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1. Introduction
In RAN1 NR Ad-Hoc2 meeting [1], the followings agreements were made regarding frequency-domain resource allocation and PRB indexing. 
	Agreement:
· 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.
Agreements:
· Common PRB indexing is supported
· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· The indexing is with respect to the reference point
· The indexing is with respect to a given numerology
· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.
· UE-specific PRB indexing is supported
· It is indexed per BWP with respect to the configured SCS for the BWP
· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH
Agreement:
· In configuration of a BWP,
· A UE is configured with BWP in terms of PRBs. 
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs



In this contribution, we provide our views about frequency domain resource allocation and PRB indexing. 
2. Discussion on frequency-domain resource allocation
In previous meeting, there was an agreement about RBG size/number, and potential options were discussed. In determining RBG size, two aspects at least need to be considered. First is how to adjust RBG size depending on bandwidth when active bandwidth part can be changed dynamically. As agreed in the last meeting, at least via MAC CE or DCI, bandwidth part can be switched where handling of DCI format/sizes needs to be addressed. Second aspect is how to handle different use cases such as any optimization for DCI scheduling URLLC applications. Or, any optimization for mini-slot scheduling where in general control overhead can become relatively larger due to shorter scheduling unit duration. 
For the first aspect, between Option 1 and Option 2, we prefer Option 2 as it can offer the flexible configuration by the network. If the network wants to maintain the same DCI size across different BWPs, the configuration can be done in such a way. In that sense, Option 2 can achieve what Option 1 can achieve. In addition, Option 2 allows configuration of different RBG sizes per BWP which will allow better multiplexing between UEs utilizing different BWPs. For example, if a UE with BWP 20 MHz and another two UEs with BWP 10 MHz share the same resource, it could be better to align RBG size to 10 MHz. One consideration of Option 2 is DCI size when BWP is switched via scheduling DCI. Depending on the selected BWP where potentially different RBG size is configured, it is possible that different resource allocation field for frequency domain may be present between old and new BWP. To handle this issue, one simple approach is to assume maximum bit sizes which can cover any resource allocation of the configured BWPs. This however can lead higher overhead. Another approach is to ensure the same RA size by proper configuration such as BWP and RBG configuration follows the principle of Option 1. This can restrict some configuration flexibility. 
Alternatively, to keep the bit field size, RBGs which can be indicated within a bandwidth part could be limited in a time depending on the RBG size. In other words, the overall RA field size is fixed where a combination of schedulable RBGs (the number of RBGs) and RBG sizes are maintained such that the required bitmap size would not change with BWP switching. Figure 1 shows an example for frequency-domain resource allocation for a given bandwidth part:
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Figure 1. Example of frequency domain resource allocation
Resource allocation consists of RBG size and RBG bitmap within a bandwidth are indicated by DCI. RBG bitmap can indicate all RBGs within a given bandwidth part, its bit field size can be varying depending on the indicated RBG size. Alternatively, to keep the bit field size constant, RBG index set to be indicated by DCI could be restricted as shown in Figure 1-(b). 
Another approach is to align the overall bit size by adjusting the bit field size for time-domain resource allocation depending on the RBG size to keep the overall bit field size of time-and-frequency resource allocation constant regardless of RBG size. In this case, scheduling flexibility on time-domain resources will be varying depending on the RBG size. In other words, it can be considered that dependency between time-domain resource allocation and frequency-domain resources.
RBG size can also be different depending on the transmission duration. One example is to realize compact DCI for URLLC use cases by increasing RBG size. However, we do not see a strong need to vary the RBG size depending on the duration of scheduled data. For example, between slot and multi-slot, different RBG size may be used unless it is for the alignment of DCI sizes. To support various use cases, we propose configuration of RBG size per DCI format for each BWP configuration. 
Proposal 1: Option 2 is adopted for frequency resource allocation mechanism with multiple BWPs. 
Proposal 2: RBG size can be different depending on the transmission duration and it can be indicated to UEs.
Proposal 3: Different RBG size with the same bandwidth can be configured depending on DCI format.

