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The contribution is focused on the open issues of multi-cell scheduling via a single DCI in Rel-18 Multi-carrier enhancements.
The Rel-18 WI Multi-carrier enhancements was agreed during RAN#94-e meeting [1], where one of the objectives is targeted to specify a solution for multi-cell PUSCH/PDSCH scheduling with a single DCI. The detailed objectives in the WID are listed below:
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling




For multi-cell PUSCH/PDSCH scheduling with a single DCI, the main open issues are focused on DCI format design, DCI size budget and HARQ-ACK feedback enhancement. Hence, in this contribution, we present our views on detailed design to support single DCI scheduling multiple PDSCHs or PUSCHs on multiple cells. 

Discussion
Deployment scenarios 

As mentioned in the WID, with more available scattered spectrum bands or wider bandwidth spectrum, the need of simultaneous scheduling of multiple cells is expected to be increasing. To reduce the control overhead, it is beneficial to extend from single-cell scheduling to multi-cell PUSCH/PDSCH scheduling with a single scheduling DCI. 
For Rel-18 multi-carrier enhancements, multiple PDSCHs or PUSCHs can be scheduled on multiple carriers by a single DCI with one PDSCH or PUSCH per carrier. There are two possible cases for multi-cell scheduling: Case 1: the DCI schedules one PDSCH or PUSCH on one carrier via self-scheduling and other PDSCHs or PUSCHs on other carriers via cross-carrier scheduling; Case 2: All the scheduled PDSCHs or PUSCHs are cross-carrier scheduled. One example is shown in Figure 1, where DCI schedules 4 PDSCHs or PUSCHs on 4 CCs with each CC carrying a single PDSCH or PUSCH. 
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Figure 1: One DCI schedules multiple PDSCHs or PUSCHs on multiple carriers 

Proposal 1: Multi-cell scheduling considers two cases: (1) one PDSCH or PUSCH is self-scheduled and other PDSCHs or PUSCHs are cross-carrier scheduled; (2) all the PDSCHs or PUSCHs are cross-carrier scheduled. 

Unlicensed spectrum is more and more important for hot spot scenarios, e.g., using unlicensed spectrum to provide communications can not only improve the data rate via using the wide unlicensed spectrum but also offload the traffic from licensed spectrum and reduce the operation cost. For Rel-16 NR-based access on unlicensed spectrum (NR-U), the unlicensed spectrums of highest interest for specification include the 5GHz unlicensed band and the 6GHz band for unlicensed use (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof), which can provide several hundreds of MHz bandwidth or even about 1GHz bandwidth. For Rel-17 above 52.6GHz, more unlicensed spectrum on 60GHz has been specified which can provide tens of GHz bandwidth.
Considering the scarcity of licensed spectrum especially in FR1 and abundant frequency resources in unlicensed spectrum, it does make sense to use a single DCI in licensed spectrum to simultaneously schedule multiple unlicensed carriers with or without licensed carriers. In this way, the risk of LBT failure for DCI transmission on unlicensed spectrum can be avoided. The extra standard impact is trivial since only channel access field needs to be discussed for multi-cell PUSCH scheduling, e.g., shared or separate for all the scheduled unlicensed carriers for PUSCH transmission; for multi-cell PDSCH scheduling, a single channel access field is enough for indicating CAPC and CPE for performing LBT before the PUCCH transmission. As a result, it is straightforward to consider unlicensed spectrum in multi-cell scheduling in Rel-18. 
Based on analysis above, we have below proposal:
Proposal 2: Multi-cell scheduling DCI can schedule multiple unlicensed carriers with or without licensed carriers.

Additionally, one issue needs to be clarified is whether the multiple PDSCHs or PUSCHs scheduled by a single DCI carry a single TB with repetitions on different carriers or different TBs. For reliability improvement purpose, one TB can be repeated on multiple carriers scheduled via a single DCI. For high data rate purpose, different TBs should be transmitted on different carriers. Since the main motivation of multi-cell scheduling is to reduce the PDCCH blocking rate and transmission reliability can be enhanced based on RRC configured repetition and DCI indicated number of repetitions, only separate TBs are considered in multi-cell scheduling. 
Proposal 3: A multi-cell scheduling DCI schedules different TBs on different carriers.


