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1. Background
Following agreements have been achieved at the RAN1#102-e meeting [1].
	Agreements:
· For the study on single DCI scheduling PDSCH on two cells 
· Consider the following scenarios as baseline for evaluation 
· UE configured with Inter-band CA with PCell and an SCell 
· PCell for the UE is operated on a DSS carrier (i.e.,  same carrier is also used for serving LTE users)
· Case 1: Different SCS for PCell and SCell
· Case 2: Same SCS for PCell and Scell
· Additional scenarios can also be evaluated, e.g. as below 
· Intra-band CA case with multiple serving cells having same SCS (all cells operated on non DSS carriers)
· Inter-band CA case with PCell and more than one SCell (at least the SCells are operated on non DSS carriers)
· Note: other combinations not precluded
· Note: Further details of evaluation framework (including carrier BW, slot format etc.) to be discussed in next stage



In this contribution, we share our views on multi-cell PDSCH scheduling via a single DCI.

2. DCI contents for multi-cell PDSCH scheduling via a single DCI
In order to see the gain of multi-cell PDSCH scheduling, it is necessary to have at least a rough understanding of the DCI contents for multi-cell PDSCH scheduling via a single DCI. 
RAN1 agreed that the baseline scenario is inter-band CA with the PCell being operated as a DSS carrier. The SCell is either a non-DSS carrier or a DSS carrier using the same or different SCS. In this type of scenarios, typically channel characteristics are not correlated, and radio parameters such as duplex modes, bandwidths, MIMO configurations, etc, are set differently/independently between the PCell and the SCell. For this case, it is necessary to keep independent DCI fields for different cells and hence is not easy to design a DCI for multi-cell PDSCH scheduling such that its overhead is significantly smaller than the use of two independent DCI formats for two scheduled PDSCHs.
RAN1 also agreed some additional scenarios, e.g., intra-band CA with multiple serving cells having the same SCS (all cells operated on non-DSS carriers). This would mainly be for mid/high bands where a wider bandwidth than a single carrier is available. For this case, SCSs, duplex modes, and MIMO configurations should be the same. Considering that the channel characteristics would be correlated each other, the DCI can be designed such that some or many DCI fields are shared between the two scheduled cells.
Table 1 shows a rough design of a DCI format for multi-cell PDSCH scheduling for the two scenarios. The conditions/assumptions are as follows:
· Many of the optional fields are not included for simplicity.
· Carrier 1: an FDD carrier with BW of 20MHz with SCS 15kHz.
· One TB per PDSCH is assumed.
· TDRA and PDSCH-to-HARQ fields are assumed to be 2 bits.
· Carrier 2: a TDD carrier with BW of 100MHz with SCS 30kHz.
· One TB per PDSCH is assumed.
· TDRA and PDSCH-to-HARQ fields are assumed to be 4 and 3 bits, respectively.
· Scenario 1: inter-band CA for a DSS-carrier and a non-DSS-carrier
· Carrier 1 and Carrier 2 are assumed to be in different bands
· The PDSCHs share the same PUCCH resource for HARQ-ACK
· Scenario 2: intra-band CA for non-DSS-carriers
· Carrier 2 and another Carrier 2 are assumed to be in the same band
· The PDSCHs share the TDRA fields
· The PDSCHs share the same PUCCH resource for HARQ-ACK

Table 1	Rough designs of a DCI format for multi-cell PDSCH scheduling for two scenarios.
	
	Single-cell scheduling
	Multi-cell scheduling

	
	Carrier 1
	Carrier 2
	Scenario 1
	Scenario 2

	DCI format indicator
	1
	1
	1
	1

	FDRA
	14
	18
	14+18
	18+18  18

	TDRA
	4
	4
	4+4
	4

	ZP-CSI-RS
	2
	2
	2+2
	2+2  2

	MCS
	5
	5
	5+5
	5+5

	NDI
	1
	1
	1+1
	1+1

	RV
	2
	2
	2+2
	2+2

	HARQ process
	4
	4
	4+4
	4+4

	DAI
	4
	4
	4
	4

	TPC for PUCCH
	2
	2
	2
	2

	PUCCH resource
	3
	3
	3
	3

	PDSCH-to-HARQ
	2
	3
	3
	3

	Antenna port(s)
	4
	6
	4+6
	6+6  6

	SRS request
	2
	2
	2+2
	2+2  2

	CRC
	24
	24
	24
	24

	Total
	50 (+ 24-bit CRC)
	57 (+ 24-bit CRC)
	95 (+ 24-bit CRC)
	97 (+ 24-bit CRC), or
71 (+ 24-bit CRC)

