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1	Introduction
RAN4 ad hoc in January 2017 agreed the following proposal in the contribution [5]

Proposal: In order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.

In this contribution we continue studies how better UL coverage could be achieved for CP-OFDM waveform by utilizing two set of in-band emission and EVM requirements for NR UE Tx. 

2	Two sets of UE Tx in-band emissions and EVM requirements
In Figure 1, we present as an example PSD and EVM comparison for CP-OFDM UL, when trying to maximize the output power with clipping techniques, in a coverage limited situation. These initial simulations are done without advanced in-band spectral confinement methods like windowing or filtering. These in-band spectral confinement methods could further improve the in-band emission performance. However, even with these advanced spectral confinement methods the same issue and performance differences will remain even if the absolute PSD and power levels were different. Naturally, in next set of simulations, more advanced spectral confinement methods should also be evaluated. 
Our example simulation results show that the output power for UL CP-OFDM signal could be increased by using simple clipping algorithm when allowing slightly worse in-band emission performance. Some further improvements compared to the presented results could be expected e.g. with better crest factor reduction implementations. In the simulation EVM limit of 15% has been used for QPSK. The 15% EVM limit assumes 2.5% margin to the 17.5% QPSK requirement defined in TS36.101. In the simulations the signal always meets the required EVM limit and thus the corresponding LTE requirement with margin. Fixed channel filter is used to attenuate out-of-band emissions caused by clipping. 
Additional UE Tx power for CP-OFDM signal could be achieved by enabling also higher EVM limit. This is also something that should be investigated for UL coverage limited cases similarly as RAN1 has been looking at low PAPR techniques like rotated modulations (e.g. pi/2-BPSK and pi/4-QPSK) for improving DFT-S-OFDM UL coverage.
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[bookmark: _Ref464812693]Figure 1: CP-OFDM in-band emissions and EVM performance (absolute and relative plots) at maximum achievable UE Tx output power in coverage limited case. The in-band emissions of the unclipped QPSK at 20 dBm output power are similar to DFT-s-OFDM at 23 dBm. Pushing the CP-OFDM output power beyond this will increase the in-band emissions immediately adjacent to the PRB allocation.
In order to allow balancing between in-band emission performance and UE Tx power it would seem attractive to define two set of in-band emission and EVM requirements. For instance, as “default” minimum performance requirement the UE would need to meet the more stringent in-band emission and EVM requirements needed for enabling higher MCS. In practise, this would mean achieving a good spectral efficiency. 
Additionally, more relaxed “coverage limited case” in-band emission and EVM requirements could be defined for the UE to allow the UE to use techniques like clipping to boost its Tx power at cost of degraded signal quality and/or additional unwanted in-band emissions to adjacent resources.  The network would then control when these more relaxed “coverage limited case” requirements can be used by UE for increasing its transmit power. Similarly the network is expected to control when the UE is allowed to move from the baseline CP-OFDM UL transmission to DFT-S-OFDM transmission for enabling higher UE Tx power. In this way the network would be able to better optimize the overall system operations and decide whether to allow the UE to use DFT-S-OFDM or enable more relaxed in-band emission and EVM requirements for UL transmission.  
Proposal 1: RAN4 should study two sets of in-band emissions and EVM requirements for NR UE Tx based on the following assumptions:
a) “Default” UE minimum performance requirements would be defined as more stringent in-band emission and EVM requirements enabling higher MCS and achieving good spectral efficiency.
b) Additional more relaxed “coverage limited case” UE in-band emission and EVM requirements would allow UE to use techniques for higher UE Tx power at cost of worse in-band emission and EVM requirements
c) The usage of the additional more relaxed “coverage limited case” in-band emission and EVM requirements would be controlled by the network.

3	Conclusions
In this contribution, we have continued discussion and analyses for two sets of UE Tx in-band emission and EVM requirements to enable better UL coverage for CP-OFDM waveform. This would reduce the need for changing from CP-OFDM waveform to DFT-S-OFDM waveform for coverage edge UEs and thereby simplifying NR operations in some NR deployment scenarios. Based on the discussion we propose the following further assumptions for RAN4 studies on two sets of in-band emissions and EVM requirements for NR UE Tx. 

Proposal 1: RAN4 should study two sets of in-band emissions and EVM requirements for NR UE Tx based on the following assumptions:
a) “Default” UE minimum performance requirements would be defined as more stringent in-band emission and EVM requirements enabling higher MCS and achieving good spectral efficiency.
b) Additional more relaxed “coverage limited case” UE in-band emission and EVM requirements would allow UE to use techniques for higher UE Tx power at cost of worse in-band emission and EVM requirements
c) The usage of the additional more relaxed “coverage limited case” in-band emission and EVM requirements would be controlled by the network.
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