DCI format 

The feature of scheduling multiple PUSCHs by a single DCI has been already specified in Rel-16 NR-U and further enhanced in Rel-17 above 52.6 with support of scheduling multiple PDSCHs by a single DCI. Maximum 8 PDSCHs or PUSCHs can be scheduled on a same carrier by a single DCI. This kind of scheduling flexibility is realized by DCI indicated one entry from a RRC configured set of time domain resource allocation patterns where one or multiple SLIVs corresponding to the entry are applicable to the scheduled one or multiple PDSCHs or PUSCHs. This mechanism avoids separate indication for resource allocation for each PDSCH or PUSCH in time domain. Furthermore, all the scheduled PDSCHs or PUSCHs have same frequency domain resource allocation since those PDSCHs or PUSCHs are scheduled in same carrier. Thus, the signaling overhead is greatly reduced.  
However, when multiple PDSCHs or PUSCHs are scheduled on multiple carriers by a single DCI, the scheduled carriers are likely on different frequency bands with inter-band CA or even different frequency range. Due to the large frequency separation between the bands, the channel conditions of the scheduled carriers are less correlated. It is difficult to assume same link adaptation property on the multiple scheduled carriers and use same MCS, frequency domain resource allocation as well as time domain resource allocation for the scheduled PDSCHs or PUSCHs. In that sense, for full scheduling flexibility, separate carrier index field, separate time domain resource allocation field and separate frequency domain resource allocation field should be indicated in the multi-cell scheduling DCI for each scheduled carrier. As a result, the payload size of the multi-cell scheduling DCI is rapidly increased with the number of scheduled carriers. Generally speaking, the larger the maximum number of schedulable carriers, the larger the DCI payload size, the lower the transmission reliability and less coverage. As a result, the maximum number of carriers which can be scheduled by a single DCI should be determined first so as to achieve a reasonable payload size of the DCI. 
A preliminary analysis is provided in Table 1 with the assumptions of single DCI scheduling one, two, four, six and eight carriers for PDSCH transmission. For single DCI scheduling a single PDSCH, the DCI payload size is 106 bits including 24-bit CRC. For single DCI scheduling two PDSCHs on two carriers, the DCI payload size is 144 bits including 24-bit CRC with full scheduling flexibility in carrier domain, time domain and frequency domain. For single DCI scheduling four/six/eight PDSCHs on four/six/eight carriers, the DCI payload size is 238/332/426 bits including 24-bit CRC with full scheduling flexibility in carrier domain, time domain and frequency domain. Compared to single PDSCH scheduling, the DCI overhead is rapidly increased for multi-cell scheduling with the assumption of full scheduling flexibility. Overhead reduction should be considered. 

Table 1: Payload size of multi-cell PDSCH scheduling (100 PRBs are assumed)

	Fields of multi-cell PDSCH scheduling DCI
	Single-cell scheduling (bits)
	Shared or separate?
	2-cell scheduling (bits)
	4-cell scheduling (bits)
	6-cell scheduling (bits)
	8-cell scheduling (bits) 

