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Introduction
In this contribution we discuss some remaining open issues on DCI as follows:
Number of DCI size budget
DCI size alignment
Maximum number of valid DCIs per slot
Number of DCI size budget
During RAN1 NR-AH#1801, the following was agreed related to the number of DCI sizes.
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
During RAN1#92, the following was also agreed.
Agreements:
· DCI formats 0-0/1-0, 0-1, and 1-1 can have different sizes. 
· DCI formats 0-1 and 1-1 can be received in USS only. The size is determined by the active BWP.
Working assumption:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
· FFS: how to meet the C-RNTI size and DCI size budget per slot
· align 0-1 and 1-1
· configure active BWP such that the DCI size is the same as of the initial BWP
· do not configure 0-1 and 1-1
· do not configure 0-0/1-0 in USS
· other are not precluded
· FFS: for format 0-0/1-0, how to interpret the frequency-domain field in a DCI with a size defined from a BWP with a different size than the BWP it is applied to
Based on the agreement so far, the DCI size options shown in Table 1 can exist for given active DL/UL BWP. Size 1 is used for fallback DCI in CSS (Common search space) determined by initial DL BWP. Size 2 is used for fallback DCI in USS (UE-specific search space) determined by active DL or UL BWP. Size 3 is used for non-fallback UL grant DCI determined by active UL BWP. Size 4 is used for non-fallback DL grant DCI determined by active DL BWP. Size 5 is for SFI DCI determined by RRC configuration. Size 6 is for pre-emption indicator DCI determined by RRC configuration.
Table 1: DCI size options for given active DL/UL BWP
	DCI format
	Size (given by BWP listed below)

	
	1 
(initial DL BWP)
	2 
(active DL or UL BWP)
	3 
(active UL BWP)
	4
(active DL BWP)
	5
(configurable)
	6
(configurable)

	 
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	C-RNTI
	 SFI-RNTI
	INT-RNTI 

	0-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 
	 

	0-1
	 
	 
	USS in any BWP
	 
	 
	 

	1-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 
	 

	1-1
	 
	 
	 
	USS in any BWP
	 
	 

	2-0
	 
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP
	

	2-1
	 
	 
	 
	 
	
	CSS with any configured CORESET ID in any configured BWP

	2-2
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	
	 

	2-3
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	
	 



Based on current agreement that at most 4 different DCI sizes are monitored by the UE per slot, and at most 3 different DCI sizes are monitored per C-RNTI per slot, NW can adopt different options to configure multiple DCI sizes as shown from Table 2 to Table 5. Yellow highlighted columns are configured DCI sizes among available ones in Table 1.
Example 1
· Fallback DCI configured for CSS only
· Non-fallback UL DCI configured for USS
· Non-fallback DL DCI configured for USS
· SFI and PI configured as the same size
Example 2
· Fallback DCI configured for CSS only
· Non-fallback DCI configured for USS with constraint that 0_1 and 1_1 size matching
· SFI configured as one size
· PI configured as another size
Example 3
· Fallback DCI configured for CSS
· Fallback DCI configured for USS
· SFI configured as one size
· PI configured as another size
Example 4
· Fallback DCI configured for CSS and USS
· Non-fallback UL DCI configured for USS
· Non-fallback DL DCI configured for USS
· SFI and PI configured as the same size

Table 2: Example 1 of configured DCI sizes
	DCI format
	Size (given by BWP listed below)

	
	1 
(initial DL BWP)
	2 
(active DL or UL BWP)
	3 
(active UL BWP)
	4
(active DL BWP)
	5=6
(configurable)

	 
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	C-RNTI
	 SFI-RNTI/INT-RNTI

	0-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 

	0-1
	 
	 
	USS in any BWP
	 
	 

	1-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 

	1-1
	 
	 
	 
	USS in any BWP
	 

	2-0
	 
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP

	2-1
	 
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP

	2-2
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	

	2-3
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	



Table 3: Example 2 of configured DCI sizes
	DCI format
	Size (given by BWP listed below)

	
	1 
(initial DL BWP)
	2 
(active DL or UL BWP)
	3=4, 3 only or 4 only
(active DL/UL BWP)
	5
(configurable)
	6
(configurable)

