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1 Introduction

Most issues relating to NR spectrum utilization for release 15 have now been resolved and captured in the BS and UE technical specifications. One outstanding issue is how the spectrum utilization should be defined in the case of two or more numerologies being transmitted or received within the same channel bandwidth. This contribution proposes to follow the proposals provided (but not extensively discussed) at RAN4#85.
2 Discussion

The gNB may transmit two or more numerologies corresponding to SSB or PDSCH, or even two different PDSCH numerologies to different UEs. The UE may optionally transmit/receive multiple numerologies.

Spectrum utilization has been extensively discussed, and PRB utilization defined for release 15 BS and UE channel bandwidths. Based on the PRB utilization, guard zone sizes were calculated for each channel bandwidth, considering the used PRBs and a half SCS potential offset due to the channel raster. The specifications then state that PRBs that partially (or fully) overlap the guard zones are not used.
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Spectral confinement of the OFDM waveform may be achieved using filtering or windowing. At the UE, windowing is likely to be used. At the BS, due to the need for a larger amount of suppression, filtering is more likely.

When multiple numerologies are transmitted or received within the channel bandwidth, there is a need to decide on the total spectrum utilization. In particular for filtering methods for achieving spectral confinement, it is important to consider the impact of the spectrum utilization on the filter design. An asymmetric filtering requirement on either side of the CBW would necessitate inefficient filter designs. An overly pessimistic spectrum utilization assumption could lead to wasted spectrum.
 [1,2] propose that if multiple numerologies are transmitted, then the guard band on either side of the CBW is defined according to the guard band corresponding to the adjacent SCS and the entire channel BW.
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Since higher SCS have higher GB than lower SCS, this proposal will lead to uneven guard bands on either side of the carrier. However, the increased guard bands for larger SCS arise from the fact that the FFT suppression is reduced for larger SCS, and thus a greater amount of suppression is required to meet the spectrum mask. In principle, the spectrum utilization should be defined such that the filter roll-off requirement for different SCS is comparable (this is not exactly the case in practice). 

In principle, a separate filter could be applied to each numerology. This would not necessarily be useful, however; separation between the numerologies could be achieved by e.g. beamforming, whilst applying separate filters per numerology could restrict the ability of a gNB to dynamically change PRB-numerology allocations, since switching between filters on a rapid basis would risk incurring complexity and also transients.

Assuming that a single block filter is used for the entire carrier, the filter would need to be selected corresponding to the numerology with the widest passband. The numerology with the widest passband would be the lowest subcarrier spacing, since the spectrum utilization is higher with increasing subcarrier spacing. Applying the principle of using the guard corresponding to the adjacent SCS, if the BS would need to be capable of dynamically switching between SCS whilst using the same filter then the passband would need to be wider than strictly necessary for the narrower subcarrier spacing options.
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Since the suppression of the wider SCS would need to take place with a smaller guard (although with a gap between the filter roll-off and the used PRBs), there would be a tightening of the filtering requirement. This tightening would only be needed if the BS would need to be able to dynamically switch numerologies without adjusting the block filter; however, in other cases the uneven guard bands would also prevent optimal filter design.
Observation 1: For applications in which the amount of PRBs allocated to different numerologies are switched on a dynamic basis, applying the principle of edge-numerology related guard bands can increase the complexity of filtering to some extent.

We have analyzed the impact of the filter complexity considering the different scenarios; although there is some risk of an increased complexity if the proposed approach is followed, the complexity increase is not significant. Considering that alternative approaches would by nature lead to degraded spectrum utilization, we agree and propose that taking the guard band of the corresponding numerology on each side of the carrier is an acceptable means to decide the spectrum utilization for mixed numerology operation.
Observation 2: The increase in filtering complexity is not unreasonable and so the approach of edge-numerology related guards can be adopted for deciding the spectrum utilization for multi-numerolgy transmission/reception.
3 Text Proposal
The following text is proposed for 38.817-01:
4.5.x Spectrum utilization when operating multiple numerologies

The flexible NR design enables optional frequency multiplexing of transmissions with different subcarrier spacing within the same carrier. If this is the case, then a spectrum occupancy must be calculated taking into account both numerologies.

In such cases, at each side of the carrier, the guard size is selected corresponding to the numerology operated immediately adjacent to the carrier edge and the bandwidth of the whole carrier. In the example below, if the carrier bandwidth would be e.g. 20MHz, then on the left hand side the guard would be the guard corresponding to 15kHz SCS and 20MHz bandwidth and the guard on the left hand side would be the guard corresponding to 60k SCS and 20MHz bandwidth. The guard sizes would not depend on the proportion of the carrier allocated to each numerology.
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Figure 4.5.x-1 Example of multiple numerology transmission
4 Conclusion

Proposal 1. For multiple numerology operation, the guard on each side of the carrier is the guard that would be applicable if the numerology adjacent to the edge would be transmitted over the whole carrier bandwidth.
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