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1	Introduction
For Rel-15 NR, we have agreed on the following regarding the DCI format sizes:
Agreements: (RAN1#92bis)
· To confirm the 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 C-RNTI per slot
Conclusion: (RAN1#92bis)
· It is understood that DCI sizes to monitor do not vary dynamically from slot-to-slot (other than impact due to BWP switching) but are based on RRC configuration, CSS vs. USS, and/or active BWP.
Agreements: (RAN1#92bis)
· To confirm the following working assumption with update
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
Agreements: (RAN1#92bis)
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
· The case of TC-RNTI is a working assumption
· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA
· FFS other cases
Agreements: (RAN1#92bis)
Confirm the 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
Agreements: (RAN1#92)
· 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.


In this contribution we will discuss the remaining issues related to DCI format sizes.
2	DCI sizes for format 2_0, 2_1 and PDCCH order
The handling of the DCI sizes for C-RNTI based formats has been agreed in RAN1#92bis. It is confirmed that only up to 3 C-RNTI based DCI format sizes are supported, and a total of 4 sizes are supported. In addition, DCI format 2_2/2_3 always align the size to format 0_0/1_0 defined by initial BWP, so it does not use the additional DCI format size from the budget. This means that there is at least one DCI size available to be used for format 2_0 and/or 2_1.
The DCI sizes for format 2_0 and 2_1 are currently configurable. If the search space configurations leave two sizes to be used by 2_0 and 2_1, their sizes can simply follow the configuration and no special action needs to be taken. If there is only one size available, there are two options:
(1) Add constraint on the configurations such that the UE does not expect to be configured with more than 4 sizes in total. In this case, the gNB needs to configure proper value for the two formats.
(2) Define rules in the specifications on how to adjust the size of format 2_0 and/or 2_1 to satisfy the budget. This can be e.g. align the sizes of these two formats, or align one of the formats to format 0_0/1_0.
Option 1 is the simpler from the specification point of view (no rules need to be defined). It leaves the flexibility to the gNB on how to align different formats, so that the gNB can make best decision based on the actual payload size of each format.
Proposal 1: The UE is not expected to be configured with more than 4 DCI sizes.

The design of another DCI format for PDCCH order for random access is still ongoing. Most of the useful fields have been agreed. But it is not decided yet which format it should use. A natural choice would be to follow LTE approach and use format 1_0 by setting certain fields to pre-defined values (e.g. by setting the freq RA field to all 1’s). This also avoid using another DCI format size.
Proposal 2: PDCCH order for random access uses format 1_0 by setting certain field(s) to pre-defined value(s), followed by new fields required by PDCCH order.

Size of format 0_0/1_0 in SCell
We made the general agreement that the size of format 0_0/1_0 in CSS (and USS in case of size limitation) is determined by the initial BWP. However, the initial DL/UL BWP is not always defined for SCell (can be configured optionally), so the agreement needs to be revised for SCell.
For format 0_0/1_0 in CSS in SCells, there is only C-RNTI/CS-RNTI based DCI. So there is no issue of common understanding among UEs. There is not a strong motivation to use them to support the fallback in case of BWP switching failure either, as we can always fall back to PCell/SpCell. Therefore we do not see a good reason to use anything other the active BWP. And the active BWP can be used for format 0_0/1_0 in USS in SCells as well. So we propose:
Proposal 3: The size of format 0_0/1_0 in CSS and USS in SCells is determined using the active UL/DL BWP, and the frequency RA field is interpreted using the active BWP. (Note that this modifies part of the previous agreements on format 0_0/1_0 size.)
By doing so, the limit of up to 3 sizes for C-RNTI-based formats can be automatically satisfied on SCells.
3	Interpretation of frequency resource allocation field
The interpretation of frequency RA field has been agreed for format 1_0 in CSS at least for non-CA case and PCell in CA. Proposal 3 covers format 1_0 in CSS in SCells. What is remaining is format 1_0 in USS in PCell/SpCell.
For format 1_0 in USS in PCell/SpCell, when the size is determined based on the initial DL BWP, we still need to decide how to interpret the frequency RA field. As discussed in our previous paper [1], there are following options:
Option 1: zero-padding or truncating the field directly. This has been adopted for BWP switching DCI but the problem is well-known that padding the RIV value with zeros results in undesirable pruning of start and/or length values. BWP switching DCI may happen quite infrequently but scheduling DCI cannot tolerate such restrictive behaviour. So this should not be used here.
Option 2: derive the start position and length from RIV based on the initial BWP, and use the start and length on the active BWP. This means restriction of the start position and length to smaller values, but the behaviour is more predictable and easier to implement. A variation of this approach, as proposed in [1], is to define a virtual BWP, which corresponds to the maximum PRBs that can be supported by the bitwidth of the frequency RA field. The start position and length is derived from RIV based on the size (number of PRBs) of the virtual BWP, and then applied to the active BWP. This supports a larger range for the start position and length compared to interpretation using the size of the initial BWP.
Option 3: apply a scaling factor to both starting position and the length, which is essentially the RBG-based operation for type 1 (instead of RB-based). To be able to use the full active bandwidth, the scaling factor would need to be roughly equal to the ratio of the active BWP and the initial BWP.
Both the 2nd and 3rd approach would work.
Proposal 4: For format 1_0 in USS, in case the DCI size is determined using the initial BWP instead of the active BWP, one of the following options is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them to the active BWP, or
· Derive the start position and length from RIV based on the initial BWP, apply a scaling factor and then apply to the active BWP 

