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Discussion and Decision
1
Introduction
The earlier RAN1 agreements on the nested PRB grid for different sub-carrier spacings leaves the exact location of the sub-carriers withing the PRB grid somewhat ambiguous. 
The following agreements and working assumptions were reached in RAN1#86 and RAN1#86bis:

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

2
Discussion
2.1
How to align the PRBs within a carrier
The PRB boundaries could be aligned to one or the other edge of the carrier, to a center carrier, or to some other reference.

Documents submitted to January RAN1 Ad Hoc outlines this problem well [1] and [2] highlighting different alternatives.

[image: image2.png]scs=8fo

SCs=4fo

5Cs=2fo

scs=fo

Center

RB

RB

3

Transmission BW-





Figure 1: Example of RB allocation Alt-1 (Source: Samsung [1])
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Figure 2: Example of RB allocation Alt-2 (Source: Samsung [1]) 
Starting the PRB alignment from the carrier edge would make the two edges look different depending on the bandwidth, and used numerolology, and would require a specific guard band generation mechanism. Aligning starting from the nominal carrier frequency would seem like a more natural choise.

Proposal 1: The PRB edges align starging from the nominal carrier center frequency
2.2
How are the sub-carriers located within a PRB

The agreement of 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” can be understood to mean that the nominal subcarrier center frequencies of different sub-carrier spacing align to the same grid. Intuitively this may sound natural, but it is not obvious that all the ramifications of such an agreement were understood at the time of making it.

Assuming that the center frequency of the sub-carriers align at the  The subcarrier locations within a PRB can be interpreted in several different ways. Figure 3 illustrates how the mapping could go assuming 15 and 60 kHz SCS and alignment starting at left and right PRB edge respectively. Figure 4 shows the same options when the lowest sub-carrier spacing is centered within the PRB.
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Figure 3: 8 different ways to map 15 and 60 kHz SCS PRBs with the PRB edge to tone center alignment, and tone centers of the two SCSs are aligned
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Figure 4: 4 different ways to map 15 and 60 kHz SCS PRBs with the 15 kHz SCS centered within a PRB, and tone centers of the two SCSs are aligned
The approach shown in Figure 4 has its problems, when assuming that the reference numerology is centered within its PRB and left-alignent for the other numerologies. This is shown in figure 5, and a mirror of this would take place if right-alignment was adopter.
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Figure 5: 4 different ways to map 15 and 60 kHz SCS PRBs with the 15 kHz SCS centered within a PRB, and tone centers of the two SCSs are aligned
The most natural approach would be to center the 12 subcarriers of a PRB regardless of numerology as depicted in figure 6. This way the two edges of any PRB, or any carrier look the symmetrical and the inter-numerology as well as OOB emissions are the least dependent on the numerology used to transmit in a given PRB.
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Figure 6: The 12 subcarriers of a PRB are centred withing the PRB, regardless of the sub-carrier spacing.
Proposal 2: The subcarriers are centered within the PRB regardless of the subcarrier spacing

3
Conclusions
In this contribution two proposals are made:
Proposal 1: The PRB edges align starging from the nominal carrier center frequency

Proposal 2: The subcarriers are centered within the PRB regardless of the subcarrier spacing

If proposal 2 is not agreeable, and RAN1 rather wishes to align the nominal center frequenices of the subcarriers on the same frequeny grid regardless of the sub-carrier spacing, the implications to the inter-numerology interference, and more importantly to the out-of-band emissions need to be investigated.
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