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Introduction 
During the previouse meetings, the topic of spectral utilization and multiple numerologies has been discussed in RAN4. Both transmitter aspect as well as receiver aspects including the receiver reciprocal mixing of phase noise for narrow band blocking was discussed. 
Spectrum utilization is not an end goal in itself; the purpose of considering spectrum utilization is to maximize spectral efficiency. Thus besides the spectrum utilization, considerations on spectrum efficiency impacts of different localization schemes utilization has also been discussed.
Multiple numerology is discussed separately to spectrum utilization. Supporting multiple numerologies may also require some localization, which in order to enable flexibility in allocation of numerologies will need to be windowing. In addition to filtering performance also the need for BS time domain windowing due to needed flexibility was elaborated in [1] and the performance for various utilization scenarios analyzed. Apart from multiple numerology support, windowing provides considerable complexity reductions compared to filtering and thus is important to consider for single carrier too, not least for reasonable terminal implementation.
In this paper, more analysis in relation NR block filter when time domain windowing and its performance when applied per numerology is further elaborated.In particular, if multiple numerology transmissions within the same carrier would be supported, then consideration is needed about the guard sizes and interaction with any block filter used for localization.
Discussion
For below 6GHz, NR should support of sub-carrier spacings of 15 kHz, 30 kHz and 60 kHz for data and the specified SS block transmission sub-carrier spacings of 15 kHz and 30 kHz (band dependent). Which spacings are supported per band remains to be clarified. Also a decision is needed on whether to support flexible multiplexing of numerologies. If flexible multiplexing is supported, the usage could be either in FDM fashion, TDM fashion, or in combination. Additionally the usage can be on a semi-static or dynamic basis. In practice, for BS supporting many UE:s, some sort of dynamic usage might occur.
As stated in [1], applying filtering on individual numerologies would require a change in the filters and their bandwidth, requiring new coefficients (either to be calculated real time or being stored in very large tables) each time the allocation of numerologies would be changed. The transition between de-activation of the “old” filter” and “activation” of the “new” filter with new set of coefficients would result in excessive delay around half a filter length for deactivation and additional half a filter length for activation of the new filter with new coefficients assuming same filter resources should be used. Thus windowing or beamforming should be used for spectral localization between numerologies on the same carrier.
Considering the example of two numerologies as in Figure 1, in addition to time domain windowing per numerology, at the BS an NR block filter would be still needed to ensure that the edge requirements such as spectrum emission mask and narrow-band blocking is properly addressed.
[image: ]
-	Figure 1	Example for two numerologies in a NR block
The example in Figure 1 implies two edge guards. How to set the two guards would require careful consideration considering that:
· If the edge guard on each side would relate to the corresponding numerology, the edge guards would potentially be assymetrical.
· The block filters need to be symmetrical as asymmetrical filters would require complex coefficients which increases the complexity of the filters significantly.
· A symmetrical guard would need to consider the attenuation requirements (e.g. due to modulation spectrum which differs depending on numerology etc) and needed guard considering both edges and to take the worst case
As it was discussed in numerous papers, for single numerology, the guard is not only numerology but also bandwidth dependent. Thus when considering the block edge filter, all possibilities for sub-bandwidths for the different numerologies and their impact on the edge guard need to be taken into account.
Regardless of the chosen solution, we believe that spectrum utilization shall be improved for NR and it can be handled at the BS by a block filter in addition to possible time domain windowing solution.The following analysis cover the block filter performance for a few scenarios and edge guards. The requirement on internumerology guard is elaborated in [2] and not further discussed in this paper. Note that even though the edge requirements such as spectrum emission mask and NB-blocking is the same for both edges, the filter requirements depending on the numerology is different. This analysis considers only a single numerology split; as mentioned above in reality all potential instantaneous numerology splits need to be considered.
It is thus important to consider the implications for multiple numerology scenarios when spectrum utilization for NR is discussed even though, the first RAN4 specifications might/might not support the multiple numerologies on data in the first NR release to ensure no backward compatibility issues when multiple numerologies for data is introduced in later releases.
Block Filtering performance in case of multiple numerologies
The performance of NR block filters for different utilization levels considering edge guard of 15 kHz and 60 kHz in a NR block (20 MHz) was assumed as following:
Table 1	Utilization scenarios for edge guard
	
	15 kHz # PRB:s
	60 kHz SCS # PRB

	Case 1
	110
	27

	Case 2
	109
	26

	Case 3
	108
	26

	Case 4
	108
	25



The block filter performance considering spectrum emission mask for the transmitter is summarized in Table 2. The sampling frequency is assumed to be 30.72 MSPS.
Table 2	Transmit filter performance 
	
	127 taps filter
	251 taps Filter

	
	15 kHz EVM mean [%]
	15 kHz EVM edge     [%]
	60 kHz EVM mean [%]
	60 kHz EVM edge     [%]
	15 kHz EVM mean [%]
	15 kHz EVM edge     [%]
	60 kHz EVM mean [%]
	60 kHz EVM edge     [%]

	Case 1
	1.5
	5.6
	1.4
	4.2
	0.9
	4.8
	0.7
	1.9

	Case 2
	1.0
	4.8
	0.7
	1.9
	0.4
	2.4
	0.3
	0.7

	Case 3
	0.4
	2.4
	0.3
	0.8
	0.3
	1.1
	0.3
	0.8

	Case 4
	0.4
	1.4
	0.2
	0.5
	0.3
	1.1
	0.2
	0.4



As shown in Table 2, depending on the combination and edge guard, the EVM impact is quite significant with corresponding impact on performance even when significantly longer filter is investigated. The results demonstrated here is implying that settling the spectrum utilization would require careful considerations taking to account the cases with different guards when multiple numerologies is concerned.
Conclusion
In this paper, some basic investigation of the performance of the block filter for multiple numerologies was performed for different level of edge guards.
The filter performance results demonstrated in this paper indicate that discussing the spectrum utilization may require careful considerations the complex scenarios with different guards when multiple numerologies is concerned as in some cases there is significant performance impact even with longer filters.
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