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1 Introduction

In order to set the spectrum utilization requirement, spectrum efficiency should be evaluated. Evaluation of spectral efficiency using link level simulations performing link adaptation enables a decision to be made on a spectrum utilization level that optimizes spectral efficiency, since spectrum efficiency does not correlate directly to spectrum utilization.

At RAN4#82, link level simulations were presented for 15khz and 60khz subcarrier spacing [2]. For 60khz, it was observed that utilizing 26 PRBs appears to optimize spectral efficiency (however in order to set the requirement, more consideration is needed on implementation of windowing and on the impact to BS with multiple transmitters, as discussed in [1].)
For 15khz, clearly increasing the spectrum utilization can increase spectrum efficiency. The simulations presented in [2] were not performed with sufficient granularity to estimate a PRB utilization that optimizes spectral efficiency.
2 Discussion

This paper presents link level simulations with a 15khz subcarrier spacing and nominal 20MHz bandwidth allocation. Channel estimation and link adaptation are enabled; the maximum modulation order is 256QAM. Simulations have been performed in a realistic channel delay spread of 300 nsec and for comparison, a delay spread of 1000nsec. PRB utilization levels of 107, 108, 109 and 110 PRB have been modelled.

The simulations model transmit filtering, and do not model receiver effects.

Figure 1 depicts the simulation results for 300nsec
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Figure 1: Spectral efficiency of 100, 107, 108 & 109 PRB utilization with 300nsec delay spread
The following is observed from the figure:

· For low SINR, 107, 108 & 109 PRB utilization all lead to the same spectral efficiency

· For medium SINR (around 25dB), 108 and 109 PRB utilization yields slightly higher throughput than 107PRB

· For high SINR, 107 PRB utilization maximizes spectral efficiency.

Figure 2 depicts results for 1000nsec.
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Figure 2: Spectral efficiency of 100, 107, 108 & 109 PRB utilization with 1000 nsec delay spread
The following is observed from the figure:

· For low SINR, 107, 108 & 109 PRB utilization

· For medium SINR (around 25dB), 107 and 109 PRB utilization yields slightly higher throughput than 108PRB

· For high SINR, 108 or 109 PRB utilization maximizes spectral efficiency.

3 Conclusion

Considering transmitter filtering impacts, around 107-109 PRB utilization maximizes spectral efficiency. For the uplink, same utilization level also enables windowing implementations, whereas higher utilization levels do not enable windowing, since window lengths would become too long and run over the cyclic prefix.

107-109 PRB allows sufficient room in the spectrum for filtering and any needed implementation margin. Thus for 20MHz, this utilization level appears to be the most suitable choice.
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