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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1 #NR AH 1801 meeting, some agreements and working assumptions were made on the DCI contents and formats in the following:
	Agreements:
For one carrier:
· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
· Payload size for formats 0-1 and 1-1 may differ
Working assumption:
· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:
· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering
· FFS If a UE monitors 0-0/1-0 in CSS in CORESET 0 in a slot, it does not monitor formats 0-0 or 1-0 (or 2-x family in case they have a size aligned with 0-0/1-0) in any other search space
· Otherwise, use active BWP for DCI size determination and RB numbering


In this contribution, we present our views on the remaining issues of Downlink control information (DCI).We discuss how to balance between the blind decoding complexity and the performance of DCI, and analyze whether to align DCI format 2_0 and 2_1. Furthermore, we provide our considerations on the PDCCH order design. 
2. Discussion 
2.1. DCI sizes alignment 
[bookmark: OLE_LINK1]In the previous meeting, DCI formats were discussed and the following agreement was achieved: payload size for formats 0_1 and 1_1 may differ. According to the current DCI contents, the difference between DCI format 0_1 and 1_1 size may be up to 25bits or even worse as illustrated in table1. In the table, configuration 1 represents that DCI scheduling relative symmetry UL and DL services. Configuration 2 represents that DCI applied to a typical downlink biased scenario and configuration 3 is used for aggressive PDSCH/PUSCH scheduling. Details of DCI configurations can be found in the appendix table. If append padding bits to align the DCI size when the difference is great, the performance loss may be large. However, if DCI size were not aligned, it would increase the blind decoding complexity. In some cases, like the bit-width of frequency-domain resource allocation field for UL grant and DL assignment is the same, the difference between the two formats may be ignorable. It is thus beneficial to pad the format 0_1 and 1_1 to a same size, so that the blind decoding complexity can be reduced. Accordingly, whether to append padding bits to align the DCI size be configurable can balance the blind decoding complexity and the performance. If DCI format 0_1 and 1_1 are configured at the same time to a UE, network can determine whether to align the DCI size. It can increase the flexibility of network scheduling.


Table 1 DCI size difference between DCI format 0_1 and 1_1
	DCI payload without CRC (bits)
	Conf. 1
	Conf. 2
	Conf. 3

	Format 1_1(max DL)
	87
	87
	87

	Format 0_1(min UL)
	73
	65
	31

	Size difference
	14
	25
	56

	Format 0_1(max UL)
	82
	82
	82

	Format 1_1(min DL)
	72
	62
	40

	Size difference
	10
	20
	42



[bookmark: _Ref506052540]Proposal 1: Whether to align the DCI size between format 0_1 and 1_1 can be RRC configured.
The following working assumption was made in the previous meeting that at most four different DCI sizes are monitored by the UE per slot, and there is at most three different DCI sizes are monitored per C-RNTI per slot. According to the current agreement, we can see that fallback DCI in CSS CORESET 0 would occupy a DCI size scrambled by C-RNTI. If the format 0_1 and 1_1 adopt different DCI sizes, they may occupy another two monitoring DCI sizes scrambled by C-RNTI. In this case, only one monitoring DCI size can be used for DCI scrambled by other RNTIs (excluding C-RNTI). In consideration of the working assumption that DCI format 2_2 and 2_3 are padded to align the size of format 0_0/1_0, there is a remaining DCI size can be used for DCI format 2_0 and 2_1. Therefore, it should be possible to align the sizes of format 2_0 and 2_1 to reduce the number of DCI sizes that UE monitors. 
It is noted that each preemption indication is 14bits, and there may be 8 bits for one SFI. In order to align the sizes between DCI format 2_0 and 2_1 as much as possible, the granularity of configurable size of both DCI format 2_0 and 2_1 can be 1bit. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]When the payload of format 2_0 or 2_1 is close to that of fallback DCI, the DCI format 2_0 or 2_1 can be configured to align the fallback DCI size to further reduce blind decoding complexity. Some discussions about compact DCI can be found in our companion contribution in [4]. If compact DCI is introduced, the size of DCI format 2_0 or 2_1 can also be configured to align with that of the compact DCI. 
[bookmark: _Ref506294698][bookmark: _Ref506334152]Proposal 2: It should be possible to align the size between DCI format 2_0 and 2_1 using RRC configuration. 1-bit granularity is supported by RRC configuration of the size. 
[bookmark: _Ref506334347]Proposal 3: The size of DCI format 2_0 or 2_1 can be RRC configured to align with the size of fall back DCI, or compact DCI (if supported).
2.2. PDCCH order
DCI format for Downlink data arrival should be specified. One method is defining a new DCI format for PDCCH order. If UL fallback DCI is aligned with DL fallback DCI and the DCI for PDCCH order is aligned with the fallback DCI, 1-bit identifier for fallback DCI is not enough, it needs to extend the bitfield of the identifier for DCI formats to indicate the PDCCH order. Consequently, it would increase the payload of fallback DCI. Another method is to reuse the fallback DCI format (either 1_0 or 0_0) for PDCCH order, and the entire available payload can be re-interpreted. It can reserve the frequency-domain resource allocation bitfield as “1” to represent a PDCCH order. Because for all the bandwidth part, all “1” resource allocation fields always mean redundant values. 
The following table list some potential fields in PDCCH order:
Table 2 
	PDCCH order bitfield
	Reuse DCI format 1_0/0_0
	New DCI format

	Identifier for DCI formats
	[1]
	2 (one value indicates PDCCH order)

