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Introduction
Following is the objective of the WID for Rel.17 DSS enhancements [1].
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



In this contribution, we share our views on multi-cell PDSCH scheduling via a single DCI.
Overview of multi-cell PDSCH scheduling via a single DCI
As described in [2], the motivation of enabling cross-carrier scheduling from an SCell to the PCell/PSCell is to offload the PDCCH from the DSS carrier (PCell/PSCell on a low band) to a non-DSS carrier (SCell, possibly on a mid band). Multi-carrier PDSCH scheduling may realize a reduction of PDCCH overhead on top of it, if it is specified. However, there should be other useful cases of multi-cell scheduling, e.g., intra-band CA with a number of CCs in one band on FR1 or FR2. Although the scope in the WI is limited to DSS on FR1 with up to 2 CCs, the study should consider forward compatible design of multi-cell PDSCH scheduling so that the feature is useful in various scenarios. Indeed, the potential specification impact would be identical (or minimal) even if we envision the scenarios beyond the scope, since the DSS scope already includes the possibility of inter-band CA with different bandwidths and different numerologies.
Proposal 1: Study a design of multi-cell PDSCH scheduling that is useful not only for CA between the PCell/PSCell and a SCell, but also for other scenarios, e.g., intra-band CA with a number of CCs on FR1 or FR2.

The main open issue is, for the DCI format that schedules PDSCHs on multiple carriers, whether each DCI field should be a joint/common field for the scheduled carriers, or should be split into independent fields for different scheduled carriers. In general, there is a trade-off between the scheduling flexibility and the DCI overhead. For efficient operation, having new DCI field(s) might be useful for some cases. The currently enabled operation, i.e., PDSCH scheduling on N cells from one scheduling cell by using N separate DCI formats, is the benchmark. Depending on the scenarios (e.g., the scheduled carriers use same or different numerologies, same or different bandwidths, etc), the appropriate DCI designs could be different. Therefore, some configurabilities would be necessary. For example, as seen in Fig. 1, if the scheduled cells are in different bands and are with different bandwidths/numerologies, many fields would need to be independent, while if they are in the same band, more fields could be joint/common.
Proposal 2: Study necessary DCI fields for the DCI format that schedules PDSCHs on multiple carriers, including whether a DCI field should be joint/common field for the scheduled carries,or should be split into indendent fields for different scheduled carriers.
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(a) Multi-carrier PDSCH scheduling for inter-band CA 
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(b) Multi-carrier PDSCH scheduling for intra-band CA 
Fig. 1	Multi-carrier PDSCH scheduling and its DCI format.

Note that joint/common field does not necessarily mean the DCI field indicates the same value for all the scheduled carriers. It is possible to map a codepoint of the field to a set of configured values for the set of scheduled carriers. The size of the joint/common field in this case depends on the maximum number of necessary codepoints for one of the scheduled carriers, as in Table 1. For the DCI field that does not require a lot of values and that enables RRC configurable mapping table, such joint/common indication with RRC configurability would suffice.
Table 1	Example of mapping between a DCI codepoint and values for the scheduled carriers
	DCI codepoint
	Value for carrier 1
	Value for carrier 2

	0
	A
	X

	1
	B
	Y

	2
	C
	Z

	3
	D
	W

	4
	E
	-

	5
	F
	-

	6
	-
	-

	7
	-
	-




PDCCH monitoring for multi-cell PDSCH scheduling
Support of the DCI format for multi-cell PDSCH scheduling will have impact on PDCCH monitoring procedure, as it is almost equivalent to introducing a new DCI format. Two design principles shall be taken into account, if it is decided to be supported.
· The UE should be able to know a set of PDCCH candidates for the DCI format scheduling PDSCHs for a given set of scheduled carriers, based on the higher-layer configurations, before blind decodes
· It should be possible for the NW to schedule one cell or multiple cells in dynamic manner

Two high-level directions can be considered.
Opt.1: The UE monitors a set of PDCCH candidates for a DCI format that can schedule PDSCH(s) on a set of cell(s). A field in the DCI format tells the UE on which cell(s) data is actually scheduled amongst the set of cells.
For example, a parameter (e.g., in the search space set configuration) provides the configuration of a set of cells on which the DCI format can schedule PDSCHs. The DCI format further indicates on which cell(s) among the configured set of cells the PDSCH(s) or PUSCH(s) is/are actually scheduled.
[image: ]
Fig. 2	PDCCH monitoring option 1

Opt.2: The UE monitors different sets of PDCCH candidates for DCI format(s) that can schedule PDSCH(s) on different sets of cell(s). Depending on which DCI format the UE detects, the UE is aware on which cell(s) data is actually scheduled amongst the set of cells. 
This option can be realized by re-using cross-carrier scheduling framework – different values of CIF are assigned to different sets of scheduled cell(s). A set of PDCCH candidates for a given set of scheduled cells is identified by the assigned value of CIF. The CIF field in the DCI format also points the set of scheduled cells. This looks like treating a set of scheduled cells as if they are a virtual cell. 
[image: ]
Fig. 3	PDCCH monitoring option 2

Although Opt.2 looks simpler for simple case such as CA with only 2 CCs, it becomes inefficient and insufficient when the UE is configured with more CCs. For example, to select 2 scheduled cells out from 4 configured cells in a CA operation, 6 values of the CIF have to be used. The UE is required to monitor different sets of PDCCH candidates for these CIF values. For a UE having limited BD/CCE budget (e.g., for a UE reporting smaller value of pdcch-BlindDetectionCA), splitting the number of PDCCH candidates into the subsets for different sets of scheduled cell(s) may increase the PDCCH blocking probability. Opt.1 has no such issue and can be easily extended to more than 2 scheduled cells. Therefore, we propose to adopt  with Opt.1. 

Proposal 3: Following should be realized:
· The UE is able to know a set of PDCCH candidates for the DCI format scheduling PDSCHs for a given set of scheduled carriers, based on the higher-layer configurations, before blind decodes
· NW can schedule one cell or multiple cells in a dynamic manner

Proposal 4: The UE monitors a set of PDCCH candidates for a DCI format that can schedule PDSCH(s) on a set of cell(s). A field in the DCI format tells the UE on which cell(s) data is actually scheduled amongst the set of cells.

Conclusion
[bookmark: _Ref450583331]In this contribution, we provided our views on the mutli-carrier PDSCH scheduling and proposed following.
Proposal 1: Study a design of multi-cell PDSCH scheduling that is useful not only for CA between the PCell/PSCell and a SCell, but also for other scenarios, e.g., intra-band CA with a number of CCs on FR1 or FR2.

Proposal 2: Study necessary DCI fields for the DCI format that schedules PDSCHs on multiple carriers, including whether a DCI field should be joint/common field for the scheduled carries,or should be split into indendent fields for different scheduled carriers.

Proposal 3: Following should be realized:
· The UE is able to know a set of PDCCH candidates for the DCI format scheduling PDSCHs for a given set of scheduled carriers, based on the higher-layer configurations, before blind decodes
· NW can schedule one cell or multiple cells in dynamic manner

Proposal 4: The UE monitors a set of PDCCH candidates for a DCI format that can schedule PDSCH(s) on a set of cell(s). A field in the DCI format tells the UE on which cell(s) data is actually scheduled amongst the set of cells.
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