	Identifier for DCI formats
	1
	Shared
	1
	1 
	1
	1

	Carrier indicator
	3
	Separate
	6
	12
	18
	24

	Bandwidth part indicator
	2
	Separate
	4
	8
	12
	16

	Frequency domain resource assignment
	13
	Separate
	26
	52
	78
	104

	Time domain resource assignment
	4
	Separate
	8
	16
	24
	32

	VRB-to-PRB mapping
	1
	Shared 
	1
	1
	1
	1

	PRB bundling size indicator
	1
	Shared 
	1 
	1
	1
	1

	Rate matching indicator
	2
	Separate
	4 
	8
	12
	16

	ZP CSI-RS trigger
	2
	Separate
	4
	8
	12
	16

	Modulation and coding scheme
	5
	Separate
	10
	20
	30
	40

	New data indicator
	1
	Separate
	2
	4
	6
	8

	Redundancy version
	2
	Separate
	4
	8
	12
	16

	HARQ process number
	4
	Separate
	8
	16
	24
	32

	Downlink assignment index
	4
	Shared
	4
	4
	4
	4

	TPC for scheduled PUCCH
	2
	Shared
	2
	2
	2
	2

	PUCCH resource indicator
	3
	Shared
	3
	3
	3
	3

	HARQ timing indicator
	3
	Shared
	3
	3
	3
	3

	One-shot HARQ-ACK request
	1
	Shared
	1
	1
	1
	1

	PDSCH group index
	1
	Shared
	1
	1
	1
	1

	New feedback indicator
	1
	Shared
	1
	1
	1
	1

	Number of requested PDSCH group(s)
	1
	Shared
	1
	1
	1
	1

	Antenna port(s)
	4
	Separate
	8
	16
	24
	32

	TCI
	3
	Separate
	6
	12
	18
	24

	SRS request
	2
	Shared
	2
	2
	2
	2

	CBGTI
	8
	-
	-
	-
	-
	-

	CBGFI
	1
	-
	-
	-
	-
	-

	DMRS sequence initialization
	1
	Separate
	2
	4
	6
	8

	Priority indicator
	1
	Separate
	2
	4
	6
	8

	ChannelAccess-CPext
	2
	Shared
	2
	2
	2
	2

	Minimum applicable scheduling offset indicator
	1
	Shared
	1
	1
	1
	1

	SCell dormancy indication
	2
	Shared
	2
	2
	2
	2

	CRC
	24
	Shared
	24
	24
	24
	24

	Total size (bits)
	106
	
	 144
	238
	332
	426


	
	
	
	



Observation 1: Payload size for 4/6/8-cell scheduling is huge.
Observation 2: Overhead reduction is required when the number of scheduled cells is larger than 2.

On the other hand, for overhead reduction purpose, single carrier index field, single time domain resource allocation field, single frequency domain resource allocation field can be indicated in the multi-cell scheduling DCI for all the scheduled carriers, which will lead to scheduling inflexibility to some extent especially when the channel conditions for the scheduled carriers are less correlated. When the channel conditions for the scheduled carriers are high correlated, e.g., in same band, such scheduling restriction may lead to slight performance degradation. Hence, these fields can be shared or separate for the scheduled carriers dependent on RRC configuration. Similar fields, e.g., carrier index, rate matching indicator, ZP CSI-RS trigger, SRS request, antenna port(s), VRB-to-PRB mapping, PRB bundling size indicator, DMRS sequence initialization, TCI, are also dependent on RRC configuration. 
Furthermore, compared to using multiple single-cell scheduling DCI for scheduling multiple carriers, the multi-cell scheduling DCI can save overhead to some extent as some fields can be shared for all the scheduled carriers, e.g., 24-bit CRC, 3-bit PDSCH-to-HARQ_timing indicator, 3-bit PUCCH resource indicator, 2-bit TPC, 2-bit counter DAI, 2-bit total DAI, 1-bit identifier. These fields can be shared for all the carriers scheduled by a single DCI. Regarding HARQ process number indication, same mechanism as Rel-16 NR-U can be reused here to save signaling overhead. In detail, a single HARQ process number field can be included in the multi-cell scheduling DCI and indicate the HARQ process number for the first scheduled carrier then HARQ process numbers for other scheduled carriers can be derived from the indicated value, e.g., the single HARQ process number field indicates value of x for the first scheduled carrier, then HARQ process number for the second scheduled carrier is equal to (x+1) mod 16, …, until HARQ process number for the last scheduled carrier is equal to (x+N-1) mod 16, where N is the number of scheduled carriers by the single DCI.
Regarding the carrier-specific fields, e.g., MCS, NDI and RV, these fields should be separately indicated in the multi-cell scheduling DCI. 
Since the multi-cell scheduling DCI is designed for scheduling multiple carriers for data transmission, some fields which may lead to much DCI overhead or design complexity can be excluded, e.g., CBGTI, CBGFI, Minimum applicable scheduling offset indicator, SCell dormancy indication.
Based on above analysis, all the fields in the DCI can be divided into three types:
· Type-1: shared to all the scheduled carriers.
· Type-2: separate to each of the scheduled carriers. 
· Type-3: shared to all the scheduled carriers or separate to each of the scheduled carriers dependent on RRC configuration.
One example is shown in Table 2 for multi-cell PDSCH scheduling for dividing the fields into three types. “-“ means the field is excluded from multi-cell scheduling DCI.

Table 2: Payload size of multi-cell PDSCH scheduling 

	Fields of multi-cell PDSCH scheduling DCI
	Field types

	Identifier for DCI formats
	Type-1

	Carrier indicator
	Type-3

	Bandwidth part indicator
	

	Frequency domain resource assignment
	

	Time domain resource assignment
	

	VRB-to-PRB mapping
	

	PRB bundling size indicator
	

	Rate matching indicator
	

	ZP CSI-RS trigger
	

	Modulation and coding scheme
	Type-2

	New data indicator
	

	Redundancy version
	

	HARQ process number
	Type-1

	Downlink assignment index
	

	TPC for scheduled PUCCH
	

	PUCCH resource indicator
	

	HARQ timing indicator
	

	One-shot HARQ-ACK request
	

	PDSCH group index
	

	New feedback indicator
	

	Number of requested PDSCH group(s)
	

