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1. Introduction
An objective of the new radio (NR) study item [1] is to identify and develop technology components being able to use any spectrum band ranging at least up to 100 GHz.  In particular [2] proposed that OFDM-based waveforms be used for all frequencies up to 100 GHz but that depending on the exact frequency bands, different variants of OFDM would be used.  The next generation systems above 40 GHz will likely will have to cope with increased path loss, larger arrays, and less efficient RF components like power amplifiers (PAs).  Moreover, above 40 GHz, channels bandwidths can be larger due the potential of contiguous blocks of spectrum.  The combination of these higher frequencies with short wavelengths and large bandwidth will likely be a more noise limited system especially at the cell edge which will drive the need to obtain more power from the PAs.  This contribution will present SINR distributions derived both analytically and from system simulation comparing SNR, SIR and SINR for 28 GHz and 70 GHz [6].  At higher frequencies, the SINR distributions show systems with 2 GHz bandwidths are dominated by noise and, while at lower frequencies, systems with 200 MHz bandwidths are interference limited. As proposed in [2], CP single carrier (CP-SC) is preferred over OFDM for carrier frequencies above 40 GHz predominantly because of its low PAPR properties.  
2 Comparison of SNR, SIR and SINR at 28 GHz and 70 GHz
In [6], an analytical framework for evaluating the coverage and rate performance of mmW cellular networks was proposed. The results were further validated using detailed system simulations.  Presented in Figure 1 and Figure 2 are the SNR, SIR and SINR distributions for a 28 GHz, 200 MHz bandwidth system and  a 72 GHz, 2GHz bandwidth system.  In both cases, the systems were configured in a 4 sector deployment for UMi type deployment with Inter-Site Distance (ISD) spacing’s of 75m and 150m.   Both frequencies have equivalent total PA power with the higher bandwidth system thus having a lower power spectral density.  Furthermore both frequencies have two 4x4 antenna arrays per sector with 4x4 array per polarization.  As a result, the physical array size at 72 GHz will be less than ¼ the size of the array at 28 GHz.
From Figure 2 it can be observed that both the system-level simulations and the analysis show that the high bandwidth network is pre-dominantly noise-limited.   We see that in ultra-dense deployments, with ISD (λ) = 150m, the gap between the SINR and SNR distribution is small.  Further densifying the network to an ISD (λ) = 75m improves the overall SINR coverage as the reduced pathloss helps overcome the noise.  This suggests that power boosting at the cell-edge can improve performance significantly.  Low PAPR waveforms that allow the greater power at lower constellations can provide a measurable improvement in cell edge performance.   Conversely, Figure 1 for a moderate bandwidth system at 28 GHz does not improve the SINR as much with the cell densification, from ISD (λ) = 150m to ISD (λ) = 75m, suggesting that power boosting for cell edge users in this case would not see as a great a benefit.  This is because the higher power spectral density n make the system interference limited rather than noise limited.  The difference may prove even greater if a similar physical antenna size were used at 72 GHz, as at 28 GHz, allowing for more elements and potentially further reducing the impact of interference.
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Figure 1 Interference-limited behaviour at 28 GHz with 200 MHz BW
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Figure 2 Noise-limited behaviour at 72 GHz with 2 GHz BW
3 System Level Benefits of Power Boosting with Low PAPR Waveforms
With low PAPR waveforms, the power amplifier back-off can be reduced.  Taking the original back-off value as the baseline, reducing the PA back-off is then conceptually equivalent to power boosting.  To evaluate the system benefits of power boosting, we consider the 72 GHz mmWave system and deployment scenarios described in [8].  A null cyclic prefix single carrier system was assumed with the power boosting values in the following table (where the power boosting value means the UE transmit power is determined to be the power corresponding to the baseline back-off value required for OFDM plus the boosting value in the table).  These power boosting values were picked based on the PAPR plots shown in [9].
	Modulation 
	Power Boosting Value

	BPSK
	3.87 dB

	QPSK
	1.92 dB

	16 QAM
	0.41 dB

	64 QAM
	None


The mean and cell edge throughputs for 4 different mmWave deployments (labelled AP1, AP2, AP3, and AP4) are shown in Figure 3 and Figure 4 respectively.  See [8] for a detailed description of the system and the scenarios.  As can be seen, significant improvements in both mean and cell edge throughputs can be achieved with the power boosting that can be performed with a low PAPR waveform.  As verified by the analysis of the previous section, these gains are the direct result of the system deployments being largely noise limited.  
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Figure 3 Mean UE Throughput with and without Power Boosting 
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Figure 4 Cell Edge Throughput with and without Power Boosting 
4 Conclusion
This contribution has presented SINR distributions derived both analytically and from system simulation comparing SNR, SIR and SINR for 28 GHz and 70 GHz [6]. The SINR distributions show that higher frequencies, with 2 GHz bandwidths, are dominated by noise and lower frequencies, with 200 MHz bandwidths, are interference limited.  We also showed system level simulations based on the 72 GHz null cyclic prefix system and deployment scenarios described in [8].  These system simulations showed that significant gains can be achieved in both the mean user and cell edge throughputs.  As proposed in [2], CP single carrier (CP-SC) is preferred over OFDM for carrier frequencies above 40 GHz predominantly because of its low PAPR properties allowing for boosting the signal at cell edge to further overcome the ambient noise with little impact on the interference. 
Proposal 1: Adopt null cyclic prefix single carrier modulation or its variants for both the downlink and uplink for carrier frequencies above 40 GHz.
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