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1 Introduction

RB grid for FDM was concluded in RAN1#86 meeting as the following [1]:

Conclusions:
· Proponents are encouraged to study followings
· Alt. 1: Adopt RB grid for FDM as it is agreed in TDM

· Alt. 2: Use RB grid corresponding to the reference numerology for FDM, applied the same grid to TDM, and revisit above agreements for TDM
In last RAN1#86bis meeting, following working assumption was made [2]:

Working assumption:
· Adopt RB grid for FDM as it was agreed in TDM

This document will provide pros and cons analysis of Alt.1 and Alt.2 further and discuss RB allocation methods based on the Alt.1 (working assumption). 

2 Discussion
Comparison of Alt.1 and Alt.2

For the sake of comparison, RB allocations for numerology#1 (subcarrier spacing f0) and numerology#2 (subcarrier spacing 4f0) are exemplified in Figure 1. 
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Figure 1: Example RB allocation for FDM
· Alt.1: RB grid is designated for each numerology and cannot be cross-referenced for different numerology. For example, a UE supporting numerology#2 (subcarrier spacing 4f0) in Fig. 1(a) cannot be scheduled with an RB consisting of right half of RB0 and left half of RB1 on the RB grid of numerology#2.
· Alt.2: The numerology#1 (subcarrier spacing f0) is assumed as reference numerology (15 kHz). The RB grid corresponding to the reference numerology is used for RB allocation regardless of the transmission numerology, which enables fine granularity of resource allocation. Therefore, Alt.2 does not have the RB allocation restriction which is the case for Alt.1. However, Alt.2 has the costs such as; 
· Additional signalling for resource allocation is required.
· It may cause potential mismatch between RB allocation and measurement bandwidth (RB) for CQI reporting.
· If the resource utilization (RU) in NR system is low enough (in typical case the RU is not excessive), then the fine granularity of Alt.2 does not give a considerable benefit of flexible resource allocation over Alt.1.
· Under the same RU, there is little difference between Alt.1 and Alt.2. For example, referring to Figure 1, both Alt.1 and Alt.2 can schedule remaining RBs to the UEs supporting numerology#1 (subcarrier spacing f0).
· Given the RB grid for TDM as Alt. 1, adopting Alt.2 would incur complex scheduling process which varies depending on multiplexing options (TDM/FDM). In other words, TDM should be revisited.
Therefore, we propose the following
Proposal 1: Confirm the working assumption (Alt 1) on RB grid for FDM as the agreement.
RB allocation

Given the fixed RB grid, the RB allocation in the frequency domain should be defined in order to ensure addressing frequency resources. One approach is to align the RB boundary with the edge in one frequency side, which is shown as an example in RAN1#86 agreements, and illustrated in Fig. 2 (a). This is simple but may result in asymmetric spectra, because it would be possible that a given transmission bandwidth is not always fit with an integer number of RBs, due to the support of flexible bandwidth and multiple subcarrier spacings. In addition, the center frequency may be located in an arbitrary position within a RB. To avoid this situation, there will be another approach to align the RB boundary with the center frequency, as illustrated in Fig. 2 (b). So, it is observed that the RB allocation approaches give impact to the system design and further study is needed.
Proposal 2: Further investigate the RB allocation approaches considering impact to the NR system design
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Figure 2: Examples of RB allocation options 
3 Conclusion
We have discussed RB grid for FDM and RB allocation approaches. Our proposals are the following:

Proposal 1: Confirm the working assumption (Alt 1) on RB grid for FDM as the agreement.

Proposal 2: Further investigate the RB allocation approaches considering impact to the NR system design
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