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1. Introduction
At RAN1#88 meeting, the following was agreed with respect to subcarrier mapping [1]. In the related LS [2], the Alt. 2 was further clarified. This contribution discusses the remaining issues of subcarrier mapping and RB grid.
	Agreements:
· RAN1 will down select between 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



	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
Subcarrier Mapping
For the subcarrier mapping alternatives, the main difference between Alt-1 and Alt-2 is whether to have SCS dependent offset.
In Figure 1 and Figure 2, an example of Alt-1 and Alt-2 is illustrated respectively. When different numerologies are FDMed, the interference may be asymmetric in both edge sides of certain numerology. An example of FDMed numerology with SCS=f and SCS=4f is shown in Figure 3. It is observed that having SCS dependent offset in Alt-2 does not mitigate asymmetric interference compared to Alt-1. However, considering the spectrum emission mask requirement, it is desirable to have symmetric subcarrier mapping as much as possible. Given certain numerology, the subcarrier mapping in Alt-1 may cause more asymmetry due to the un-balanced spectrum in both edge sides of a carrier BW. From this perspective, Alt-2 is slightly preferred. 
Observation 1: In terms of asymmetric inter-numerology interference in FDMed case, there is no significant difference between subcarrier mapping Alt-1 and Alt-2. 

Proposal 1: Support subcarrier mapping Alt-2.
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Figure 1: Example of subcarrier grid Alt-1 
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Figure 2: Example of subcarrier grid Alt-2 
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Figure 3: Example of FDM case in Alt-1 and Alt-2 
RB Grid

Given the fixed RB grid alignment among different numerologies, the absolute RB allocation in the frequency domain should be defined in order to ensure addressing frequency resources. Two alternatives can be considered:

· Alt-1: Align the RB boundary with the edge in one frequency side
· Alt-2: Align the RB boundary with the center frequency
In Alt-1, the RB boundary is aligned with the edge in one frequency side (e.g., lower frequency side as a reference), and an example is illustrated in Figure 4. This is simple but may result in asymmetric spectra, because it would be possible that a given transmission bandwidth does 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, which may complicate the system design when some essential signals/channels are mapped around the center frequency.

In Alt-2, the RB boundary is always aligned with the center frequency, as illustrated in Figure 5. Even though the given transmission bandwidth does not always fit with an integer number of RBs, there are always an even number of full RBs and hence the RB grid itself is symmetric around the center frequency.  Furthermore, the resource mapping of essential signals/channels transmitted in the center frequency is much simpler compared to Alt-1. From these aspects, Alt-2 is preferred.  

In terms of number of full size RBs, it is observed that there could be one RB difference between Alt-1 and Alt-2 (one less) in some cases, e.g., in the case of 2f0 subcarrier spacing in Figures 1 and 2. However, it is expected that the different will be marginal in terms of resource utilization ratio between Alt-1 and Alt-2, and this only happens in some corner cases (depending on the combination of system BW and subcarrier spacing). 

Proposal 2: The RB boundary is always aligned with the center frequency.
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Figure 4: Example of RB allocation Alt-1 
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Figure 5: Example of RB allocation Alt-2 
3. Conclusions
In this contribution, the pros and cons of subcarrier mapping and PRB grid are discussed. The observations and proposals are as follows:
Observation 1: In terms of asymmetric inter-numerology interference in FDMed case, there is no significant difference between subcarrier mapping Alt-1 and Alt-2. 

Proposal 1: Support subcarrier mapping Alt-2. 

Proposal 2: The RB boundary is always aligned with the center frequency.
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