	PDCCH order indication
	
[] (set as “111…”)
	0

	Carrier indicator
	0 or 3
	0 or 3

	UL/SUL indicator
	1
	1

	Preamble index
	[6]
	[6]

	PRACH mask index
	TBD
	TBD



[bookmark: _Ref498771221]Proposal 4: Fallback DCI format (either 1_0 or 0_0) should be reused for PDCCH order.
3. Conclusion
In the contribution, we have some investigations on the remaining issues on DCI contents and formats, and propose that, 
Proposal 1: Whether to align the DCI size between format 0_1 and 1_1 can be RRC configured.
Proposal 2: It should be possible to align the size between DCI format 2_0 and 2_1 using RRC configuration. 1-bit granularity is supported by RRC configuration of the size.
Proposal 3: The size of DCI format 2_0 or 2_1 can be RRC configured to align with the size of fall back DCI, or compact DCI (if supported).
Proposal 4: Fallback DCI format (either 1_0 or 0_0) should be reused for PDCCH order.
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Appendix
Table 3 DCI size difference between max payloads of format 1_1 and min payloads of format 0_1
	
	DCI format 1_1 (max DL)
	DCI format 0_1 (min UL)

	
	Bit field
	Bit size
	Bit field
	Conf. 1
Bit size
	Conf. 2
Bit size
	Conf. 3
Bit size

	
	Carrier indicator
	3
	Carrier indicator
	3
	3
	0

	
	Identifier for DCI formats
	[1]
	Identifier for DCI formats
	[1]
	[1]
	[1]

	
	BWP indicator
	2
	BWP indicator
	2
	1
	0

	
	Frequency domain RA
	19
	Frequency domain RA
	13
	13
	9

	
	Time domain RA
	4
	Time domain RA
	4
	2
	0

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

	
	PRB bundling size indicator
	1
	Frequency hopping flag
	1
	1
	1

	
	Rate matching indicator
	2
	NA
	
	
	

	
	ZP CSI-RS trigger
	2
	NA
	
	
	

	
	MCS/NDI/RV for the first CW
	8
	MCS/NDI/RV for the CW
	8
	8
	8

	
	MCS/NDI/RV for the second CW
	8
	NA
	
	
	

	
	HARQ process number
	4
	HARQ process number
	4
	4
	4

	
	DAI
	4
	DAI
	2
	2
	1

	
	TPC command for scheduled PUCCH
	2
	TPC command for scheduled PUSCH
	2
	2
	2

	
	ARI
	2
	SRS resource indicator
	2
	2
	0

	
	HARQ timing 
	3
	Precoding information and number of layers
	4
	4
	0

	
	Antenna port(s)
	6
	Antenna ports
	5
	4
	2

	
	TCI
	3
	CSI request
	6
	3
	0

	
	SRS request
	2
	SRS request
	2
	2
	2

	
	CBGTI
	8
	CBGTI
	8
	4
	0

	
	CBGFI
	1
	PTRS-DMRS association
	2
	2
	0

	
	DMRS sequence initialization
	1
	DMRS sequence initialization
	1
	1
	0

	
	
	
	beta_offset indicator
	2
	2
	0

	
	
	
	UL/SUL indicator
	0
	0
	0

	Total
	
	87
	
	73
	62
	31




Table 4 DCI size difference between min payloads of format 1_1 and max payloads of format 0_1
	
	DCI format 1_1 (min DL)
	DCI format 0_1 (max UL)

	
	Bit field
	Conf. 1
Bit size
	Conf. 2
Bit size
	Conf. 3
Bit size
	Bit field
	Bit size

	
	Carrier indicator
	3
	3
	3
	Carrier indicator
	3

	
	Identifier for DCI formats
	[1]
	[1]
	[1]
	Identifier for DCI formats
	[1]

	
	BWP indicator
	2
	1
	0
	BWP indicator
	2

	
	Frequency domain RA
	13
	13
	9
	Frequency domain RA
	19

	
	Time domain RA
	4
	2
	0
	Time domain RA
	4

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

	
	PRB bundling size indicator
	1
	1
	0
	Frequency hopping flag
	1

	
	Rate matching indicator
	1
	1
	0
	NA
	

	
	ZP CSI-RS trigger
	1
	1
	0
	NA
	

	
	MCS/NDI/RV for the first CW
	8
	8
	8
	MCS/NDI/RV for the CW
	8

	
	MCS/NDI/RV for the second CW
	0
	0
	0
	NA
	

	
	HARQ process number
	4
	4
	4
	HARQ process number
	4

	
	DAI
	4
	2
	0
	DAI
	4

	
	TPC command for scheduled PUCCH
	2
	2
	2
	TPC command for scheduled PUSCH
	2

	
	ARI
	2
	2
	2
	SRS resource indicator
	2

	
	HARQ timing 
	3
	3
	3
	Precoding information and number of layers
	4

	
	Antenna port(s)
	6
	4
	4
	Antenna ports
	5

	
	TCI
	3
	3
	0
	CSI request
	6

	
	SRS request
	3
	3
	2
	SRS request
	2

	
	CBGTI
	8
	4
	0
	CBGTI
	8

	
	CBGFI
	1
	1
	0
	PTRS-DMRS association
	2

	
	DMRS sequence initialization
	1
	1
	0
	DMRS sequence initialization
	1

	
	
	
	
	
	beta_offset indicator
	2

	
	
	
	
	
	UL/SUL indicator
	1

	Total
	
	72
	62
	40
	
	82
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