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1.
Introduction

Link level simulation results have been presented for DL transmit considering the 15 kHz and 60khz subcarrier spacing [1] in previous meetings. The results suggested that, in 20MHz spectrum, 107-109 PRB utilization optimizes efficiency for the 15khz spacing. For the 60khz spacing, 26 PRB utilization can provide some spectral efficiency boost compared with 25 PRB utilization. At medium to high SINR, 27 PRB utilization can actually reduce spectral efficiency due to the impact of filter induced EVM.  In addition, during the previous meeting it was noted that for the uplink, it is the narrowband blocking requirement that will dimension the spectral containment and achievable utilization [2].
2.
Discussion
The results of link simulation evaluations are shown in this contribution for looking at further details for spectrum utilization. The intention of this contribution is to study the impact on the receiver of the filter needed for supressing a narrowband blocker. The blocker itself is not present in the simulations; the results are only considering the impact of the filter on the spectral efficency of the wanted signal itself.  
Simulations shown below have been performed considering a nominal 20 MHz bandwidth, with link adapation with a maximum modulation order of 256 QAM.  The simulations do not include transmitter filtering or model any of the effects from the transmitter side.  The analysis is done for 100 nanoseconds delay spread.  
In Figure 1, the results show a predictable trend that indicates as the spectrum efficiency and thus the number of PRBs are increase, the gain in throughput is also seen.  
[image: image1.png]Throughput [Mbps]

120

100 -

60 -

40 -

10

20
SNR [dB]

20

40

50




Figure 1: Link Level simulation results for 100 nSec delay spread channel for 60 kHz subcarrier spacing 

In Figure 1 no spectral confinement filter was applied and the results indicate as expected the increase in spectral utilization gives a gain in overall throughput at medium to high SINR.  However, Figure 2 shows throughput when spectral confinement filtering is applied. The term “average filter” refers to a filter with reasonable complexity and robustness. “Long filter” is an excessive amount of filter taps.

The effect of apply a filter show that for the highest spectral utilization (27 PRBs) a long filter must be used to avoid loss in throughput.  The longer filter has a high complexity penalty (complexity reduction techniques are not addressed in this contribution) and is likely to not be as robust for longer delay spread channels.

With an average filter length, there is a negligible difference in throughput between 25 PRBs and 26 PRBs (and a loss for 27 PRBs).  

With a longer filter, the gain from using the highest spectral utilization (27 PRBs) is negligible compared to that of 26 PRBs. The longer filter needed for 26 PRBs is still fewer coefficients required for 27 PRBs.  Additionally, the longer filter may not be robust towards longer delay spreads than the 100ns shown here. 
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Figure 2: Effect of filter on Link Level simulation results for 100 nSec delay spread channel for 60 kHz subcarrier spacing 

In summary results indicate that:

· For low SINR, the resource utilization does not impact the spectral efficiency

· At medium SINR, there is a gain of up to 2% when higher spectrum utilization is applied

· At high SINR >20dB, with an average filter length there is no gain from increasing spectral utilization. However if a long filter would be applied, there can be some gain in spectral efficiency, although this may be at the cost of complexity and may not be robust.As in the downlink case, at higher SINR the filter EVM significantly limits the spectral efficiency when the utilization is 27PRB. The impact is larger than in the downlink TX because the filter attenuation in uplink needed to meet the blocking requirement is greater than in downlink TX.

3.
Conclusions

For setting the uplink spectrum utilization, further consideration of both reciprocal phase noise and filtering impacts are needed.
The analysis in this paper suggests that for a 20MHz carrier, from a filtering point of view the spectral utilization should not exceed 26PRB.  Additionally, if using an reasonable length filter 25 PRB gives the same throughput as that of 26 PRB with less filter complexity.
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