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Introduction
In RAN1 #86 and #86bis meetings, as the basic frequency domain frame structure for NR, the PRB size and the relative PRB grid location were defined as the followings [1, 2]:
	Agreements from RAN1 #86:
· 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
· 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
Agreements from RAN1 #86bis:
· The number of subcarriers per PRB is 12
Working assumption from RAN1 #86bis:
· Adopt RB grid for FDM as it was agreed in TDM



In this contribution, we show our view on 1) PRB location of each numerology in the carrier bandwidth and 2) center frequency location of a NR carrier.

Discussion
[PRB allocation]
To allocate PRBs under the agreed nested structure across different subcarrier spacings, a reference frequency from which the PRBs of each numerology are started to be stacked/allocated may be needed. There are two possibilities to the position of the reference frequency.
· Option 1: The reference frequency is at around one side of the edge of system bandwidth
· Option 2: The reference frequency is the center of system bandwidth
Fig. 1 and Fig. 2 illustrate examples of Option 1 and Option 2, respectively, with four different numerologies with subcarrier spacing Δf-1=1/2*Δf0, Δf0, Δf1=2*Δf0, and Δf2=4*Δf0.
As shown in Fig. 1, Option 1 is simple but its main problem is that the carrier center can be located on arbitrary position within a PRB. Therefore in some cases (e.g., Δf2 in Fig. 1), the PRBs are not symmetric with respect to the center frequency. This may complicate the design of broadcast signals and channels around the carrier center or indication of the carrier center to UE. Even for the symmetric PRB case, there are two different symmetry, i.e., the center frequency is located either between two PRBs (Δf-1 and Δf0 in Fig. 1) or at the center of a PRB (Δf1 in Fig. 1). We have learned from LTE that having the both cases is not desirable with respect to specification and implementation complexity. Another problem of Option 1 from our understanding is that whether the spectrum mask of each numerology is the same or not is not determined yet. If different guard band ratio is defined for different subcarrier spacing, additional PRB assignment (e.g., fractional PRBs) may be needed around the reference frequency not to lose spectrum efficiency, which may detract the merit of Option 1.



[bookmark: _Ref466015269]Fig. 1. Reference frequency at around an edge (Option 1)



[bookmark: _Ref466015284]Fig. 2. Reference frequency at the center (Option 2)
In contrast, Option 2 guarantees symmetric and even number of PRBs for all subcarrier spacings, from which the specification workload may be significantly reduced. Even if guard band in the spectrum edge is defined per numerology, no additional treatment is required in Option 2. To maximize the spectrum efficiency when subcarrier spacing is large compared to the carrier bandwidth, fractional PRB can be used at the spectrum edge.
Observation 1: Symmetric allocation of PRBs with respect to the carrier center frequency avoids unnecessary complexity in the design of signals and channels around the carrier center or indication of the carrier center to UE.
Proposal 1: The PRB allocation begins at the center of the system bandwidth and goes toward upper and lower frequency directions as shown in Fig. 2.

[Center frequency of a carrier]
There are two options for the center frequency location of a NR carrier as described in [3]. The carrier center can be located at one subcarrier like LTE DL (Option A) or located between two adjacent subcarriers like LTE UL (Option B). The two options are illustrated in Fig. 3. One important design consideration is that NR should allow efficient coexistence with in-band NB-IoT carrier(s). If NR reuses the LTE 100kHz carrier raster, then Option B does not preserve the orthogonality between NR subcarriers and NB-IoT subcarriers in DL due to 7.5kHz shift in NR relative to the LTE DL carrier. This mandates the use of guard tones around the NB-IoT carriers, which was the major concern on the new subcarrier spacing proposal with 2N symbols in 1ms in the early stage of the study item. Therefore, it is preferred to adopt Option A in the DL NR. While in UL, two aspects can be considered. One is the coexistence with NB-IoT UL carrier and the other is subcarrier alignment between DL and UL signals for forward compatibility. In our view both scenarios are important and it is preferred for NR to support both Option A and Option B in the UL by network configuration.
Proposal 2: The carrier center is located at one subcarrier in DL, and can be located either at one subcarrier or between two subcarriers in UL by network configuration.



[bookmark: _Ref471685419]Fig. 3. Center frequency location of a NR carrier

Conclusion
In this contribution, we discussed remaining issues on the frequency domain NR frame structure related to the PRB and center frequency location. Our observations and proposals include:
Observation 1: Symmetric allocation of PRBs with respect to the carrier center frequency avoids unnecessary complexity in the design of signals and channels around the carrier center or indication of the carrier center to UE.
[bookmark: _GoBack]Proposal 1: The PRB allocation begins at the center of the system bandwidth and goes toward upper and lower frequency directions as shown in Fig. 2.
Proposal 2: The carrier center is located at one subcarrier in DL, and can be located either at one subcarrier or between two subcarriers in UL by network configuration.
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