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1 Introduction

During RAN4#84bis, it was agreed that no RF requirements are needed for either the UE or the BS in order to support multiple numerology transmission on data and SS. This builds upon a previous agreement that no RF requirements are needed for transmission and reception of multiple numerologies on data for the BS, and that the UE does not need to support multiple numerology transmission or reception.
If transmitting multiple numerologies, the BS will still need to meet all unwanted emissions requirements around the carrier. For the 3GPP specification to be complete, it is necessary for the spectral utilization that is expected to be achieved by the specifications whilst meeting unwanted emissions requirements is captured.
2 Discussion

Spectrum Utilization values were agreed in [1] for single carrier operation. In general, when the SCS doubles or quadruples the SU may be reduce by one half/one quarter or more. The reason why the SU may decrease by a larger factor than the SCS is that with wider subcarrier spacing, the roll off of the basic OFDM signal with frequency decreases. This increases the need for filtering/windowing.
If multiple numerologies are transmitted within the bandwidth of a single carrier, then the spectrum utilization is not currently defined. The amount of guard needed at each side of the carrier will depend on the SCS and bandwidths of the component parts.
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Potentially, the guard needed at either side may differ. Unequal guard is undesirable as it would necessitate complex filtering or windowing solutions.

Assuming that the amount and split between different numerologies is left for gNB implementation, then the amount of potential variations of SU is enormous. Thus, an exhaustive listing of spectral utilization for every possible combination of numerologies is not feasible. Instead, a rule is required from which the spectrum utilization can be calculated.

In order to devise such a rule, the following principles are considered. Firstly, it is assumed that the needed guard should be equal at either side of the carrier. Then, considering that the guard in general needs to be slightly larger for larger SCS, the SU should be based on considering the largest SCS. However, if more than two numerologies are transmitted it is possible that the largest SCS may not be at the edge of the carrier. So, an alternative is to consider the largest SCS at the edge of the carrier.
Proposal 1: The spectrum utilization is based upon selecting the largest SCS that is transmitted at the edge of the carrier.

The next consideration is how the spectrum occupancy for the whole carrier should be calculated, and what bandwidth should be assumed for making the calculation. A simple means to achieve this is to consider the total transmission bandwidth that would be allocated assuming the carrier bandwidth and the SCS identified in proposal 1. 

Proposal 2: Consider the spectrum occupancy that would be assumed if the SCS identified in proposal 1 would be transmitted over the whole channel bandwidth.
As an example, in the figure below, two numerologies, 15kHz and 60kHz are transmitted within a 40MHz bandwidth. According to proposal 1, the 60khz SCS is selected in order to determine the spectrum occupancy. The full 40MHz bandwidth is considered; for the 60kHz SCS, the transmission bandwidth configuration would be 51PRBs. This equates to 18.36MHz. The percentage spectral utilization is 91.8.

[image: image2]
Having identified a spectrum occupancy, the specific combination of numerologies and PRBs within the identified occupancy should be left for gNB implementation. The allocation of resource blocks, numerologies and spectral utilization may be recalculated from sub-frame to sub-frame.
An example of how the gNB might allocate spectrum is as follows: Suppose that the BS decides to allocate 75% of the bandwidth to a user on 15khz and 25% to a user on 60khz. Then the PRBs could be allocated as follows. 

For the 60khz SCS:

[image: image3.emf]ቔ 40 𝑀𝐻𝑧 ∗ 25% ∗ 91 . 8% 60 𝑘 ℎ 𝑧 ∗ 12 ൗ ቕ = 12  


For the 15khz SCS:

[image: image4.emf]ቔ 40 𝑀𝐻𝑧 ∗ 75% ∗ 91 . 8% 15 𝑘 ℎ 𝑧 ∗ 12 ൗ ቕ = 153  


A smart gNB might realize that it could in fact even allocate 154 PRBs to the 15kHz user in this example, since the 60khz user would not utilize all available subcarriers.
Proposal 3: The total spectrum occupancy identified in proposal 2 is the spectrum occupancy that should be achieved whilst fulfilling unwanted emissions, EVM etc. requirements. How to allocate numerologies and PRBs within the identified occupancy should be left for gNB implementation.
3 Conclusion

The following steps are proposed for identifying the expected spectrum occupancy when the BS transmits multiple numerologies:
Proposal 1: The spectrum occupancy is based upon selecting the largest SCS that is transmitted at the edge of the carrier.

Proposal 2: Consider the spectrum occupancy that would be assumed if the SCS identified in proposal 1 would be transmitted over the whole channel bandwidth.
Proposal 3: The total spectrum occupancy identified in proposal 2 is the spectrum occupancy that should be achieved whilst fulfilling unwanted emissions, EVM etc. requirements. How to allocate numerologies and PRBs within the identified occupancy should be left for gNB implementation.
4 References

[1] Samsung, “Way forward on spectrum utilization”, R4-1708852, RAN4#84, August 2017

1/3


[image: image1][image: image5.png]60k Subcarrier Spacing

15k Subcarrier Spacing

10MHz

>«

30MHz

Allocated bandwidth = 40MHz




