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1 Introduction

During previous RAN4 meetings, the topic of spectral utilization for NR has been discussed. For NR, the localization provided by the filtering or windowing would be increased, and it has been agreed to increase the spectral utilization to greater than 90%. Of course, increasing the roll-off of filtering or windowing does not come without a cost, and there may be an increase in EVM or complexity (relative to the complexity required for 90%). 

Increasing the amount of used PRBs translates into an increase in available user throughputs, which may differ depending on the SINR operating point, assumed MCS, filtering etc. [1] considers the potential limitations and tradeoffs between increasing used PRBs and throughput increase.

This document provides preliminary link level simulation results in order to provide further insight into the relationship between PRB utilization and throughput increase. This is important to ensure that performance is optimized whilst balancing all considerations. 
2 Discussion

Link level simulations have been performed based on a 20MHz NR carrier and considering 15kHz subcarrier spacing. Four types of filtering have been considered which result in PRB utilization as outlined in table 1. In cases 2-4, regardless of the PRB utilization and subcarrier spacing, the existing LTE SEM requirements are met at the 20MHz boundary.
	Filter type
	Number of used PRB
	Filter length

	Filter 100/A
	100
	· (No filter)

	Filter 105/A
	105
	80

	Filter 110/A
	110
	251

	Filter 110/B
	110
	401


Table 1: Considered filtering conditions
Realistic channel estimation is included in the simulations. Fading channels with 300 and 1000 nssec delay spread are modelled. The basic waveform is CP-OFDM. Two types of DM-RS spacing in the frequency domain are considered; every 4th subcarrier and a more dense pattern with every second subcarrier. Link adaptation is enabled such that the user throughput achieved at a wide variety of SINR can be established. The maximum modulation order is 256QAM.
Link level simulation results for the 300 nsec channel with a DM-RS spacing of every 4th subcarrier are indicated in figure 1.
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Figure 1: Link level throughput, 300nsec channel, DMRS density 1/4
Figure 2 depicts the relative throughput of 95% and 99% utilization to 90% utilization. At this stage, it is not clear why the curves are not very even; quite possibly it may be due to insufficient simulation run time prior to the submission deadline, although there may be some more complex interactions influencing the result.

Nonetheless, observing the curves some observations are made about general trends. For up to 20dB SINR, the gains of additional PRB utilization are somewhat reduced. This is as a result of the link being more SINR limited than bandwidth limited. For higher SINR, the 105-A filter reaches the expected 5% gain. The 110-A filter does not reach 10% gain. This is due to the impact of the filter EVM. The longer, 110-B filter with very long filter length reaches 8- 10% gain.
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Figure 2: Relative link level throughput to 90% utilization, 300 nsec channel, 1/4 DMRS density
The reduction in gain at high SINR, in particular for the 110-B filter can be mitigated by placing reference symbols more densely. This of course increases the overhead slightly as well as the complexity of the channel estimation. Figure 3 depicts the throughput performance where the DM-RS is increased to each 2nd subcarrier for the increased utilization to mitigate the filter EVM. Figure 4 depicts the relative throughputs when using 95% and 99% utilization compared to 90%.
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Figure 3: Link level throughput, 300nsec channel, DMRS density 1/2
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Figure 4: Relative link level throughput to 90% utilization, 300 nsec channel, 1/2 DMRS density
In this case, the gain is around 1-4%, depending on whether the utilization is 105 or 110. However in general the gain reduces due to the fact that the additional overhead of the DM-RS does not bring any benefit.

Further results are indicated in figure 5 for a 1000 nsec channel with DM-RS every 4th subcarrier. In this case, there appears to be a slight reduction in the throughput at high SINR operating point. This is likely to be due to the assumed channel estimation in this region and should be investigated further.
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Figure 5: Link level throughput, 1000nsec channel, DMRS density 1/4
Figure 6 depicts the relative throughput of 95% and 99% utilization to 90%. Again the uneven curve needs further investigation, and may result from insufficient simulation time. The general trend is that the relative gains increase with SINR for SINR up to 20dB, and then decrease. Further investigation of the decrease in the high SINR region is needed.
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Figure 6: Relative link level throughput to 90% utilization, 1000 nsec channel, 1/4 DMRS density
Again, reference symbols can be placed more densely in order to mitigate the filter EVM. In this case, 1/2 density is also helpful for the 90% case, as also in that case throughput is impaired at high SINR with 1/4. Results with reference symbols every second subcarrier are shown in figure 7 and figure 8. In general, the absolute throughput is much higher in this case for all utilization levels. At high SINR, the gain or 95 and 99% is higher than with 2 DMRS as the EVM is resolved, however at lower SINR the gain reduces.
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Figure 7: Link level throughput, 1000nsec channel, DMRS density 1/2
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Figure 8: Relative link level throughput to 90% utilization, 1000 nsec channel, 1/2 DMRS density
3 Conclusion

This paper provides an preliminary examination of the potential for increasing user throughput by means of increasing PRB utilization. We encourage further more detailed investigation. The general trend is that the gain does not scale proportionally to the additional PRBs for SINR below 20dB. For SINR above 20dB, the gain of the 105 PRB filter is maintained, but that of the 110PRB filter reduces if the filter length is 251 or the delay spread is large. The reduction is not observed with a very long filter. The size of the reduction will depend on the size of other sources of EVM in the transmitter; thus further investigation and consideration of the impacts at high SINR need some conclusion on the expected SINR range, MCS coverage and underlying EVM.
For the transmitter, in order to decide on a spectrum utilization level consideration is needed on the SINR operating range to assume, the level of underlying EVM that should be considered when deciding on the spectrum confinement level, complexity, phase noise and frequency accuracy impacts on performance. 
In addition to this, evaluation of the needed attenuation and tolerable distortion for the receiver filter is required, considering that the receiver is likely to need to achieve greater attenuation in order to meet the blocking requirements.
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