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Introduction
At RAN1#92, some decisions around DCI sizes were taken.
From RAN1 January AdHoc on NR:
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

From 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.
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


These agreements and working assumptions are illustrated in Table 2.1 where the DCI size for different DCI formats and search spaces are listed as a function of the currently active bandwidth part in the UE. The “initial” bandwidth part is obtained as part of the initial access. The “default” and “wide” bandwidth parts are the bandwidth parts the UE can switch between in case of bandwidth adaptation; in absence of bandwidth adaptation being configured the UE only uses the “default” bandwidth part.

[bookmark: _Ref509314781]Table 2.1: DCI sizes.
	DCI format
	USS or CSS
	Active BWP

	
	
	Initial
	Default
	“wide”

	0-0/1-0
	CSS
	Size A0

	0-0/1-0
	USS
	
	Size A1
	Size A2

	0-1
	USS
	Size B0
	Size B1
	Size B2

	1-1
	USS
	Size C0
	Size C1
	Size C2

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

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

	2-2
	CSS
	Size F

	2-3
	CSS
	



As seen from the table, there are at least three open issues with the current agreements on DCI sizes:
· It is not in line with the current working assumption on “3+1 DCI sizes” as there can be up to 4 sizes with C-RNTI.
· Applying DCI size A0 to another BWP than the initial one (for which the DCI size is defined) needs to be defined.
· How to handle the 2-x family of DCI sizes as 2-0, 2-1, and 2-2/2-3 all can have different sizes?

Number of DCI sizes for C-RNTI
DCI formats 0-0/1-0, 0-1, and 1-1 can all be used with C-RNTI (formats 0-0/1-0 can also be used with other RNTIs). As seen from the table, there can thus be up to 4 different DCI sizes with C-RNTI (A0/A1/B1/C1 in case of the default BWP is active and A0/A2/B2/C2 in case the “wide” BWP is active) which is not in line with the working assumption of at most 3 DCI sizes with the C-RNTI.
[bookmark: _Hlk509819236]Possible remedies include (several of these were mentioned at RAN1#92):
1. Increase the DCI size budget to handle 4 DCI sizes with C-RNTI.
· Specification-wise simple. Provides additional flexibility.
· Not in line with the WA “at most 3 different DCI sizes are monitored per C-RNTI per slot”
2. Allow sizes A1/A2 in the table above as long as the “3+1” budget is fulfilled. If the configuration is such that this is not possible, use size A0 for 0-0/1-0 in both CSS and USS, i.e. confirm the WA from RAN1#91bis with the FFS removed:
· 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
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
3. Do not monitor DCI formats 0-0/1-0 with C-RNTI in CSS, at least not when another BWP than the initial BWP is active.
· Some impact on the possible payload sizes for the formats in the 2-x family; 0-0/1-0 in CSS with other RNTIs than C-RNTI (e.g. P-RNTI, SI-RNTI) need to use the “+1” size in the “3+1” budget, leaving no additional sizes for the 2-x family.
4. Do not monitor DCI formats 0-0/1-0 with C-RNTI in USS, at least not when another BWP than the initial BWP is active.
· Limits the usefulness of 0-0/1-0 as a general way of scheduling smaller PUSCH/PDSCH payloads when the more advanced NR features are not needed; forces the NW to use the higher overhead 0-1 and 1-1 even when not motivated by PUSCH/PDSCH transmission efficiency.
5. Mandate size-alignment of DCI formats 0-1 and 1-1
· Requires padding of the smallest of the two formats possible (except for occasional configurations where the “native” size of the two may be aligned).
· Not in line with the agreement “payload size for formats 0-1 and 1-1 may differ”
6. Configure the active BWP such that the DCI size is the same as of the initial BWP.
· Limits NR to use a BWP of at most 96 RB (the largest possible initial BWP).
· Not acceptable as a general solution.
7. Do not configure DCI formats 0-1 and/or 1-1
· Limits the usage of many NR features.
· Not acceptable as a general solution.

