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1.
Introduction

During last RAN4 meeting in Dubrovnik, simulation results were presented based upon a study on effect of DM-RS patterns on the effect of overall link performance.  The EVM requirement levels for NR FR1 have been chosen to be reused from E-UTRA.  The simulation results presented in [1] showed the impact of different DM-RS patterns compared to a CRS pattern within a fading channel, TDL-A.  It was shown that even with this difference the link performance in NR can be comparable to LTE with the same level of EVM as LTE if a proper DM-RS pattern is chosen.  
In this paper as OTA EVM would need to be tested in an anechoic chamber with no fading, link results for AWGN is presented and a preferred DM-RS patters is proposed.

2.
Discussion

The fading channel simulation results shown in [1] indicated benefit with a higher DM-RS density to give closer estimate to LTE CRS for link performance when channel estimation is needed.  The effect was most noticeable at the higher order of MCS.  For 256 QAM the difference between front loaded DM-RS pattern and front and back loaded DM-RS provided an approximately 2dB higher SINR needed to achieve the same throughput level.  
2.1 EVM Requirement 
For both conducted and OTA EVM requirements the conformance will comprise a test method based on either a cable or an anechoic chamber (i.e. no fading with no added interference or noise) EVM is measured directly. However, a DM-RS pattern will be transmitted and a standardized receiver will be used to mitigate some linear aspects of the EVM. Previous results have shown the achievable throughput in real conditions given SINR values and verified the achievable performance at EVM levels agreed in [2]. 
An investigation of the ability of the receiver to mitigate transmitter distortion under test conditions where there is no fading or added noise is needed, to confirm the applicable DM-RS pattern for the test condition. 
Simulations are performed showing throughput vs SINR in an AWGN channel. Of course the test will measure EVM directly and there will be no interference, hence SINR will be very large. However, as a basis for selecting the DM-RS, deviation of the AWGN throughput curves at high SINR are considered.

The following results for both DM-RS and CRS patterns show little difference between the patterns for 64 QAM and 256 QAM in AWGN channel.  At 64 QAM (black curves) the coding rate of 0.75 was used and an 8% EVM was evaluated, at 256 QAM (blue curves) the coding rate of 0.92 was assumed and 3.5% EVM was evaluated.
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It can be seen in the results above that when the EVM is measured at the transmitter, the same test condition as LTE can be used even though DM-RS is applied rather than CRS.  Our recommendation would thus be to use the densest DM-RS pattern defined by RAN1 considering the conditions for EVM requirements and testing.  
2.2 Single Layer for EVM Considerations
Discussions during RAN4 #84bis lead to a WF which prompted initial discussions on link simulations for studying performance capabilities for >1 MIMO layers.  The EVM levels for FR1 have been reused from E-UTRA and rank 1 link impacts have shown that as long as the DM-RS pattern is tuned to the fading environment, an RF degradation corresponding to 8% EVM is acceptable. 
The limiting factor for throughput is achievable SINR.  When transmitting multi-layers, the receiver SINR per layer will always be lower than the single layer SINR. Where there are multiple layers, cross-layer interference will limit performance and hence, lower transmitter self-interference than applicable for rank1 is not needed.
 As demonstrated in previous studies [3], a UE with multiple receivers and well-known receiver algorithms such as IRC can mitigate BS transmitter self interference (EVM) by using the additional degrees of freedom provided by the spatial diversity.  This is independent of whether one or multiple layers are transmitted.  Previous studies demonstrated that with the EVM levels for different modulation orders, and considering that the multi-antenna receiver the receiver will be able to use degrees of spatial freedom to mitigate transmitter self interference [3]. Thus the previous studies demonstrated that there is no reason to believe that higher numbers of receivers would impact the needed EVM level.
Finally, RAN4 should also consider the complexity to evaluate EVM for higher order layers.  From a simulation perspective non linear noise correlations between layers and appropriate models would need to be agreed upon.  In practice, with reasonable implementations of receiver on the UE side would mitigate the limiting factor of SINR experienced between layers and therefore making studies for multiple layers unnecessary.  
3.
Conclusions

In conclusion, for EVM FR1 requirements it is recommended to select the DM-RS grid providing front and back density (symbol 3 and 11) with RS comb 2 (every second sub carrier).  Additionally, it was described in section 2.2 the need to focus only on single layer performance considerations for EVM.
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