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1 Introduction

During the RAN4 AH on NR we presented some initial link level simulation results relating to transmitter spectrum utilization [1]. This contribution follows up these initial results with further results for 15kHz and 60kHz subcarrier spacings. 
2 15kHz subcarrier spacing
Simulations have been performed with a 20MHz NR carrier and 100, 105 and 110 PRB utilization (chosen to be representative of LTE, medium and very high spectrum utilization levels). For the 110 PRB utilization, two filter lengths are modelled; 251 tap and 401 tap. The longer filter induces less EVM but a greater delay. Link adaptation is enabled in the simulations and thus an MCS viewed as optimal according to CSI reporting is selected. Real channel estimation is operated.

The results are shown in figure 1 and figure 2. Figure 1 depicts absolute throughputs, whereas figure 2 depicts the relative gain in spectral efficiency for 105 and 110 PRB utilization over 100 PRB utilization.

The curves indicate that at low SINR, the gain from additional spectrum utilization is lower than the increase in PRB utilization. This is to be expected, since the link is SINR limited and not bandwidth limited. At medium SINR, the gain rises, whilst at high SINR, for the shorter filter the gain reduces a little due to the EVM incurred by the filter.
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Figure 1: Throughput for 100, 105 and 110 PRB with 15kHz subcarrier spacing (300nsec channel)
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Figure 2: Relative gain of 105 and 110 PRB utilization over 100
To make conclusions from these curves, further considerations is needed as to the underlying EVM and SINR operating range. Clearly gains are obtained, which are SINR dependent. The gain in spectral efficiency from the increase from 95 to 99% utilization in in general a bit lower than the increase in PRBs.
3 60kHz subcarrier spacing
Simulations have been performed with a 20MHz NR carrier and 25, 26 and 27 PRB utilization. Link adaptation is enabled in the simulations and thus an MCS viewed as optimal according to CSI reporting is selected. Real channel estimation is operated. For the 27PRB utilization, the filter length is 570 taps, which is pretty long in terms of delay and complexity.
Three delay spreads have been modelled. With a 300 nsec delay spread, the results are shown in figure 2 and figure 3. Figure 2 shows absolute throughput, whereas figure 3 shows the relative gains in spectral efficiency from 26 and 27 PRB utilization.
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Figure 3: Throughput for 25, 26 and 27PRB utilization with 60kHz subcarrier spacing (300nsec channel)
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Figure 4: Relative gains of 26 and 27 PRB utilization over 25PRB (300nsec delay spread)
For 26 PRB utilization, the gains are as expected. For 27 PRB utilization, the throughput becomes limited for SINR above around 20dB. This is due to the EVM induced in the filter and is predicted in [2]. The relative gains would be impacted if the underlying EVM would be increased, as discussed in [2].

For the 200nsec delay spread, the reduction in throughput for 27PRB becomes less pronounced, as indicated in figures 4 and 5.
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Figure 5: Throughput for 25, 26 and 27PRB utilization with 60kHz subcarrier spacing (200nsec channel)
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Figure 6: Relative gains of 26 and 27 PRB utilization over 25PRB (200nsec delay spread)

For the 75nsec delay spread, the 27PRB performance is better than 200nsec, although at high SINR the gain is still limited by EVM. The gain from 26PRB is consistent for all of the delay spread values.
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Figure 7: Throughput for 25, 26 and 27PRB utilization with 60kHz subcarrier spacing (75nsec channel)
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Figure 8: Relative gains of 26 and 27 PRB utilization over 25PRB (75nsec delay spread)

4 Conclusion

This contribution presents some further TX spectrum utilization results. To make final conclusions, more consideration is needed as to the underlying EVM and SINR operating range. The results confirm the trends seen in [2] that noise impacts the gains at low SINR and filter induced EVM at high SINR.
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