3GPP TSG-RAN WG1#88-BIS
R1-1705946
Spokane, WA, United States, April 3-7, 2017
Agenda item:

8.1.10
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
On the location of subcarriers within the PRB grid
Document for:

Discussion and Decision
1
Introduction
RAN1#88 discussed the possible different interpretations of the location of the subcarrier #0 within a PRB when multiple numerologies are mapped to the same PRB grid and whether the PRB grid is aligned to the nominal carrier center or to the nominal carrier edge.
The following agreements were reached [1]:

Agreements:
· RAN1 will down select between the following alternatives in the next meeting
· Alt.1: Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.

· Alt.2: For a given SCS F0, subcarrier 0 has SCS dependent offset of PRB boundary based on the largest subcarrier spacing supported by the carrier
· Fractional PRB is not supported in Rel. 15
· Inform RAN4 about the current RAN1 discussion on subcarrier mapping within a PRB and ask RAN4 on the impacts (Panasonic)
The related LS [2] added the following mathematical clarification to Alt.2
As requested by RAN1 chairman, the description of Alt.2 is further clarified as follows.

· Alt.2: Assuming the subcarriers in a PRB are numbered from 0 to 11, subcarrier 0 for the largest SCS FM=15kHz x 2M supported by a NR carrier coincides with a subcarrier 2K-1-1 for smaller SCS of FN=FM x 2-K (K=1,2,…).

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.
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Figure 1: Example of RB allocation Alt-1 (Source: Samsung [4])
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Figure 2: Example of RB allocation Alt-2 (Source: Samsung [4]) 
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

When looking at Alternative 1 and 2 as outlined in the LS [2], Alt.1 aligns the left-most #0 of each SCS, whereas Alt.1 aligns the right-most SCS, except the highest SCS is offset by 1 sub-carrier to the left. This is shown in Figures 3 and 4.
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Figure 3: Alt.1 for 3 different sub-carrier spacings
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Figure 4: Alt.2 for 3 different subcarrier spacings
More generally, if adding one higher SCS to Alt.2 it produces a different result to 4xf0, as it always aligns the subcarriers to the right, except the largest SCS. This is shown in Figure 4, and with yet another SCS (corresponding to a range of 15 to 480 kHz) to figure 5.
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Figure 4: Alt.2 for 4 different subcarrier spacings
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Figure 5: Alt.2 for 4 different subcarrier spacings
The practical difference between Alt.1 and Alt.2 is considered to be small. However, with Alt.2 the results for a range of SCS look different depending on what range of numerologies is actually considered. This problem is hardly show-stopping, but as it does add one additional level of ambiguity especially considering possible future extensions to the range of sub-carrier spacings, going with Alt.1 seems clean and future-proof.

Proposal 2: Alternative 1 for sub-carrier placement within PRB is selected: Alt.1: Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0
3
Conclusions
In this contribution two proposals are made:
Proposal 1: The PRB edges align starging from the nominal carrier center frequency
Proposal 2: Alternative 1 for sub-carrier placement within PRB is selected: Alt.1: Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0
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