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1.
Introduction

During the previous RAN4 NR AH meeting a discussion regarding EVM requirements.  For E-UTRA the CRS providing channel estimations and provided a reference signal for all users within a cell.  For NR no such common signal will exist and the decision has been made within 3GPP to go for user specific DM-RS for estimating the radio channels.
The focus of this contribution is to illustrate the effect of the different DM-RS patterns on EVM for continuing the discussion started in [1].  The remainder of this contribution will focus on FR1 related issues.
2.
Discussion
The following analysis has been done using the scenario with single layer DL transmission in channels with both low and high delay spread over a range of SINR values.  The overall link performance shows the outcome of for balancing between the overhead needed for high DM-RS density and suitable channel estimation.
The comparison in this contribution is with LTE CRS and DM-RS and throughput seen using either RS, but also the EVM experienced by the UE.  One aspect of the reference signals is to aid in channel estimation.  With CRS these signals could provide for interpolation over time to help give a more accurate picture of the channel especially for scenarios such as high Doppler or at low SINR.  
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Figure 1: CRS pattern for DL Single layer
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Figure 2: DM-RS patterns for DL Single Layer Front Loaded and Front and Back Loaded (Pattern 1 and 2) 
Ultimately, EVM requirement is to ensure that the ideal symbols and measured symbols after the equalization is within the minimum limitations to ensure that the ideal symbols to be recovered at the receiver end.  The reference point for EVM is located before the signal enters the channel as shown in the figure below.  The analysis in this contribution will show the effect of using CRS and some DM-RS patterns on link performance.  Since the finalization of the DM-RS pattern has not been reached yet in RAN1, a select few was used.
2.1 Link Performance Evaluation 
The following are performance evaluations by considering the presence of E-UTRA CRS both in time and frequency density.  As in NR no common reference symbols would exist but rather user specific DM-RS and the density of the RS pattern is different than that of CRS.  The following analysis has been done to understand the need to investigate the EVM requirement for NR.    

The simulation results below provide a comparison between two different densities of DM-RS and with LTE CRS.  For accurate EVM measurements a denser grid such as comb 2 with front and back loaded (symbol 3 and 11) would give a closer approximation to measurements done with E-UTRA CRS present.  The simulation results in this section were done with fixed MCS and using a delay spread of 100 Nano seconds.  The code rate assumed for simulations was 0.92 for 256 QAM and 0.75 for 64 QAM.  
In the results using a fixed MCS of 64 QAM it can be observed that the DM-RS density does not provide a large impact, especially at high SNR.  In fact, both front loaded or front and back loaded can be used in place of E-UTRA CRS for channel estimation and also for EVM measurement.  However, for higher modulation at 256 QAM the density of the DM-RS provides an impact on the link when the maximum EVM is present.  In this case, it is evident that the pattern 2, front and back loaded, with having higher density is needed to adequate channel estimation with minimal EVM present.  To maintain the equivalent EVM requirement as today a DM-RS is needed during EVM measurements.  
Considering a scenario in which a user has less than 35 dB SINR, with a delay spread of 100 nsec and 256 QAM DM-RS must be configured to be front and back loaded to ensure comparable performance to LTE.  As the discussion within RAN1 is still underway to finalize the design of DM-RS, and ongoing work to evaluate the default DM-RS pattern.  
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Figure 3: EVM 3.5% for 256 QAM
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Figure 4: EVM 8% for 64 QAM

3.
Conclusions

Due to the time scale of NR WI we urge companies in RAN4 to consider evaluation scenarios using single layer to help make conclusions on an EVM requirement.  The analysis above has shown that using the comb 2, the denser of the two DM-RS patterns, provides an link performance similar to that of E-URTA CRS.  The above simulations have shown that with achievable EVM levels can be met with DM-RS patterns whilst ensuring comparable link performance.
In order to reuse the EVM levels as LTE, it is important to consider what reference signal density should be considered with the absence of CRS.  DM-RS patterns here evaluated here show that the front and back loaded DM-RS using comb 2 is needed.
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