	Antenna port(s)
	Type-3

	TCI
	

	SRS request
	

	CBGTI
	-

	CBGFI
	-

	DMRS sequence initialization
	Type-3

	Priority indicator
	Type-1

	ChannelAccess-CPext
	Type-1

	Minimum applicable scheduling offset indicator
	-

	SCell dormancy indication
	-

	CRC
	Type-1

	Total size (bits)
	


	

According to the example shown in Table 2, the payload sizes of 2/4/6/8-cell PDSCH scheduling DCI are recalculated. The results are shown in Table 3. For each of Type-3 fields, the number of required bits is determined based on the concrete RRC configuration with two values given for each of 2/4/6/8-cell PDSCH scheduling DCI: a first value is assumed with shared field for all the scheduled carriers and a second value is assumed with separate field for each of the scheduled carriers. In that sense, the first value can be a lower-bound while the second value can be an upper-bound for the corresponding field. Based on Table 3,
· for two-cell scheduling DCI, the payload size is within the range from 102 bits to 140 bits including 24-bit CRC with scheduling restriction or full scheduling flexibility in carrier domain, time domain and frequency domain as well as other Type-3 fields. 
· for four-cell scheduling DCI, the payload size is within the range from 118 bits to 232 bits including 24-bit CRC with scheduling restriction or with full scheduling flexibility in carrier domain, time domain and frequency domain as well as other Type-3 fields. 
· for six-cell scheduling DCI, the payload size is within the range from 134 bits to 324 bits including 24-bit CRC with scheduling restriction or with full scheduling flexibility in carrier domain, time domain and frequency domain as well as other Type-3 fields. 
· for eight-cell scheduling DCI, the payload size is within the range from 150 bits to 416 bits including 24-bit CRC with scheduling restriction or with full scheduling flexibility in carrier domain, time domain and frequency domain as well as other Type-3 fields. 


Table 3: Payload size of multi-cell PDSCH scheduling (100 PRBs are assumed)

	Fields of multi-cell PDSCH scheduling DCI
	Single-cell scheduling (bits)
	Field type
	2-cell scheduling (bits)
	4-cell scheduling (bits)
	6-cell scheduling (bits)
	8-cell scheduling (bits) 