	
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	 SFI-RNTI
	INT-RNTI 

	0-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 

	0-1
	 
	 
	USS in any BWP
	 
	 

	1-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 

	1-1
	 
	 
	USS in any BWP
	 
	 

	2-0
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP
	

	2-1
	 
	 
	 
	
	CSS with any configured CORESET ID in any configured BWP

	2-2
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	

	2-3
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	 
	



Table 4: Example 3 of configured DCI sizes
	DCI format
	Size (given by BWP listed below)

	
	1 
(initial DL BWP)
	2 
(active DL or UL BWP)
	3 
(active UL BWP)
	4
(active DL BWP)
	5
(configurable)
	6
(configurable)

	 
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	C-RNTI
	 SFI-RNTI
	INT-RNTI 

	0-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 
	 

	0-1
	 
	 
	USS in any BWP
	 
	 
	 

	1-0
	CSS in any BWP
	USS in any BWP
	 
	 
	 
	 

	1-1
	 
	 
	 
	USS in any BWP
	 
	 

	2-0
	 
	 
	
	 
	CSS with any configured CORESET ID in any configured BWP
	

	2-1
	 
	 
	
	 
	
	CSS with any configured CORESET ID in any configured BWP

	2-2
	CSS with any configured CORESET ID in any configured BWP
	 
	
	 
	 
	

	2-3
	CSS with any configured CORESET ID in any configured BWP
	 
	
	 
	 
	



Table 5: Example 4 of configured DCI sizes
	DCI format
	Size (given by BWP listed below)

	
	1 =2
(initial DL BWP)
	3 
(active UL BWP)
	4
(active DL BWP)
	5=6
(configurable)

	
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	 SFI-RNTI/INT-RNTI

	0-0
	CSS/USS in any BWP
	 
	 
	 

	0-1
	 
	USS in any BWP
	 
	 

	1-0
	CSS/USS in any BWP
	 
	 
	 

	1-1
	 
	 
	USS in any BWP
	 

	2-0
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP

	2-1
	 
	 
	 
	CSS with any configured CORESET ID in any configured BWP

	2-2
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	

	2-3
	CSS with any configured CORESET ID in any configured BWP
	 
	 
	



