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1. Introduction
In RAN1#86, the followings were agreed. 
Agreements:
· PRB definition where the number of subcarriers per PRB is the same for all numerologies is supported

· Examples of the number of subcarriers per PRB for NR study are 12, 16
· Additional PRB definition with the different number of subcarriers is not precluded
Agreements:
· The number of subcarriers per PRB for NR study are 12, 16

Conclusions:

· RAN1 will down select the number of subcarriers per PRB in the next meeting

Agreements:
· For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain
Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case
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This contribution discusses remaining issues related to frequency domain alignment between different numerologies and RB structure. 
2. Discussion

2.1. RB Structure
In terms of RB definition, between 12 and 16, there were some discussions. To allow efficient multiplexing among scalable subcarrier spacings, 16 could offer some benefits. Furthermore, if 8 ports DM-RS design is considered, 16 RE per PRB in frequency domain can offer cleaner/simpler design. 
However, with 16 REs per RB in frequency domain would require new designs in many aspects which can be avoided by adopting 12 REs per RB. For example, MCS/TBS table of LTE cannot be reused when RB structure changes from LTE. Also, number of RBs within system bandwidth and REs/RB would change, which would require possibly new sequence design in RS.  
Based on benefits and drawbacks, we consider that 12 REs per PRB is acceptable. 

In terms of time domain, we consider one RB can be defined per subframe/TRU (time resource unit), and RB bundling may be considered for small TRU sizes. 
2.2. Frequency-alignment among different numerologies
It was agreed to maintain the same number of subcarriers in a RB regardless of numerology. Thus, one RB bandwidth becomes 12 * SC or 16 * SC. When multiple numerologies are multiplexed in a NR carrier via FDM, FDM can be done dynamically and/or semi-statically. Regardless of semi-static or dynamic FDM, a UE needs to be indicated with start and end frequency location where a numerology can be applied. For example, if the network wants to dynamically change two numerologies across the entire system bandwidth, for both numerologies the start and end frequency location across the entire system bandwidth will be indicated. When two numerologies are multiplexed in FDM manner, it is necessary to consider scheduling flexibility. For example, 15 kHz and 60 kHz subcarrier spacing are multiplexed in 110 RB carrier (based on 15 kHz), 30 consecutive RB of 15 kHz and 20 consecutive RB of 60 kHz can be multiplexed if RB grid of 60 kHz is formed appropriately. If 60 kHz RB grid can be formed aligned with 15 kHz RB grid in a nested manner, in other words, 60 kHz RB can starts in every 4th RB of 15 kHz, at best 28 consecutive RB of 15 kHz and 20 consecutive RB of 60 kHz can be multiplexed, and 2 RB in the end may be wasted. Furthermore, the scheduled RBs of 15 kHz would change over time, and thus, available RBs for other numerologies would change dynamically. In this sense, fixed grid of different numerologies in a nested manner will bring considerable inefficiency. 
In terms of RB grid formation, we can consider the following options. 

(1) Option 1: RB grid of a carrier is defined based on a reference numerology. Minimum unit of FDM among different numerology is one RB based on the reference numerology. 

(2) Option 2: RB grid of a carrier is defined per numerology. Minimum unit of FDM among different numerology is one RB based on the largest subcarrier spacing that the carrier supports. 

(3) Option 3: RB grid of a carrier is defined per numerology. Scheduling follows RB grid of each numerology.
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Figure 1. Illustration of RB grid by different options

Using Option 1 based on a reference numerology of 15 kHz, RB formation of different subcarrier spacing can be shown in Figure 1 (a). Depending on the usage of RB of different numerology (e.g., 15 or 30 kHz), the RB grid of 60 kHz can be different to maximize the resource utilization. Compared to Option 1, Figure 1 (b) does not offer flexibility depending on the scheduled resource. To minimize resource fragmentation, it is desirable to limit the minimum scheduling bandwidth of each numerology is same as at least one RB based on the largest SC supported by the carrier. If more than two numerologies are multiplexed, for the given frequency resource, it seems desirable to limit the minimum scheduling bandwidth of a numerology is at least same as to one RB based on the largest subcarrier spacing which can be multiplexed in the same frequency resource. Otherwise, resource fragmentation can occur. Particularly, for configuration of semi-static resource such as for control region, SPS, etc., minimum scheduling bandwidth considering different numerology multiplexing seems necessary. 
To avoid such inefficiency and resource fragmentation, RB grid of each numerology can be dynamically defined as in Option 1. When semi-static FDM is used, RB grid of a numerology can be defined within the semi-statically defined frequency region from the lowest frequency. When dynamic FDM is used, RB grid of a numerology can have multiple options in terms of patterns if the numerology is not the reference numerology. In such a case, the RB grid can be indicated dynamically via L1 signalling. For example, for RB grid of 60 kHz, if the reference numerology is 15 kHz, potentially four different RB grid can be constructed as shown in Figure 1 (a). Depending on RB usage of 15 kHz and other numerologies, different RB grid can be selected. 
Proposal 1: When FDM is used, RB grid of each numerology is formed independently from other numerologies. RB grid of a numerology can start in any RB boundary based on reference numerology. Dynamic indication of starting frequency of RB grid formation for each numerology other than reference numerology is supported. 
3. Conclusion

This contribution discussed frequency alignment among different numerologies. The proposal is the follows.
Proposal 1: When FDM is used, RB grid of each numerology is formed independently from other numerologies. RB grid of a numerology can start in any RB boundary based on reference numerology. Dynamic indication of starting frequency of RB grid formation for each numerology other than reference numerology is supported. 
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