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1.
Introduction

During the last RAN4 meeting in Reno, EVM levels for FR1.  For FR2 EVM a range of levels were agreed for all modulation except for 256 QAM for FR2.  The discussions regarding the feasibility of 256 QAM for FR2 was captured and noted in a WF [1].  Before determining the EVM levels for 256 QAM RAN4 should verify the capability and feasibility of the modulation scheme.  During introduction of 256 QAM in LTE a separate study item was introduced and in order to provide a framework for proper study of the transmitter performance impacts at higher SINR values.  
2.
Discussion

Discussions until now for all other modulation schemes for FR2 have considered both DM-RS pattern density and PT-RS density.  As there is a larger impact of phase noise in the millimetre wave frequencies, it is of importance to consider the effect of phase noise.
As agreed in previous WF [2] EVM levels are to be determined based upon reference to EVM of 0%.  The reasoning for this is since FR2 experiences higher phase noise than FR1 and therefore can impact the overall link performance.  Caution should be taken when comparison between performance between FR1 and FR2 for the different modulation levels.  For FR2 the PT-RS patterns assist in mitigating the CPE and care is needed to help determine the minimum density of the pattern needed.  
2.1 Phase Noise, Common Phase Error, and Inter-Carrier Interference
Phase noise impacts in OFDM manifest themselves as either Common Phase Error (CPE) or Inter-Carrier Interference (ICI), or both.  ICI is the interference term produced due to phase noise affecting the orthogonality between subcarriers.  While CPE occurs on all subcarriers as the phase rotation amount experienced by all the subcarriers is the same.  To handle the CPE, RAN1 has adopted a new reference signal, Phase Tracking Reference Signal (PT-RS) to mitigate the CPE.  For ICI, the impact is not significant in FR2 frequencies, but in frequencies upwards of 70 GHz.
In [3], the importance and necessity of FR2 CPE compensation for different numerologies and delay spread in different FR2 bands was demonstrated. The results in [3] is based on a parameterized phase noise model (see Annex) and cover modulation schemes up to 64QAM. For 256 QAM and higher order modulations the need for proper phase noise model and CPE compensation mechanism is even more accentuated.
The PT-RS time density is closely related to the variation in time of the phase rotation produced by the common phase error.  To some extent the channel variation plays an impact on this but also the required scheduled MCS.  The higher the order of modulation the more accuracy is needed, and hence a denser PT-RS pattern. Furthermore the required effectiveness of the CPE algorithm may need to increase with increasing modulation order.
2.2 Link Level Simulation Results 
The impact of PN for higher modulation schemes is more significant due to the need for higher accuracy needed in the link.  As part of the overall EVM requirement, the CPE compensation and thereby the PT-RS density needs to be considered.  The following two figures illustrate the effect phase noise has on the overall link performance with and without any CPE compensation.     

As illustrated in the plots below the higher order modulation schemes require CPE compensation to assist with the PN experienced in FR2.  However, for lower modulation such as QPSK the requirement to have PT-RS present may not be needed.
Although by selecting the correct corresponding PT-RS pattern and with proper CPE compensation, this effect of PN may be mitigated this only shows the capability of one link.  The entire system and receiver capability need to be analysed in detail.
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As these simulations show, before introducing EVM requirements for the higher modulation such as 256 QAM; a study of the PT-RS density and CPE algorithms needed for achieving minimum performance is needed.  The density and algorithm may differ between different modulation orders due to the differing sensitivity to PN.  The CPE compensation during testing and operation could be different but would need to be studied and decided by RAN4.
2.3 OTA Aspect

The concept of OTA EVM requirements was first introduced in AAS [4].  In AAS, each EVM level for corresponding MCS must be fulfilled over a declared coverage range.  The range of directions which the NR BS meets the EVM requirement is declared by the manufacturer as OTA coverage range.

The following figure is an example of an OTA coverage range and 5 conformance points.  Although, the EVM made be easily met at boresight, at the larger steering angles this would pose to be a more difficult task particularly for higher modulation.
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3.
Conclusions

For operating in FR2, CPE is required for higher order modulations in order to achieve satisfactory performance. The associated PT-RS density and assumptions on the compensation algorithm need to be understood. Since residual phase noise will play an increasingly large role with increasing modulation order, it is not clear that the same assumptions can be adopted for each modulation. It is proposed to firstly focus on modulations up to 64QAM, and then 256QAM in a separate stage,

Additionally, RAN4 has only recently adopted OTA specifications, the complexity of this should also be considered.   The combination of at least these two issues within the time scale of release 15, it is recommended that in order to have a good specification, further study is required. 
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Annex
The following figure is the PN model used for the analysis in this contribution, it has been taken from the NR SI TR. 
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Figure 6.1.10.1-2: Phase noise models [TR 38.803 v14.2.0]