3. Discussion on PRB Grid Construction and PRB indexing
As agreed, a UE can be indicated with a reference point where PRB grid/indexing can be based on. In terms of reference point, various options were proposed including the center of carrier, center of SS block, center of the frequency band. With each approach, further details on PRB indexing are discussed. 
Based on those, we can consider the following approaches. 
(1) PRB grid is constructed starting from the center of a NR carrier
Simple approach is to construct PRB grid starting from the center of a NR carrier for the numerologies supported in the NR carrier. Figure 2 shows an example of the first approach.
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[bookmark: _Ref485285804]Figure 2. Illustration of PRB grid construction from the center
Assuming a UE is configured with bandwidth part around SS block in the left where potentially different numerology can be used from the numerology used for PBCH, a UE can construct PRB grid based on the information of center of the carrier. With the configured bandwidth part, based on the numerology, effective PRBs can be determined. This approach is simple. Potential drawback of this approach would be overhead to indicate the offset between SS block and carrier center frequency. To manage reasonable overhead, it is desirable that the gap between SS block and center would be multiple of RBs at least based on numerology used for PBCH. As a wideband UE needs to be informed with TX DC tone (i.e., center of carrier), it is generally desirable to inform center either in PBCH or RMSI or OSI. PRB grid can be constructed based on SS block as described in below until the UE knows center of carrier. 
(2) PRB grid is constructed starting from the center of a SS block
Another approach is to build PRB based on center frequency of SS block. In this case, to have aligned PRB grids among different UEs accessing different SS block, the gap between SS blocks should be at least multiple RBs based on the numerology used for PBCH. Moreover, to have aligned PRB between wideband and narrowband UEs, the gap between SS block and carrier center should be also multiple of RBs based on the numerology used for PBCH. However, for different numerology, the gap may not be multiple of RBs. To have the common PRB grid for different numerology from numerology used in PBCH, as shown in Figure 3, we can consider a few approaches. One is to restrict the gap between two SS blocks (and between SS block and carrier center) is multiple of RBs based on the largest subcarrier spacing supported by the carrier. If this is assured, PRB grid of each numerology can be formulated based on the center of SS block. Another approach is to indicate PRB grid offset for each numerology such that the common PRB grid can be used for all numerologies.
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[bookmark: _Ref485459765]Figure 3. Illustration of Second Approach
(3) PRB grid is constructed starting from the center of a NR band where SS block belongs to
If this approach is used, unless the center of NR band and center of SS block is multiple of PRB bandwidth (for example based on SS block numerology), it may be possible that PRB grid constructed based on the center of NR band may not be aligned with PRB grid constructed based on the SS block. In this sense, if channel raster is not multiple of RB bandwidth, offset value where PRB grid should be based on may need to be indicated. Furthermore, the number of maximum PRBs for PRB indexing can be considerably larger than the maximum PRBs in a NR carrier, which can lead unnecessary overhead. 
In this point of view, we propose to use center of a carrier as the reference point for global PRB indexing, which can be indicated either in PBCH or RMSI. 
In terms of handling of even/odd system bandwidth, if different PRB grid formation is used between even and odd system bandwidth like LTE, TX DC tone can be either subcarrier 0 or subcarrier 6. In our view, this can complicate overall DC handling and also PRB structure among different numerologies. Moreover, this requires indication of at least odd or even system bandwidth. To simplify RB grid construction, we propose to place TX DC tone at the subcarrier 0 always. In other words, even PRBs are constructed from the center of carrier. 
Proposal 4: PRB grid can be constructed aligned with PRB grid constructed based on center of carrier. 
Proposal 5: The gap between center of SS block and center of carrier is multiple of RBs based on a subcarrier spacing (at least subcarrier spacing used in PBCH). 
Proposal 6: Center of carrier is indicated in PBCH or RMSI or OSI. 
Proposal 7: DC tone is assumed to be subcarrier 0 of a PRB in the center.

4. Conclusion
In this contribution, we discuss frequency-domain resource allocation and PRB indexing. Our proposals are as follows:
Proposal 1: Option 2 is adopted for frequency resource allocation mechanism with multiple BWPs. 
Proposal 2: RBG size can be different depending on the transmission duration and it can be indicated to UEs.
Proposal 3: Different RBG size with the same bandwidth can be configured depending on DCI format.
Proposal 4: PRB grid can be constructed aligned with PRB grid constructed based on center of carrier. 
Proposal 5: The gap between center of SS block and center of carrier is multiple of RBs based on a subcarrier spacing (at least subcarrier spacing used in PBCH). 
Proposal 6: Center of carrier is indicated in PBCH or RMSI or OSI. 
[bookmark: _GoBack]Proposal 7: DC tone is assumed to be subcarrier 0 of a PRB in the center.
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