	Identifier for DCI formats
	1
	Type-1
	1
	1 
	1
	1

	Carrier indicator
	3
	Type-3
	3/6
	3/12
	3/18
	3/24

	Bandwidth part indicator
	2
	Type-3
	2/4
	2/8
	2/12
	2/16

	Frequency domain resource assignment
	13
	Type-3
	13/26
	13/52
	13/78
	13/104

	Time domain resource assignment
	4
	Type-3
	4/8
	4/16
	4/24
	4/32

	VRB-to-PRB mapping
	1
	Type-3 
	1/2
	1/4
	1/6
	1/8

	PRB bundling size indicator
	1
	Type-3 
	1/2
	1/4
	1/6
	1/8

	Rate matching indicator
	2
	Type-3
	2/4 
	2/8
	2/12
	2/16

	ZP CSI-RS trigger
	2
	Type-3
	2/4
	2/8
	2/12
	2/16

	Modulation and coding scheme
	5
	Type-2
	10
	20
	30
	40

	New data indicator
	1
	Type-2
	2
	4
	6
	8

	Redundancy version
	2
	Type-2
	4
	8
	12
	16

	HARQ process number
	4
	Type-1
	4
	4
	4
	4

	Downlink assignment index
	4
	Type-1
	4
	4
	4
	4

	TPC for scheduled PUCCH
	2
	Type-1
	2
	2
	2
	2

	PUCCH resource indicator
	3
	Type-1
	3
	3
	3
	3

	HARQ timing indicator
	3
	Type-1
	3
	3
	3
	3

	One-shot HARQ-ACK request
	1
	Type-1
	1
	1
	1
	1

	PDSCH group index
	1
	Type-1
	1
	1
	1
	1

	New feedback indicator
	1
	Type-1
	1
	1
	1
	1

	Number of requested PDSCH group(s)
	1
	Type-1
	1
	1
	1
	1

	Antenna port(s)
	4
	Type-3
	4/8
	4/16
	4/24
	4/32

	TCI
	3
	Type-3
	3/6
	3/12
	3/18
	3/24

	SRS request
	2
	Type-3
	2/4
	2/8
	2/12
	2/16

	CBGTI
	8
	-
	-
	-
	-
	-

	CBGFI
	1
	-
	-
	-
	-
	-

	DMRS sequence initialization
	1
	Type-3
	1/2
	1/4
	1/6
	1/8

	Priority indicator
	1
	Type-1
	1
	1
	1
	1

	ChannelAccess-CPext
	2
	Type-1
	2
	2
	2
	2

	Minimum applicable scheduling offset indicator
	1
	-
	-
	-
	-
	-

	SCell dormancy indication
	2
	-
	-
	-
	-
	-

	CRC
	24
	Type-1
	24
	24
	24
	24

	Total size (bits)
	106
	
	102~140
	118~232
	134~324
	150~416


	
	
	
	



According to the results shown in Table 3, it is obvious that 4-cell scheduling DCI can have a reasonable payload size dependent on RRC configuration while the minimum payload sizes of 6-cell scheduling DCI and 8-cell scheduling DCI are huge for Polar encoding. Hence, the maximum number of carriers which can be scheduled by a single DCI should not be larger than 4. RRC signaling is used to configure the maximum number of carriers which can be scheduled by a single DCI from a set of possible values of 2, 3, and 4. According to this RRC configured information, UE can derive the DCI payload size.
Based on analysis above, we have below proposals:
Proposal 4: The maximum number of carriers which can be scheduled by a single DCI is 4.
Proposal 5: For a given DCI format, the maximum number of carriers which can be scheduled by the DCI is configured by RRC signaling from a set of possible values of 2, 3 and 4.
Proposal 6: The fields of multi-cell scheduling DCI are divided into three types:
· Type-1: shared to all the scheduled carriers.
· Type-2: separate to each of the scheduled carriers. 
· Type-3: shared to all the scheduled carriers or separate to each of the scheduled carriers dependent on RRC configuration.

	
	
	


In addition, considering multi-cell scheduling DCI has large payload size and many fields are configurable based on RRC configuration, multi-cell scheduling is not supported for fallback DCI, i.e., DCI format 0-0/1-0. CBG-based transmission requires CBGTI in DCI corresponding to each of the scheduled TBs, which leads to large signaling overhead. So multi-cell scheduling DCI does not support CBG-based transmission.
Proposal 7: Fallback DCI does not support multi-cell scheduling.
Proposal 8: Multi-cell scheduling DCI does not support CBG-based transmission.


DCI size budget

Regarding the DCI format design for multi-cell PDSCH/PUSCH scheduling, in order to avoid extra blind detection effort for a UE, existing “3+1” DCI size budget should be maintained. If the new DCI format which schedules multiple carriers can be also used for scheduling a single carrier, then existing “3+1” DCI size budget can be kept. However, the drawback is there are too many carrier-specific fields which have to be left unused in case of single carrier scheduling, e.g., MCS/NDI/RV/TDRA/FDRA etc.; if the new DCI format can be used only for scheduling multiple carriers and the existing DCI format is used for scheduling single carrier, “3+1” DCI size budget may not be maintained since UE has to monitor one DCI format for single carrier scheduling, one DCI format for multiple carrier scheduling and one fallback DCI format. 
Naming DCI format 0-3 as multi-cell PUSCH scheduling DCI and DCI format 1-3 as multi-cell PDSCH scheduling DCI, DCI format 0-1 and 1-1 are still used for single-cell scheduling, then there are 6 DCI formats which may need to be monitored by a UE:
(1)	DCI format 1-0/0-0 with CRC scrambled by C-RNTI
(2)	DCI format 0-1 with CRC scrambled by C-RNTI 
(3)	DCI format 0-3 with CRC scrambled by C-RNTI
(4)	DCI format 1-1 with CRC scrambled by C-RNTI
(5)	DCI format 1-3 with CRC scrambled by C-RNTI
(6)	DCI format 2-X with CRC scrambled by corresponding RNTI
To keep “3+1” DCI size budget, one way is to align the payload size of (2) and (4), (3) and (5) then the total number of different payload sizes with C-RNTI is 3, i.e., DCI format 0-0/1-0, DCI format 0-1/1-1, and DCI format 0-3/1-3. The padding bits may be appended to (2) and (3) until both (2) and (4) have same size, (3) and (5) have same size considering usually DL DCI includes more bits than UL DCI. Another way is to align the payload size of (3), (5) and (6) then the RNTI of (3) and (5) can be regarded as other RNTI. In that sense, the total number of different payload sizes with all RNTIs is 4. Since DCI format 2-x series have a configurable size, gNB can adjust the payload size of the DCI format 0-3/1-3 to adapt that of DCI format 2-x. 
Based on above discussion, we have below proposals:
Proposal 9: Existing “3+1” DCI size budget should be maintained when designing the DCI format for multi-cell scheduling in Rel-18 CA enhancement.

