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1 Introduction

During the RAN4 AH#3, a discussion on spectrum utilization for mixed numerologies was initiated in [1]. Following the presentation there was some discussion about the motivation and need for introducing a methodology for deciding spectrum utilization for mixed numerologies, and also about whether the intention was to mandate a guard between numerologies on the same carrier. Also, some feedback on the proposed method was mentioned, that it may be possible to further minimize the guard size on at least one size for the smaller numerology.
This document attempts to resolve these issues and progress the discussion.
2 Discussion
2.1 Need for an SU requirement for mixed numerologies.

It has been agreed that no new RF requirements will be introduced for handling FDM mixed numerology transmission. Existing requirements on SEM, EVM, spurious emissions, selectivity etc. will of course continue to apply. The existing requirements need to be defined and understood in the context of an expectation of the guard band size.

Consider the case of a 20MHz carrier. If a 15khz SCS is transmitted on the carrier, then the PRB utilization has been decided to be 106PRB, and the guard band size is 460khz on each side.
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Figure 1: Spectrum utilization with 15k SCS
If instead of a 15khz SCS, a 60khz SCS is transmitted, then the PRB utilization has been decided to be 24 PRB, and the guard band size is 1.36 MHz on each side.
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Figure 2: Spectrum utilization with 60k SCS
(No account of possible reduction in the PRB number due to RB alignment is mentioned here; that is a separate discussion).

Suppose a mixed numerology transmission of 60khz and 15khz SCS is transmitted:
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Figure 3: Spectrum utilization with mixed numerology
The expectation on the guard band on either side of the carrier is not defined or agreed currently. It would be unreasonable to expect the guard band on each side to directly relate to the adjacent numerology for several reasons:
· Since SU is only defined for certain bandwidths, the flexibility to deploy multiple numerology would be restricted to those bandwidths for the component numerologies

· For applying filtering, an even guard band is required for efficiency; applying guard bands dependent on the adjacent numerologies would lead to uneven guard bands

· Furthermore, the flexibility to dynamically adjust the amount of RBs allocated to each numerology would be severely restricted because for each change, a new filter would be needed; this would lead to complexity and transient effects.

2.2 Basic proposal to deal with mixed numerology transmissions

In order to set a spectrum utilization for mixed numerologies , the following was proposed in [1]:

· Set maximum possible utilized spectrum based on the utilization for the highest SCS (from the two SCS that are adjacent to the edge of the carrier)
· Allocation of PRBs with different numerologies within the utilized spectrum is then for gNB implementation

During online and offline discussions, it became apparent that the proposal was understood as implying that the gNB would be mandated to use all PRBs within the carrier, without any possibility to schedule a guard between the numerologies where necessary (such as high SINR, spatial alignment). This is not the intention; the intention is rather to state the bandwidth within which the SEM and selectivity requirements should be met. The gNB would not be mandated to utilize all possible PRBs in the carrier all of the time (similarly, specifying a PRB utilization for single numerology also does not imply that all PRBs must be utilized all of the time during operation).

To be clearer, the mixed numerology requirement could be re-stated as a minimum guard requirement (at the edges of the carrier), e.g.

· Set guard band on either side based on the highest SCS from the two SCS that are next to the edge of the carrier

· Allocation of PRBs with different numerologies within the utilized spectrum is then for gNB implementation

 However, to be consistent with single numerology it may be good to specify the mixed numerology as a method for deriving a transmission bandwidth configuration when multiple numerology is active, noting that in all cases the gNB is not mandated to full up the full amount of PRBs in every TTI.

2.3 Further optimization

A criticism of the method proposed in [1] is that it leaves some potential underutilized guard at the side of the carrier that has the lower SCS; for example the side with 15k SCS in figure 3.

This can arise because the OFDM modulation process itself provides some attenuation which is greater with a lower SCS:
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Figure 5: Different roll-off of different SCS
Thus, if in the example of figure 3 a filter with sufficient attenuation for the 60k SCS in 20MHz is applied, then the attenuation for the 15k SCS may be overdimensioned.
From the implementation perspective, what is important is that the filtering attenuation is equal on either side of the carrier is equal. Since the lower SCS has a larger roll off with frequency, it may be possible to utilize the filter for the higher numerology, but utilize some additional PRBs on the lower numerology side. The expected amount of PRBs available for the lower numerology would need to be investigated and decided for each bandwidth. A major disadvantage is that the additional  PRBs would be located within the filter roll-off, and thus would be received with lower power than the other PRBs; thus they would suffer additional edge EVM.

An alternative would be, rather than selecting the filter used for the highest SCS to rather select the filter used for the lowest SCS. Then one or more PRBs on the higher SCS side would need to be unutilized in order to ensure that the SEM would be met whilst still being able to utilize an optimum filter.
The number of unutilized PRBs for the higher numerology would need to be decided for each bandwidth and each numerology combination in the specification; this would be a table with 3 entries per bandwidth for below 6GHz (one entry for each combination of numerologies on either side of the carrier), for example:

	Bandwidth
	Numerology A
	Numerology B
	Guard next to numerology A
	Guard next to numerology B

	20MHz
	15khz
	60khz
	460khz
	TBC (>460khz)

	
	15khz
	30khz
	460khz
	TBC

	
	30khz
	60khz
	820khz
	TBC

	Another bandwidth…
	15khz
	60khz
	
	

	
	15khz
	30khz
	
	

	
	30khz
	60khz
	
	


Of course, this type of tabulation needs to be 3 times longer than the PRB utilization table and may become long.
3 Conclusion

This contribution has further discussed spectral utilization for mixed numerologies. The motivation for the discussion is outlined; currently the expected spectral utilization is not decided for the mixed numerology case.

The utilization should define the spectrum which is expected to be usable whilst meeting the RAN4 requirements. It should not mandate that all PRBs are used and be free for gNB implementation whether to leave any guard between numerologies.

The most straightforward approach is to assume the spectrum occupany of the largest SCS that is next to the carrier edge. However, alternatives exist that could further increase the utilization.
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