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1   Introduction
This contribution is a revision of R1-1716645. The relevant agreements in the past meetings related to RBG size are following,
RAN1-NR-AH#3 Agreement:
Working assumption:

· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.

RAN1-NR-AH#2 Agreement:
On RBG size/number:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.

· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:

· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 

· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.

· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.

· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 

· FFS: Dynamic switching of RBG size(s). 

· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).

· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).

· Opt. 5: RBG size is determined depending on the size of the BWP.

· Other options are not precluded.
Agreement (RAN1#89): 

On RBG size:

· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes

· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW

· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details
In this document, we discuss aspects related to RBG size and design considerations to enable for efficient reuse of unused control resources.
2   Discussion

It was agreed in RAN1#87 that “NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain”. Further in RAN1#90 on PDCCH/PDSCH resource sharing, it was agreed that for the same UE, “When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH”.

 It was agreed in the PDCCH structure discussions that for a 1-symbol CORESET, REG bundle size in frequency domain of 2, and 6 are supported; for a 2-symbol CORESET, REG bundle size in frequency domain of 3, and 6 are supported; and for a 3-symbol CORESET, REG bundle size in frequency domain of 2, and 6 are supported. Further, it was agreed as a working assumption that for the frequency domain resource configuration for a CORESET to re-use NR DL RA Type 0 basis in units of 6 RBs. 
It is desirable to make NR-PDSCH resource allocation design compatible with characteristics of NR-PDCCH. Thus, the RBG size used for NR-PDSCH (resource allocation based on RBGs similar to LTE RA Type 0), should be preferably chosen such that the REG bundle size is a sub-multiple of the RBG size used for NR-PDSCH, and the CORESET frequency domain granularity of 6RBs and RBG size have an integer multiple relationship.  
Proposal 1: NR-PDSCH RBG size is a multiple of REG bundle size (2, 3, or 6) in frequency domain to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.
It has been agreed in RAN1#90, the supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8. To support dynamic reuse, as agreed in RAN1#87, of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain, the size of NR-PDCCH candidates in frequency domain and RBG size used for NR-PDSCH should preferably evenly divide (multiple or sub-multiple of) each other as much as possible
For example, RBG size of 3RBs is used for NR-PDSCH (i.e., similar to 10MHz BW case for LTE) is compatible with CCE size/aggregation level combination that results in NR-PDCCH candidates spanning n*3RBs (at least for the no interleaving case, 1-symbol and 2-symbol CORESET, and power-of-2 aggregation levels) and can provide a better reuse (of PDCCH to PDSCH resources) than candidates spanning L*2RBs (e.g., 3-symbol CORESET, 2 freq x 3 time REG bundle, and power-of-2 aggregation levels). 

Proposal 2:  RBG size used for NR-PDSCH and aggregation levels and NR-PDCCH candidate sizes should be preferably chosen such that the size of NR-PDCCH candidates and RBG size used for NR-PDSCH evenly divide (multiple or sub-multiple of) each other to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.  
RBG size can be determined depending on the size of the BWP at least for slot-level scheduling. For small BWP, such as 5MHz a RBG size of 2 is reasonable from a control RA overhead perspective. This allows for efficient reuse of unused resources in at least the 1 and 3 symbol CORESETs. For larger BWP, a RBG size of 6 (or multiple of 6) would allow for a compatible design with PDCCH for all 1, 2, and 3-symbol CORESET duration. 
Proposal 3:  Slot-level scheduling RBG size is determined depending on the size of the BWP.
For mini-slot level scheduling, small RBG sizes (e.g., 2) would result in allocating resources at too small level granularity leading to unnecessarily large control overhead. Larger RBG size that is a multiple of the slot-level RBG size (e.g., 6 or multiple of 6) should be used that can result in a resource allocation granularity comparable to slot-level scheduling allocation. However, the number of RBG options should be limited to control implementation complexity. 

Proposal 4:  Minislot-level scheduling RBG size is a multiple of the slot-level RBG size.
3   Conclusions

In this document we discuss RBG size and design considerations to enable for efficient reuse of unused control resources. We propose, 
Proposal 1: NR-PDSCH RBG size is a multiple of REG bundle size (2, 3, or 6) in frequency domain to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.

Proposal 2:  RBG size used for NR-PDSCH and aggregation levels and NR-PDCCH candidate sizes should be preferably chosen such that the size of NR-PDCCH candidates and RBG size used for NR-PDSCH evenly divide (multiple or sub-multiple of) each other to allow for efficient reuse of unused resources in the control resource sets for NR-PDSCH.  

Proposal 3:  Slot-level scheduling RBG size is determined depending on the size of the BWP.

Proposal 4:  Minislot-level scheduling RBG size is a multiple of the slot-level RBG size.
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