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Introduction
A part of agreements on frequency domain NR frame structure in RAN1#86bis meeting is as follows [1]:
	Agreements:
· The number of subcarriers per PRB is 12
Working assumption:
· Adopt RB grid for FDM as it was agreed in TDM



The agreements are the definition of PRB in the frequency domain and relative PRB grid location across different numerologies. In this contribution, a remaining PRB design issue of how to define absolute RB grid location per numerology within a given system bandwidth is discussed.

Discussion
In the design of the absolute RB grid location for each numerology, preserving the nested structure across different RB grids should be taken into account. Therefore a reference frequency location from which the RB assignment is getting started which is common to all subcarrier spacings may be needed. Two alternatives can be considered.
· Alt. 1: The reference frequency is at around one side of the edge of system bandwidth
· Alt. 2: The reference frequency is the center of system bandwidth
Fig. 1 and Fig. 2 illustrate examples of Alt. 1 and Alt. 2, respectively, with four different numerologies with subcarrier spacing of f-1=1/2*f0, f0, f1=2*f0, and f2=4*f0. In both figures, fractional RBs were defined when needed at around the edge of the system bandwidth. Allowing the use of fractional RB will provide better spectrum utilization at the price of increased specification complexity. In this case, an advantage of Alt. 1 is that the number of fractional RBs can be minimized.



[bookmark: _Ref466015269]Fig. 1. Reference frequency at around an edge (Alt. 1)
[bookmark: _GoBack]However, there are two problems in Alt. 1. One is that for some subcarrier spacings, the PRB grid is not symmetric with respect to the center frequency (e.g., f2 in Fig. 1). This is obviously not desirable in designing broadcast signals and channels occupying center frequency ranges. Even for the numerologies having the symmetry, there are two different PRB mappings at around the center, i.e., the center frequency is located either between two PRBs (f-1 and f0 in Fig. 1) or within one PRB (f1 in Fig. 1). Having both of these two cases also increases the specification and implementation complexity. The second problem is that from our understanding whether it is possible or not to apply the same spectrum mask to all numerologies is not known in RAN1 yet. If different guard band ratio is defined for different subcarrier spacing, additional treatment is required at around the reference frequency point to obtain the best resource utilization, which may detract the merit of Alt. 1.



[bookmark: _Ref466015284]Fig. 2. Reference frequency at the center (Alt. 2)
In contrast, Alt. 2 always guarantees the symmetry in the PRB grid structure and thus results in even number of PRBs, which can resolve the problems stated in Alt. 1. Even if different guard band is applied to different subcarrier spacing, it is much easier to be handled while maintaining the nested structure as shown in Fig. 2(b).
Observation 1: The PRB grid of each numerology should be symmetric with respect to the network center at least in the middle of the system bandwidth to avoid unnecessary complexity in the design of broadcast signals and channels.
Proposal 1: The PRB arrangement starts at the center of the system bandwidth and goes toward upper and lower frequency directions as shown in Fig. 2.
Proposal 2: Prefer to support fractional RB in NR specification at least for higher spectrum utilization at the edge of the system bandwidth.

Conclusion
In this contribution, we discussed remaining issues on the frequency domain NR frame structure related to the PRB design. Our observations and proposals include:
Observation 1: The PRB grid of each numerology should be symmetric with respect to the network center at least in the middle of the system bandwidth to avoid unnecessary complexity in the design of broadcast signals and channels.
Proposal 1: The PRB arrangement starts at the center of the system bandwidth and goes toward upper and lower frequency directions as shown in Fig. 2.
Proposal 2: Prefer to support fractional RB in NR specification at least for higher spectrum utilization at the edge of the system bandwidth.
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