configured on the USS of the scheduled cells which can be also a scheduling cell, DCI size budget can be determined same as section 5.2. For BD/CCE handling, the BD/CCE counting can be same as section 5.1, BD/CCE splitting and CA scaling defined in Rel-17 DSS mechanism can be reused. No additional impact will be caused in case Scell scheduling PCell is supported. This can provide a big flexibility for the network scheduling.
[image: ]
Figure 4 Both MC-DCI and SC-DCI are supported for a scheduled cell 
Proposal 17: Both MC-DCI and the SC-DCI transmission on the same serving cell or the different serving cells can be supported for a scheduled cell, as well as the Scell scheduling PCell supported for multi-cell scheduling. 
HARQ-ACK feedback
For single PDSCH scheduling, the offset between the scheduled PDSCH and the PUCCH is indicated for determining the PUCCH slot, i.e., k1 offset. In CA operation, each cell can be configured with a k1 offset list. When MC-DCI schedules multiple PDSCHs, one of the multiple PDSCHs and the corresponding k1 offset can be used to determine the PUCCH slot. For example, the first PDSCH of the multiple scheduled by MC-DCI can be used to determine the PUCCH slot. In addition, the DAI value can also be determined by the first PDSCH.
Proposal 18: One of the multiple PDSCH scheduled by MC-DCI and the corresponding k1 offset should be used to determine the PUCCH slot.
It was agreed that all the codebook types are supported for mult-cell scheduling. For Type-1 codebook, the HARQ-ACK codebook size is not relevant to the number of scheduled PDSCHs. It is only relevant to the k1 offset. Therefore, there is no impact to the Type-1 codebook in the case of multi-cell scheduling. For Type-3 codebook, it is only related to the HARQ process and the severing cell. 
For Type-2 codebook, the HARQ-ACK codebook size depends on the scheduled PDSCH. Within a PUCCH group, the legacy DCI schedules only one PDSCH while MC-DCI may schedule multiple PDSCHs. In our understanding, the Type-2 codebook construction method defined in Rel-17 can be reused. The Type-2 codebook includes at most two sub-codebooks. The first sub-codebook corresponds to the single scheduled PDSCH and the second sub-codebook corresponds to the multiple scheduled PDSCHs. This can minimize the specification impact because the the restriction of at most two sub-codebooks for Type-2 codebook is kept. Accordingly, the DAI is counted separately for the two sub-codebooks. 
For the multiple PDSCHs scheduled by the MC-DCI, the HARQ-ACK information is concatenated according to the cell index. The number of the PDSCH scheduled by the MAC-DCI may change dynamically. To ensure the network and the UE have the same understanding on the codobook size, the HARQ-ACK information bits should be generated based on the maximum number of PDSCHs that the network can schedule. In case the number of the actual scheduled PDSCHs is not equal to the maximum number, NACK should be generated at the tail of the corresponding HARQ-ACK information bits as padding bits.
Proposal 19: The Type-2 codebook construction method defined in Rel-17 should be reused for the multi-cell scheduling.
· The Type-2 codebook includes two sub-codebooks at most, where the first one is for the single scheduled PDSCH and the second one is for the multi-scheduled PDSCHs.
· The DAI is counted for the two sub-codebooks separately.
· The HARQ-ACK information bits should be generated based on the maximum number of PDSCHs that the network can schedule.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: The gain of PDCCH blocking rate and the gain of CCE saving are significant (33% ~ 54.1% and 57.3%.~75.1% respectively) when the number of scheduled cells is 3~8.
Observation 2: It is possible to support maximum of 4 or 8 for the number of scheduled cells even considering the restriction of DCI size encoded by Polar code.
Observation 3: Existing DCI size budget is maintained per scheduled cell can be easily supported at least for the scheduled cell which is not a scheduling cell.
Proposal 1: 4 or 8 should be supported as the maximum number of scheduled cells.
Proposal 2: Both the same and the different SCS should be supported for the co-scheduled cells including the scheduling cell.
Proposal 3: The co-scheduled cell or the scheduling cell can have the same or different carrier type, including FDD carrier and TDD carrier, FR1 and FR2.
· Unlicensed band should be de-prioritized. 
· SUL band should not be supported for multi-cell scheduling.
Proposal 4: CBG-based transmission should not be supported for multi-cell downlink scheduling.
Proposal 5: CBG based transmission should be supported for multi-cell uplink scheduling as long as the the payload size of UL MC-DCI is smaller than DL MC-DCI.
Proposal 6: The CBG-based transmission can be configured for single cell scheduling if the two sub-codebooks can be maintained by the network.
Proposal 7: The multi-PDSCH scheduling and the multi-cell scheduling can be enabled if if the two sub-codebooks can be maintained by the network
Proposal 8: Some fields should not be included in the MC-DCI, including CBG transmission information and the UL/SUL indicator.
Proposal 9: Except for the fields that must be separately indicated (e.g., NDI, RV), at most 4 sub-groups can be designed for a configurable field, where each sub-group corresponds to one separate indication of this field.
Proposal 10: The fields are categorized as below.
· Type-1 field: Identifier for DCI formats, Downlink assignment index, TPC for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ timing indicator, HPN, One-shot HARQ-ACK request, beta offset indicator, Indicator of co-scheduled cells
· Type-2 field: NDI, RV
· Type-3 field: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Antenna port(s), SRS request, DMRS sequence initialization, TPC for scheduled PUSCHs, Modulation and coding scheme, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, ChannelAccess-Cpext, CSI request, SRI
Proposal 11: The frequency resource indication for the co-scheduled cells with different BWP sizes in the case of shared FDRA field should be studied.
Proposal 12: A codepoint of CIF field indicates a row of a table comprising the co-scheduled cells
· The table is configured by RRC
· The PDSCH and PUSCH can be configured with different table
Proposal 13: MC-DCI used for scheduling a group of configured co-scheduled cells can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is configured within the group of co-scheduled cells.
Proposal 14: BD/CCE counting for multi-cell scheduling DCI within a USS of a scheduled cell will be counted only in the scheduled cell.
Proposal 15: For a scheduled cell within the group of configured co-scheduled cells configured with a USS comprising MC-DCI, the size of MC-DCI should be counted only in this scheduled cell.
Proposal 16: DCI size budget for a scheduling cell which is also a scheduled cell can be achieved by one of following.
· The whole DCI budget can be used for DCI formats with CRC scrambled by C-RNTI
· Maintain current DCI size budget and the MC-DCI can be only configured in the USS of one or more scheduled 
Proposal 17: Both MC-DCI and the SC-DCI transmission on the same serving cell or the different serving cells can be supported for a scheduled cell, as well as the Scell scheduling PCell supported for multi-cell scheduling.
Proposal 18: One of the multiple PDSCH scheduled by MC-DCI and the corresponding k1 offset should be used to determine the PUCCH slot.
Proposal 19: The Type-2 codebook construction method defined in Rel-17 should be reused for the multi-cell scheduling.
· The Type-2 codebook includes two sub-codebooks at most, where the first one is for the single scheduled PDSCH and the second one is for the multi-scheduled PDSCHs.
· The DAI is counted for the two sub-codebooks separately.
· The HARQ-ACK information bits should be generated based on the maximum number of PDSCHs that the network can schedule.
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