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Introduction
In RAN1#86 it was agreed that when multiple numerologies are time-domain multiplexed in one carrier, the RBs for different numerologies are located on a fixed grid relative to each other. For a subcarrier spacing of 2m*15 kHz, the RB grids are defined as the subset / superset of the RB grid for subcarrier spacing of 15 kHz in a nested manner in the frequency domain. The case of frequency-domain multiplexing was left FFS. Two possible alternatives were identified,
· (Alt 1) Adopt the RB grid for FDM as it was agreed for TDM, or
· (Alt 2) Use the RB grid corresponding to the reference numerology for FDM, apply the same grid to TDM.
Note that (Alt 2) would also imply re-visiting the agreement for the case of TDM. In this contribution we provide our views on PRB alignment to support different NR numerologies for the FDM case.

Discussion
Coexistence and co-deployment with LTE is a primary design objective for NR. Several agreements have already been made during the NR study item in order to ensure alignment of the NR numerology to that of LTE.
In RAN1#85, a scalable numerology for NR with subcarrier spacing fSC=15*2m kHz was agreed. NR scalable numerology explicitly supports a 15 kHz mode for CP-OFDM. Furthermore, it was agreed that for m=0, i.e. 15 kHz mode, the OFDM symbol boundaries are aligned with the LTE symbol boundaries assuming normal CP. In RAN1#86 it was also agreed that the subframe duration for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms. A working assumption was taken in RAN1#86 that symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier.
NR supports the possibility of multiplexing different numerologies within the NR carrier bandwidth at least from the network perspective. In RAN1#85 it was agreed that both FDM and/or TDM multiplexing is considered. For the case of TDM, the RAN1#86 agreement to define the RB grids in a nested manner relative to each other and when compared to the 15 kHz numerology case is shown as example in Figure 1.

[image: ]
Figure 1: RB alignment for different NR numerologies
Independent from the RAN1#86 agreement, it is in principle possible to consider two different approaches when multiple NR numerology regions are concurrently supported, either the PRB boundaries among different multiplexed NR numerologies are boundary aligned, or they are deliberately mis-aligned. The latter case notably includes the possibility of RRC configured numerology regions.
It is clear that when using boundary-aligned PRB definitions for different NR numerologies, it is one immediate consequence that the center frequency of a given numerology can be fixed. RF design is simplified in a very non-negligible manner. On the receiver side, it may even be possible to share parts of the A/D low-level front-end processing, i.e. the FFT engine when multiple numerology regions are concurrently being processed. It is important to consider that even in the case where implementation based windowing/filtering is done on parts of the CP-OFDM waveform for purpose of spectral containment, several subcarriers might still be needed as guard tones at the edges of a given NR resource allocation of a given OFDM numerology. Such guard tones may be created through puncturing and rate-matching.
The use of deliberately mis-aligned RB boundary regions for the different NR numerologies would nominally allow to configure the required frequency-domain guard region between different concurrent NR numerology regions by means of a deliberately introduced center frequency offset with much more flexibility. However, configurability of the center frequency offset for different NR numerology reasons would still be subject to several practical constraints. For example, alignment with the 100 kHz carrier grid is still required. In addition, only a small set of possible configurable offsets is desirable to keep UE complexity low while a large number of possible offset combinations of multiplexed NR numerologies satisfying spectral containment constraints is desirable to preserve multiplexing flexibility from the network side. It may be argued that these could be progressibely introduced on a per-need basis, i.e. similar to LTE carrier aggregation combinations. We think however that the associated RAN4 testing effort and potentially large number of resulting combinations will outweight any immediate short-term benefit from such an approach in the long term.
In consequence, we think that the boundary-aligned nested PRB structure when supporting multiple NR numerologies is a good choice also for the FDM case. Designated 15 kHz NR RBGs containing an arbitrary number of PRBs can be aligned with those of 15 kHz neighbor eNBs. Besides the above mentioned advantages in terms of receiver implementation, it will also be simpler to achieve intra- and inter-frequency interference coordination across NR/LTE cells.

Proposal 1:
The RB grid for FDM when multiplexing different NR numerologies is fixed in time (i.e. adopt (Alt 1) where the RB grid adopted for the TDM case is also used for the FDM case).
Conclusion
In this contribution we provide our views on PRB alignment to support different NR numerologies for the FDM case. In summary we propose,
Proposal 1:
The RB grid for FDM when multiplexing different NR numerologies is fixed in time (i.e. adopt (Alt 1) where the RB grid adopted for the TDM case is also used for the FDM case).
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