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Introduction
During previous RAN4 meetings, the re-use of existing requirements as much as possible for NR below 6 GHz has been extensively discussed.
In this paper, we initiate a discussion on EVM for both sub-6 GHz and mm wave. There is a need to consider that the E-UTRA EVM requirement includes a frequency domain equalization and that the NR reference symbol structure would not be identical to E-UTRA. 
In addition, for NR in mm-wave frequency ranges Phase Tracking Reference Symbols (PTRS) and CPE compensation are essential due to due to degraded phase noise. Even with CPE, the same levels of EVM may not be sustaintable. The supported modulation schemes as well as the achievable EVM levels and assumptions for PTRS and CPE compensation need to be further analyzed.
Discussion
For E-UTRA, RAN4 had extensive discussions before the EVM levels as well as conditions was settled. E-UTRA EVM includes a standardized equalization that can compensate some sources of transmitter error. The standardized equalization is based on CRS.




For NR no common reference symbols would exist; instead user specific DM-RS will be used for all demodulation. Unlike CRS, DM-RS cannot be interpolated across subframes and may have different patterns for different SINR and users. There is a need to investigate what assumtions to make on refeence symbol when deciding on the EVM for NR. For sub-6 GHz, the existing levels could possibly be fully re-used but the conditions would require a re-visit. As RAN1 has not yet concluded the discussion on DM-RS patterns for NR, it would be difficult to conclude on the EVM at this stage since there are quite many different DM-RS patterns under discussion. 
In RAN1, a variety of different DM-RS patterns and densities are evaluated to capture scenarios such as single layer, DL transmission in channels with low or high delay spread or low and high SINR regime, multiplexing scheme, MU-MIMO etc. Some example DM-RS patterns is presented in Figure 1 and Figure 2.
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Figure 1	Some example DM-RS patterns for DL single layer (Right) and 2 front-loaded DMRS supporting up to 12 orthogonal ports (left)
The DM-RS pattern may be related to the modulation scheme, MIMO approach and potentially configuration considering different channel conditions.
If EVM would be tested for all possible DM-RS patterns, the amount possible permutations for EVM would be excessive and multiplicatively increasing with number of bandwidths, supported numerologies and DM-RS patterns and challenges for OTA testing considering multiple layers etc. Furthermore, potentially different EVM requirements would need to be simulated and derived for each case. However, setting requirements on and testing EVM under multiple DM-RS conditions is very redundant as the transmitted signal is generated from the same hardware with the same underlying RF capability regardless of the DM-RS pattern. Thus we would propose that using a single layer and single pattern (once settled in RAN1) is sufficient for capturing the hardware RF performance. Note that for E-UTRA, RAN4 have already performed an extensive discussion and studies including various receiver structures outlining the fact that single layer EVM is a good measure even for multi-layer operation [1] and [2].
For mm-waves, the phase noise degrades with frequency and so CPE (common Phase Error) compensation is a necessity. CPE compensation does not fully mitigate the increased phase noise and so in order to set an appropriate EVM requirement, a detailed analysis and agreements on CPE compensation are needed. The eventual EVM requirement will need assumptions on PTRS and presumably a standardized CPE compensation assumed within  the requirement and conformance test. The detailed EVM analysis can thus be started when RAN1 PTRS and DM-RS patterns are settled. 
Given the stringent time plan for NR in rel 15, we would encourage RAN4 to adopt the pragmatic approach i.e. single layer, single DM-RS pattern and for mm-waves, single PTRS. In addition, if for sub-6 GHz, the E-UTRA requirements should be used as base-line for NR.

Conclusion
In this paper, a discussion on EVM for NR was initiated. EVM for NR will need to make assumptions on DM-RS and PTRS patterns, which are still under discussion in RAN1. Detailed analysis leading to a final conclusion can be started when RAN1 has made sufficient progress towards concluding DM-RS and PTRS.
In addition, in order to avoid a both excessive and redundant number of possible permutations considering the supported bandwidths, numerologies and DM-RS patterns etc, we propose to use a single layer and single DM-RS pattern to develop the EVM conditions for NR. This is sufficient for capturing the RF performance of the transmitters, which is the underlying intention of the EVM requirement.
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