As shown, there are multiple ways with enough flexibility for deployment based on existing agreement and working assumption. Therefore, we propose:
Proposal 1: Confirm the following WA with removing FFS in the sub-bullet
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
Proposal 2: Confirm also the following WA
· (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
We propose removing FFS for fallback DCI size determination in USS. The other way could be that the fallback DCI size in USS is always determined by the active (DL or UL) BWP when configured in USS.
For example 2 in Table 3, we need size matching between non-fallback DL and UL grant (0_1 and 1_1) in order to meet the total number of DCI size limit unless either one of 0_1 or 1_1 is configured only. Therefore, we need to allow size matching between 0_1 and 1_1. This means if any of DL or UL BWP size changes, 0_1 and 1_1 size may change together. If the fallback DCI size in USS is always determined by the active (DL or UL) BWP, this size matching can also be used when 4 DCI sizes are configured for C-RNTI.
[bookmark: _Hlk510789230]Proposal 3: Introduce size matching between 0_1 and 1_1, when 5 DCI sizes are configured to be monitored.
Current limit on the number of monitored DCI size is defined per slot. However, we view that the DCI size for a given DCI format should not dynamically change from slot to slot based on the number of monitored DCI sizes. For example, once the fallback DCI in USS is determined by initial DL BWP due to the DCI size budget in one slot, the size should be determined by initial DL BWP irrespective of the slots. When the active BWP changes, it should be noted that this is not considered as the dynamic DCI size change.
Proposal 4: DCI size for a given DCI format does not change unless active BWP changes.
DCI Size Alignment
It was agreed that the fallback DCI size for DL and UL is the same. For CSS, DCI format 0_0 and 1_0 is determined by initial DL BWP (CORESET0 BW). For USS, DCI format 0_0 and 1_0 is determined either by initial DL BWP or active (DL or UL) BWP. In both cases, we also need to agree on how to match the size. There are some fields defined with respect to the BW of the BWP. Depending on the BW of the BWP, DCI format size 0_0 can be larger than 1_0, or the other way. 
For CSS, DCI format 1_0 size is determined first by initial DL BWP. Then, DCI format 0_0 size needs to match DCI format 1_0. To maximize the efficiency of the format, frequency domain resource assignment field of 0_0 can be first used to match the size of 1_0. If 0_0 is still smaller than 1_0, zero padding can be used.
For USS, it can be determined either based on DL or UL BWP in case it is determined by active BWP. In order not to restrict the utilization of the DCI format, it is proposed to use the maximum of DCI format 0_0 and 1_0. Then, the smaller one will match the larger one via zero padding.
Proposal 5: When DCI format 0_0 and 1_0 size is determined by initial DL BWP, frequency domain resource assignment field in 0_0 is first used to match the size of 0_0 to 1_0. If 0_0 is still smaller than 1_0, zero padding is used.
Proposal 6: When DCI format 0_0 and 1_0 size is determined by active BWP, frequency domain resource assignment of 0_0 is determined by active UL BWP and that of 1_0 is determined by active DL BWP. Then, the smaller one match the larger one via zero padding.
Proposal 7: When SUL is configured and DCI format size is determined by active BWP, frequency domain resource assignment for 0_0 and 0_1 are determined by the maximum based on UL BWP and SUL BWP.
Maximum Number of Valid DCIs
Currently there is no limitation on how many valid DCIs needs to be received by the UE in NR specification. In theory, for 15 kHz SCS, UE may be prepared to receive 44 DCIs in a slot considering the maximum BD limit is 44. This will be very unrealistic but UE may be forced to be prepared for it since that case is not ruled out. In order not to make UE implementation complexity unnecessarily high, it is desirable to discuss and introduce the upper bound without hurting deployment flexibility.
The following aspects can be considered to derive the maximum number of valid DCIs per slot:
3 DCIs for SFI, PI and for TPC
1 TB, 2 TBs, 7 TBs PDSCH capable UE needs 1, 2, 7 unicast DL grant DCIs respectively.
1 TB, 2 TBs, 7 TBs PUSCH capable UE needs 1, 2, 7 unicast UL grant DCIs respectively.
FDD UE may support simultaneous PDSCH and PUSCH.
For x-carrier scheduling with mixed numerologies, 15 kHz SCS CC can schedule up to 8 120 kHz SCS CC, 30 kHz SCS CC up to 4 120 kHz SCS CC and so on.
Maximum number of valid DCIs should not exceed the max BD candidates.
RAN1 can discuss further whether to introduce the limit with respect to each case separately or just have some simple bound similar to BD limit. For baseline UE without multi-TB capability without x-carrier scheduling capability, we propose that UE at least supports up to 4 DCIs per slot regardless of SCS and TDD/FDD. For other cases, we can discuss the limit further.
Proposal 8: UE shall support at least up to 4 valid DCIs per slot when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.

Conclusions
In this contribution we have discussed some of remaining issues on DCI related and have made the following proposals:
Proposal 1: Confirm the following WA with removing FFS in the sub-bullet
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
Proposal 2: Confirm also the following WA
· (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
Proposal 3: Introduce size matching between 0_1 and 1_1, when 5 DCI sizes are configured to be monitored.
Proposal 4: DCI size for a given DCI format does not change unless active BWP changes.
Proposal 5: When DCI format 0_0 and 1_0 size is determined by initial DL BWP, frequency domain resource assignment field in 0_0 is first used to match the size of 0_0 to 1_0. If 0_0 is still smaller than 1_0, zero padding is used.
Proposal 6: When DCI format 0_0 and 1_0 size is determined by active BWP, frequency domain resource assignment of 0_0 is determined by active UL BWP and that of 1_0 is determined by active DL BWP. Then, the smaller one match the larger one via zero padding.
Proposal 7: When SUL is configured and DCI format size is determined by active BWP, frequency domain resource assignment for 0_0 and 0_1 are determined by the maximum based on UL BWP and SUL BWP.
Proposal 8: UE shall support at least up to 4 valid DCIs per slot when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.
[bookmark: _GoBack]


1/3