	OH saving (%) compared to two DCIs
	
	
	23.2%
	25.3%, or
41.3%



As seen above, the gain by the multi-cell scheduling is around 23 ~ 25% for both scenario 1 and scenario 2. However, scenario 2 can further reduce the DCI payload as follows:
· FDRA: assuming that this band is not a coverage band and is for small cell, it would be possible to make the scheduling granularity being coarser without large loss of spectral efficiency. One way is to enable PDSCH frequency-domain resource allocation with handling two scheduled cells as if they are a single cell. PDSCH resource allocation type 0 with larger RBG size e.g., 32 RBs and PDSCH resource allocation type 1 for two concatenated 100MHz carriers with SCS 30kHz can realize the FDRA field of 18 bits in total for the two cells.
· ZP-CSI-RS, antenna port(s), SRS request: some fields such as these fields can be joint DCI fields for both PDSCHs in the scheduled cells as in Table 2 below.
With these, the DCI payload of scenario 2 can be 71 bits (+ 24-bit CRC) (assuming FDRA = 18 bits, antenna port(s) = 6 bits, and SRS request = 2 bits) that achieves OH saving compared to two individual DCIs of 41.3%.

Table 2	Example of joint DCI field that maps a DCI codepoint to the values for the scheduled PDSCHs
	DCI codepoint
	Value for PDSCH 1
	Value for PDSCH 2

	0
	A
	X

	1
	B
	Y

	2
	C
	Z

	3
	D
	W

	4
	E
	-

	5
	F
	-



Observation 1: The gain from multi-cell PDSCH scheduling compared to single-cell PDSCH scheduling in inter-band CA for DSS scenario is mainly comes from the omission of 24-bit CRC. In intra-band CA scenario, higher gain would be achievable by compressing some DCI fields.

Proposal 1: Consider further DCI compression schemes that are effective for the cases where the scheduled cells are highly correlated (e.g., intra-band CA).


3. 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.
· NW can schedule one cell or multiple cells by the DCI format for multi-cell PDSCH scheduling.

Two options 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). 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 should be able to indicate 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.1 would fix the DCI format size for multi-cell PDSCH scheduling even when data is scheduled on one of the cells. The DCI format size and resulting DL control overhead can be adjusted according to SCell addition/removal by RRC signalling. If the DCI size compression is enabled as described in Section 2, the extra overhead may no longer be an issue of multi-cell PDSCH scheduling. If the overhead is still an issue, RAN1 can consider the DCI format size adjustment in dynamic manner. For example, BWP-switching can be extended to enable DCI format adjustment. For BWP-switching, DCI fields of a DCI format, whose payload is determined by the previously active BWP, are interpreted based on the newly activated BWP. After the BWP-switching, the DCI size is determined by the newly activated BWP. Similar solution can be considered for Opt.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. 
An example realization of this solution is the re-use of 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. 
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Fig. 3	PDCCH monitoring option 2

Opt.2 enables dynamically selecting a DCI format from the one for single-cell PDSCH scheduling and the one for multi-cell PDSCH scheduling based on the value of CIF. However, it requires to split BD/CCE budgets into multiple sets under the given BD/CCE limits. This may increase the PDCCH blocking probability. Therefore, Opt.1 would be preferable.

Proposal 2: 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 cells, based on the higher-layer configurations, before blind decodes
· NW can schedule one cell or multiple cells by the DCI format for multi-cell PDSCH scheduling.

Proposal 3: 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.


4. Conclusion
In this contribution, multi-cell PDSCH scheduling was discussed. Following are the observation and proposals.

Observation 1: The gain from multi-cell PDSCH scheduling compared to single-cell PDSCH scheduling in inter-band CA for DSS scenario is mainly comes from the omission of 24-bit CRC. In intra-band CA scenario, higher gain would be achievable by compressing some DCI fields.

Proposal 1: Consider further DCI compression schemes that are effective for the cases where the scheduled cells are highly correlated (e.g., intra-band CA).

Proposal 2: 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 cells, based on the higher-layer configurations, before blind decodes
· NW can schedule one cell or multiple cells by the DCI format for multi-cell PDSCH scheduling.

Proposal 3: 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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