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1.
Introduction

During the previous RAN4 NR AH meeting a discussion regarding EVM requirements. The focus of this contribution is to initiate the discussion on EVM for NR for millimeter wave.  
The NR reference symbol structure would not be similar to that of E-UTRA and therefore considerations at higher frequencies need to be taken into account.  At millimeter wave frequencies degraded phase noise and common phase error (CPE) can affect overall performance more significantly than LTE frequencies.  As such, the impact of reference signals such as DM-RS and Phase Tracking Reference Signal (PT-RS) will have on achievable EVM levels is needed to be investigated.

2.
Discussion
The Phase Tracking Reference Signal (PT-RS) is designed to be used for estimating CPE and compensation.  However, there are ongoing discussions in RAN1 still to propose other uses for PT-RS such as frequency offset compensation or tracking Doppler.  The other aspect to consider is ICI which is caused by phase noise at high carrier frequencies.  Although these aspects which PT-RS or other RS has not been decided by RAN1 as of yet to compensate for compensation for signal quality at higher frequencies, and many of these factors would play a role in determining an EVM requirement.
2.1 Time Density and Frequency Density Patterns
The PT-RS time density is associated with scheduled bandwidth.  The current supported three patterns are for PT-RS every symbol (pattern 1), every other symbol (pattern 2), and every fourth symbol (pattern 4), all three illustrated below.  
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Figure 1
Example PT-RS patterns (green) for DL with time density from left to right (every symbol, every other symbol and every fourth symbol)

The distribution of the RS shown in Figure 1 is related to time density aspects.  A distribution in the frequency domain may also be needed to allow for CPE compensation in fading channels.  The discussion is still ongoing in RAN1 whether to suppose localized PT-RS distribution.  The example pattern difference between distributed and located is shown in Figure 2.
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Figure 2  Example PT-RS patterns for distributed frequency and localized frequency density
 With larger scheduled bandwidths and impacts to phase noise experienced at millimeter wave frequencies the optimization between throughput in the link performance and overhead over the signal becomes a significant one.  The PT-RS pattern varies for different scenarios such as high or low delay spread, multiplexing schemes for MIMO, MU-MIMO etc.  The possible permutations of the different possible PT-RS could be extensive and would make for an extensive study needed for EVM requirement.  Addition to different PT-RS patterns, an EVM requirement is also needed to be considered for the number of bandwidths, supported numerologies, DM-RS patterns, considerations of multiple layers for MIMO and the list could become exhaustive and unfeasible for the time plan for NR in release 15.
3.
Conclusions

EVM for NR would be dependent on DM-RS and PT-RS patterns, currently under discussion in RAN1.  As such detailed study and analysis would need to have the input from decisions on patterns from RAN1.  However, simply considering the number of permutations considerations for supported bandwidths, numerologies, DM-RS patterns etc, should be kept in mind whilst developing the EVM conditions for NR.
More investigations are needed on possible modulation schemes to support the corresponding EVM levels.
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