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1 Introduction

During RAN4#81, a discussion took place on spectrum utilization and a number of issues for study were identified in a Way Forward document [1]. One of the aspects to consider is that filtering can lead to an increase in EVM; in particular the EVM in the additional utilized resource blocks is significantly increased, whilst average EVM increases to a small extent. Windowing is not likely to achieve such a high spectrum utilization, but does not cause an EVM increase.
This contribution considers the impact of transmitter EVM and PSD on the system benefits from increasing the spectral utilization. Other impacts, such as phase noise, ISI, PA behavior, HARQ and link adaptation etc. are not considered in this contribution in order to discuss the rate limits arising from EVM and PSD in particular. The paper is focused on SINR and rate calculations in order to investigate the maximum potential gains considering different levels of spectral utilization without considering other link level issues such as channel estimation etc. A companion paper [2] presents link level simulation results.
2 Link throughput gain
This section considers potential link level throughput gains. For the 15kHz numerology, three levels of spectral utilization are considered as examples; 90% (baseline; 100 PRBs in 20MHz; same as LTE today), 95% (105PRB utilization in 20MHz; as an example of an achievable utilization with windowing at least for 15kHz subcarrier spacing) and 99% (110PRB utilization in 20MHz; Maximum possible utilization using filtering). For the 60KHz subcarrier spacing, 90%, 93.2% (26 PRB utilization in 20MHz) and 97.2% (27 PRB utilization) are considered.
2.1 Throughput impacts of increasing spectral utilization
The theoretical link throughput gain from applying 95% and 99% (93/97 for 60kHz spacing) spectral utilization to a 20MHz NR carrier (compared to 90% utilization) is depicted in figures 1 and 2. Ideal channel estimation is assumed, no ISI is modelled and the gain is calculated based on a Shannon SNR to rate transformation. It is assumed that the noise is AWGN, the transmitter power is the same in both cases and the EVM for the 95 and 99% utilization is as depicted in table 1. No other sources of EVM than the filter are taken into account.
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Figure 1: Gain of 95% & 99% utilization (15kHz spacing) or 93/97% (60kHz spacing) compared to 90% utilization for 60kHz (right) and 15kHz (right) subcarrier spacing
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Figure 2: Additional gain from 97%/99% utilization compared to 93%/95% utilization for 60kHz (left) and 15kHz (right) subcarrier spacing
	
	95% utilization (windowing) 15kHz
93% utilization (windowing) 60kHz
	99% utilization (filtering) 15kHz
97% utilization (filtering) 60Khz

	15kHz subcarrier spacing
	0.5%
	0.85%

	60kHz subcarrier spacing
	0.5%
	1.6%


Table 1: Average EVM dependent on subcarrier spacing and filtering approach
At very low SINR, the figures indicate only a small gain in theoretical throughput for both the 93%/95% and 97%/99% spectral utilization. This is explained by the fact that at low SINR, the link is SINR limited rather than bandwidth limited. Increasing the number of utilized RBs decreases the available PSD, which counteracts the gains from the increased bandwidth utilization.

At high SINR, the EVM counteracts the gains from the increased bandwidth. In particular for greater than ~35dB dB, it is noticeable that the maximum theoretical throughput is in fact greater when the utilization is 93/95% than 97/99% (due to the EVM difference).

At intermediate SINRs, the gains are larger and increase with spectral utilization.

Observation 1: The maximum theoretical gain from increasing spectral utilization depends on the SINR operating point.
In any real system, there will of course be other sources of EVM than just those arising from the filtering. For operating 256QAM, an EVM of around 3.5% is required for E-UTRA. Figures 3-4 show the performance benefit of 93%/95% compared to 97%/99% utilization when the underlying EVM from other sources is 3.5%. For low SINR, again the increased utilization does not seem to translate directly to throughput increases due to the decrease in available PSD. At higher SINR, the throughput increase is somewhat compromised for the 60kHz subcarrier spacing.
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Figure 3: Gain of 93%/95% & 97%/99% utilization compared to 90% utilization for 60kHz (right) and 15kHz (right) subcarrier spacing with 3.5% underlying EVM
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Figure 4: Additional gain from 97%/99% utilization compared to 93%/95% utilization for 60kHz (left) and 15kHz (right) subcarrier spacing with 3.5% underlying EVM
Figures 5-6 indicate the gain in throughput arising from the increase in utilization in the case that, as 5G evolves, the underlying EVM further improves to 2.5% (due to, for example spatial/beamforming effects and EVM) and higher order modulations become possible. As might be expected, the results are more impacted by the EVM effects than with 3.5% underlying EVM, but less so than with 0% EVM.
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Figure 5: Gain of 93%/95% & 97%/99% utilization compared to 90% utilization for 60kHz (right) and 15kHz (right) subcarrier spacing with 2.5% underlying EVM
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Figure 6: Additional gain from 97%/99% utilization compared to 93%/95% utilization for 60kHz (left) and 15kHz (right) subcarrier spacing with 2.5% underlying EVM
Observation 2: The bandwidth utilization does not seem to make a large difference at low SINR. 
Observation 3: The gain of increased bandwidth utilization at high SINR will depend on the underlying EVM of the system (and the supported MCS set)
3 Conclusion

This contribution considers, from a simplified analytical and partially theoretical background the gains from a range of increased spectral utilization on the transmitter side. The analysis suggests a clear gain from increasing spectral utilization, as might be expected, but gain at link level is likely to depend on the SINR operating point of the scheduled user. At SINR below 20dB, the gains appear to decrease as the link becomes more SINR than bandwidth limited. At very high SINR, the gains of 110PRB over 105 (or 27 over 26) start to become limited by the filter EVM, depending on the underlying EVM level.
These results are only intended for discussing trends. In order to finally decide on the spectrum utilization point, the real SINR operating range and underlying EVM that can be achieved whilst simultaneously achieving all other requirements should be considered, in addition to some other factors including phase noise impacts, applicability of different filtering and windowing approaches, flexibility, compatibility etc. to reach a final conclusion.

Furthermore, consideration of the receiver performance including the impact to ACS and blocking should be considered in more detail.
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