If one of these two options is adopted here, it may make sense to revisit the frequency RA field in the BWP switching DCI. Common solutions are always preferred from UE implementation point of view. In addition, the current padding approach adopted for BWP switching DCI is well known to be not performing well [1].

The next issue is about the interpretation of frequency RA field in format 0_0. In PCell or SpCell, even though there is no need to have common understanding among the UEs, it is beneficial to support the fallback for BWP switching failure, so it is useful to have frequency RA field interpretation not depending on the active BWP. Therefore, it makes sense to define the same behavior for format 0_0 as format 1_0.
Proposal 5: For format 0_0, the interpretation of the frequency RA field follows the same rules as format 1_0, with DL BWP replaced by UL BWP.

Starting PRB for format 1_0 frequency RA in case of initial DL BWP extension
[bookmark: _GoBack]In the initial access agenda, there is ongoing discussion on whether to extend the initial DL BWP to always include SSB (e.g. see our companion contribution [2]) for SS/PBCH and control resource set multiplexing pattern 2 and 3, to facilitate operation with initial active DL BWP. In multiplexing pattern 2 and 3, SSB can be placed above or below the CORESET#0 in frequency domain. With the current agreement in control AI, that the frequency RA in format 1_0 in CSS always starts at the first PRB in CORESET#0 and the maximum number of PRBs is given by the size of initial active BWP (i.e. CORESET#0), it is not possible to schedule e.g. RMSI/OSI/Paging in the same PRBs as SSB. This is the case regardless of whether SSB is placed above or below CORESET#0 in frequency domain, as CORESET#0 is the initial active BWP and SSB is on different PRBs from CORESET#0. So if it is agreed that the initial BWP part is extended to include SSB, the agreement would need to be revised if it is desired to enable PDSCH scheduling (e.g. for paging and OSI) to use full intial access DL BWP.
In this case, a sensible approach would be that if the initial BWP falls within the active BWP, the frequency RA is interpreted using the initial BWP; otherwise the lowest PRB of the CORESET is used as currently agreed. So the first part addresses the nested BWP operation, and the second part handles the case with non-overlapping BWPs.
[bookmark: _Hlk513674397]Proposal 6: If it is agreed that the initial DL BWP is extended to always include SSB, for format 1_0 in CSS in PCell/SpCell:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the initial DL BWP if the initial DL BWP falls within the active DL BWP, otherwise it starts from the lowest RB in the CORESET.
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
(Note that this would override the previous agreements.)
4	Conclusion
In this contribution we have discussed the size alignment of different DCI formats and the interpretation of the frequency RA field, and proposed the following:
Proposal 1: The UE is not expected to be configured with more than 4 DCI sizes.
Proposal 2: PDCCH order for random access uses format 1_0 by setting certain field(s) to pre-defined value(s), followed by new fields required by PDCCH order.
Proposal 3: The size of format 0_0/1_0 in CSS and USS in SCells is determined using the active UL/DL BWP, and the frequency RA field is interpreted using the active BWP. (Note that this modifies part of the previous agreements on format 0_0/1_0 size.)
Proposal 4: For format 1_0 in USS, in case the DCI size is determined using the initial BWP instead of the active BWP, one of the following options is used for the interpretation of frequency RA field:
· Derive the start position and length from RIV based on the initial BWP or a virtual BWP (the maximum bandwidth that can be supported by the bitwidth of the frequency RA field), and apply them to the active BWP, or
· Derive the start position and length from RIV based on the initial BWP, apply a scaling factor and then apply to the active BWP 

Proposal 5: For format 0_0, the interpretation of the frequency RA field follows the same rules as format 1_0, with DL BWP replaced by UL BWP.
Proposal 6: If it is agreed that the initial DL BWP is extended to always include SSB, for format 0_0 in CSS in PCell/SpCell:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the initial DL BWP if the initial DL BWP falls within the active DL BWP, otherwise it starts from the lowest RB in the CORESET.
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
(Note that this would override the previous agreements.)
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