Proposal:
Preferred solution:
· increase the DCI size budget to 4 sizes with C-RNTI
If this is not agreeable, the second choice is to:
· allow sizes A1/A32in the table above as long as the “3+1” budget is fulfilled, otherwise use size A0 for 0-0/1-0 by confirming the WA with the FFS removed:
· 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
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

[bookmark: _Hlk509500848]Applying DCI 0-0/1-0 to another BWP than the size-defining one
Regardless of which of the proposals in the previous section that is adopted, a mechanism to convert a DCI format from one BWP size to another BWP size is required. At least for the CSS, and possibly for the USS, the size of 0-0/1-0 is defined by the initial BWP even if another (differently sized) BWP is active in the UE and to which the DCI should be applied. For DCI formats 0-0/1-0, only the frequency-domain resource allocation field differ between BWPs and resource-allocation type 1 is used (start/length encoded as a RIV).

Possible solutions include:
1. The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs.	
· [bookmark: _Hlk510094967]Allows for the same lengths as in the size-defining BWP but restricts the possible starting positions in the wider BWP.
2. The RIV field is truncated/padded to match the need of the active BWP. The truncated/padded fields is interpreted in and applied to the active BWP.
· [bookmark: _Hlk510094956]Can result in severe limitations in the lengths possible to schedule but provides full flexibility in the starting position in the wider BWP.
3. The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs but one or both of start/length is interpreted in terms of groups of resource blocks (i.e. the start and length values are multiplied by a factor K prior to being applied to the active BWP)
· Allows for a wider range in start and length. Similar to DCI format 1C in LTE.
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Figure 3.1: Example illustrations of different "RIV conversion" principles.

Proposal:
· For DCI formats 0-0/1-0 with the size defined by the initial BWP but applied to another active BWP:
· The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs but one or both of start/length is interpreted in terms of groups of resource blocks (i.e. the start and length values are multiplied by a factor K prior to being applied to the active BWP)
Handling of 2-x sizes
As seen from Table 2.1 the current agreements result in up to 3 DCI sizes for the 2-x family:
· Size D for DCI format 2-0
· Size E for DCI format 2-1
· Size F for DCI format 2-2 and 2-3
Given that in many typical configurations at least 3 DCI sizes with C-RNTI have been used the freedom in distributing DCI sizes for the 2-x family is limited (assuming the “3+1 budget”). Furthermore, depending on the configuration and future UE capability discussions, not all UEs may be configured with or capable of all the 2-x sizes.
Possible solutions include:
1. Sizes D, E, and F are all aligned and uses the remaining “non-C-RNTI size”
· This is a less attractive option as the needed payload size may differ significantly between the DCI formats.
2. DCI formats 2-2/2-3 are aligned with the size of DCI formats 0-0/1-0 in CORESET 0 (i.e. size D = size A0). DCI formats 2-0 and 2-1 share the remaining “non-C-RNTI size”
· Results in a well-defined, cell-wide payload size for power control purposes. This approach is similar to LTE where format 3/3A are size-aligned with format 0/1A.
3. Increase the DCI size budget for UEs supporting one or more of the 2-x formats.
· This could be combined with the previous approach, especially if 2-2/2-3 are supported by all UES and one or both of 2-0 and 2-1 are UE capabilities.

Proposal:
· The size of DCI format 2-2/2-3 is the same as DCI format 0-0/1-0 in CORESET 0.

Conclusion
Proposal:
Preferred solution:
· increase the DCI size budget to 4 sizes with C-RNTI
If this is not agreeable, the second choice is to:
· allow sizes A1/A32in the table above as long as the “3+1” budget is fulfilled, otherwise use size A0 for 0-0/1-0 by confirming the WA with the FFS removed:
· 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
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

Proposal:
· For DCI formats 0-0/1-0 with the size defined by the initial BWP but applied to another active BWP:
· The resource allocation (RIV) is interpreted according to the (size-defining) initial BWP, resulting in start and length. The start/length is applied to the active BWP where the data transmission occurs but one or both of start/length is interpreted in terms of groups of resource blocks (i.e. the start and length values are multiplied by a factor K prior to being applied to the active BWP)

Proposal:
· The size of DCI format 2-2/2-3 is the same as DCI format 0-0/1-0 in CORESET 0.
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