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1 Introduction
Regarding DCI contents and formats, followings are agreed in the previous meetings [1, 2].

RAN1 AH1801 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
RAN1 AH1801 Working assumption:

· Sizes of all DCI bit fields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:

· Zero-pad too small bitfields to match the new BWP

· Truncate too large bitfields to match the new BWP
RAN1#92 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.

RAN1#92 Agreements:

Rearding the 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

It is replaced by the following 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
This contribution discusses remaining issues for DCI formats and contents.

2 Remaining issues on DCI contents and format
Table 1 summarizes the list of possible DCI sizes based on agreements so far.
Table 1. DCI format sizes
	DCI format
	SS type
	Active BWP

	
	
	Initial
	Active

	0-0/1-0
	CSS
	Size A0

	0-0/1-0
	USS
	
	Size A0, if DCI budget is fulfilled 

Size A1, otherwise
(Working assumption)

	0-1
	USS
	Size B0
	Size B1

	1-1
	USS
	Size C0
	Size C1

	2-0
	CSS
	Size D (up to 128 bits)

	2-1
	CSS
	Size E (up to 126 bits)

	2-2/2-3
	CSS
	Size A0 (Working assumption)


Maximum DCI size budget

It is preferred to confirm the working assumption for DCI size budget, i.e., at most 4 different DCI sizes can be monitored per slot if any critical issue is not found. Based on Table 1, there can be at most 6 different sizes of DCI if the working assumptions are confirmed. However, increasing the DCI size budget shall impact on the UE hardware implementation. There are various ways to ensure at most 4 different DCI sizes such as 1) specifying additional rules for DCI size alignment especially for 2-0/2-1 and 0-0/1-0 monitored in USS, 2) semi-static way using search space configuration and DCI size configuration, 3) dynamic way using PDCCH dropping rule [3], and etc. 

Proposal 1: Confirm following working assumption:

· At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per UE per slots
DCI size for format 2-0/2-1/2-2/2-3
The maximum sizes of format 2-0 and 2-1 are 128 bits and 126 bits, respectively. Depending on the gNB configuration the size of 2-0/2-1 may be various. If the size of 2-0/2-1 is always aligned with that of 0-0/1-0, there can be significant limitations on the possible configurations for 2-0/2-1 since the size of 0-0/1-0 is expected around 40 bits. On the other hand, if the size alignment between 2-0/2-1 and 0-0/1-0 is not supported, the number of blind decoding will increase inefficiently. For this reason, in our view, the size of format 2-0/2-1 may or may not be aligned with the size of format 0-0/1-0 depending on the configured size of 2-0/2-1 by higher layer. If the configured size of 2-0/2-1 is less than that of 0-0/1-0, zeros can be padded to 2-0/2-1 until the size equals that of 0-0/1-0. Otherwise, the size of 2-0/2-1 may be different to that of 0-0/1-0.
Regarding the size of 2-2/2-3, it is preferred to confirm the working assumption made in previous meeting, i.e., the size of 2-2/2-3 is aligned with that of 0-0/1-0. 
Proposal 2: If the size of format 2-0/2-1 is less than that of 0-0/1-0, zeros are padded to format 2-0/2-1 until the size equals that of format 0-0/1-0. Otherwise, the size of 2-0/2-1 is not matched to that of 0-0/1-0.
Proposal 3: Confirm following working assumption:
· (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

DCI size for format 0-0/1-0 monitored in USS

It would be more efficient to consider that the size of DCI format 0-0/1-0 is always given by the initial DL BWP regardless of the search space types (i.e., CSS or USS) where 0-0/1-0 is monitored in. Several benefits can be observed such as 1) much easier to ensure the maximum number of DCI size budget, 2) Ensuring that the number of different sizes of DCI formats scrambled by C-RNTI is always less than 3, 3) achieving more robustness for fallback DCI reception thanks to the small payload size. The only possible drawback is the limitation in frequency-domain resource allocation. This issue can be resolved by introducing a re-interpretation rule for the resource allocation field in DCI format 0-0/1-0 scrambled by C-RNTI.
Proposal 4: For DCI format 0-0/1-0 monitored in USS, the size is given by the initial DL BWP.
DCI field re-interpretation
To resolve the issue of limitation in frequency-domain resource allocation when it is indicated from the smaller BWP size to the larger BWP size, a mechanism to re-interpret the DCI format is required. One possible solution is to apply a scaling factor when the frequency-domain resource allocation filed is interpreted. The scaling factor K can be defined by 
K = floor(BW of BWPy/BW of BWPx),

where BWPy represents the target BWP to apply the resource allocation field and BWPx corresponds to the BWP determining DCI size. Then the obtained frequency-domain resource allocation filed based on BWPx size can be scaled by K and applied to the BWPy. Figure 1 shows an example of re-interpretation of DCI format 1-0 which is scrambled by C-RNTI and monitored in CSS. It is assumed that the size of DCI format 1-0 is determined by initial BWP (BW=6RBs) and monitored in active BWP (BW=12RBs). Then the starting RB and length of RBs can be scaled by K=2 and then applied to the active BWP.
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Figure 1. Example of re-interpretation for frequency-domain resource allocation field
Regarding time-domain resource allocation field, truncated/padded match and interpretation can be applied for the general cross-BWP scheduling case. Especially, for DCI format 0-0/1-0 scrambled by C-RNTI, the time-domain table can be assumed as a predefined for DCI format 0-0/1-0.
Proposal 5: For DCI format 0-0/1-0 scrambled by C-RNTI and monitored in active BWP other than initial BWP, following re-interpretation rule is applied

· For frequency-domain resource allocation field, the start/length is scaled by a factor K where K = floor(BW of active BWP / BW of initial BWP).
· For time-domain resource allocation field, the time-domain table predefined for DCI format 0-0/1-0 is assumed.
3 Conclusion

This contribution discusses DCI contents and formats and following proposals were made:
Proposal 1: Confirm following working assumption:

· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per UE per slots

Proposal 2: If the size of format 2-0/2-1 is less than that of 0-0/1-0, zeros are padded to format 2-0/2-1 until the size equals that of format 0-0/1-0. Otherwise, the size of 2-0/2-1 is different to that of 0-0/1-0.

Proposal 3: Confirm following working assumption:

· (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.
Proposal 4: For DCI format 0-0/1-0 monitored in USS, the size is given by the initial DL BWP.
Proposal 5: For DCI format 0-0/1-0 scrambled by C-RNTI and monitored in active BWP other than initial BWP, following re-interpretation rule is applied

· For frequency-domain resource allocation field, the start/length is scaled by a factor K where K = floor(BW of active BWP / BW of initial BWP).
· For time-domain resource allocation field, the time-domain table predefined for DCI format 0-0/1-0 is assumed.
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