HARQ relevant enhancement

Regarding HARQ-ACK codebook design for multi-cell PDSCH scheduling, there is no issue for Type 1 HARQ-ACK codebook due to the semi-static codebook size and candidate PDSCH reception occasions. For Type 3 HARQ-ACK codebook, which is determined based on the number of configured carriers and the number of configured HARQ process numbers per carrier, there is no misunderstanding between UE and gNB on HARQ-ACK codebook size.
However, for Type 2 HARQ-ACK codebook, since each multi-cell scheduling DCI can schedule two, three or four PDSCHs, when the DCI is missed by UE, there may be misunderstanding between gNB and UE on the number of scheduled PDSCHs. In that sense, HARQ-ACK codebook ambiguity may happen. One way to resolve this ambiguity is to generate the number of HARQ-ACK information bits for the multi-cell scheduling DCI based on the maximum number of carriers scheduled by the DCI. E.g., if RRC signaling configures one multi-cell scheduling DCI can schedule max 4 carriers, then 4 HARQ-ACK information bits are generated for the DCI in case of single codeword transmission or two codeword transmission with spatial bundling, or 8 HARQ-ACK information bits are generated for the DCI in case of two codeword transmission without spatial bundling.
Furthermore, the schedulable carriers should be within same cell group so that HARQ-ACK feedback corresponding to the carrier scheduled by a single DCI can be included in a same HARQ-ACK codebook. In this way, single DAI, single HARQ-ACK feedback timing indicator, single PUCCH resource indicator as well as single TPC command can be indicated in the DCI.
Observation 3: There is no issue for Type-1/3 HARQ-ACK codebook determination when multi-cell PDSCH scheduling is supported.
Proposal 10: For Type-2 HARQ-ACK codebook determination, the number of HARQ-ACK information bits for each multi-cell PDSCH scheduling DCI is determined based on the maximum number of carriers scheduled by the multi-cell PDSCH scheduling DCI.
Proposal 11: The carriers scheduled by a single DCI are included in same cell group.


Conclusion
In this contribution, we focus on the open issues for using a single DCI format to schedule two PDSCHs on two different carriers and have below observations and proposals:
Observation 1: Payload size for 4/6/8-cell scheduling is huge.
Observation 2: Overhead reduction is required when the number of scheduled cells is larger than 2.
Observation 3: There is no issue for Type-1/3 HARQ-ACK codebook determination when multi-cell PDSCH scheduling is supported.

Based on above observations, we have below proposals:
Proposal 1: Multi-cell scheduling considers two cases: (1) one PDSCH or PUSCH is self-scheduled and other PDSCHs or PUSCHs are cross-carrier scheduled; (2) all the PDSCHs or PUSCHs are cross-carrier scheduled. 
Proposal 2: Multi-cell scheduling DCI can schedule multiple unlicensed carriers with or without licensed carriers.
Proposal 3: A multi-cell scheduling DCI schedules different TBs on different carriers.
Proposal 4: The maximum number of carriers which can be scheduled by a single DCI is 4.
Proposal 5: For a given DCI format, the maximum number of carriers which can be scheduled by the DCI is configured by RRC signaling from a set of possible values of 2, 3 and 4.
Proposal 6: The fields of multi-cell scheduling DCI are divided into three types:
· Type-1: shared to all the scheduled carriers.
· Type-2: separate to each of the scheduled carriers. 
· Type-3: shared to all the scheduled carriers or separate to each of the scheduled carriers dependent on RRC configuration.
Proposal 7: Fallback DCI does not support multi-cell scheduling.
Proposal 8: Multi-cell scheduling DCI does not support CBG-based transmission.
Proposal 9: Existing “3+1” DCI size budget should be maintained when designing the DCI format for multi-cell scheduling in Rel-18 CA enhancement.
Proposal 10: For Type-2 HARQ-ACK codebook determination, the number of HARQ-ACK information bits for each multi-cell PDSCH scheduling DCI is determined based on the maximum number of carriers scheduled by the multi-cell PDSCH scheduling DCI.
Proposal 11: The carriers scheduled by a single DCI are included in same cell group.
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