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1 Introduction

During RAN#82, a WI covering NR unlicensed operation was approved. From a RAN4 perspective, one of the objectives of the WI is to investigate the feasibility of increasing the number of utilized PRBs, and potentially specify a higher spectrum utilization.
This paper reviews the main issues to take into account when evaluating the spectrum utilization requirements, considering how unlicensed operation impacts the considerations.
2 Discussion

The NR spectrum utilization is greater than for LTE. The spectrum utilization was set considering a number of factors, which should also be considered for unlicensed operation.

Unwanted emissions

The NR-U BS or UE must meet requirements on ACLR, in-band emissions and operating band unwanted emissions. For the unlicensed bands, the emissions masks and ACLR are somewhat relaxed compared to licensed operation, and thus the roll-off of the filter/window may be relaxed to some extent. The impact of the emissions mask on filter/window has not as yet been evaluated.
Signal quality and EVM

Digital filtering at the transmitter to meet UEM requirements can cause reduced EVM close to the edge of the carrier due to roll-off and within the carrier due to ripple effects. The EVM requirement for unlicensed operation for LTE is the same as for licensed; assuming that this is also the case for NR then the impact on EVM should be further checked.
During the development of licensed NR, the EVM window was discussed at a later point in time than the spectrum utilization. This was an oversight during the Study Item. Increasing the length of filtering required to achieve a spectrum confinement can in turn reduce the supportable size of the EVM window and hence the robustness towards multipath fading. Of course, for unlicensed operation multipath robustness may not be critical, however it makes sense that EVM window is considered at the same time as PRB utilization due to the link between the two.
Net gain in spectral efficiency

Some evaluations during the Study Item demonstrated that although increasing the number of PRBs clearly increases the use of bandwidth, reduced EVM at the edges of the carrier can reduce the quality of the additional bandwidth, such that the net gain is lower than the bandwidth increase. For unlicensed, the net gain should be considered taking into account net spectral efficiency increase and complexity implications.
Inter-Symbol Interference

In particular for devices, windowing is an important alternative to filtering. Increasing the PRB utilization implies a need for longer windows, which implies both a complexity increase and potentially inter-symbol interference. For unlicensed spectrum, the windowing requirements can differ, and evaluation is needed.
Complexity

When evaluating licensed spectrum utilization, complexity was a key consideration, in particular for the UE. Filtering based solutions are clearly more complex than windowing-based solutions. 
Receiver ACS and narrowband blocking

The spectrum utilization also impacts the dimensioning of the receiver. The receiver must meet the ACS requirement. For unlicensed operation, only the 20MHz interferer is applied; this the PSD is somewhat lower. The narrowband blocking requirement is not applied for unlicensed operation.
Need for switching of filters

It was noted in the licensed evaluation that if filters need to be switched (due to dynamic adaptation of bandwidth or numerology) then the EVM or emissions may be impacted. The impact of filter switching due to adaptation of the transmitted carrier bandwidth due to LBT for NR-U should be considered.
3 Conclusion

This contribution has outlined the areas for consideration when considering the PRB utilization for NR-U. In addition to unwanted emissions, impacts to EVM, ISI, complexity and receiver should be considered. The net gain in utilization should be considered in comparison to the complexity. 
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