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1.	Introduction
In past RAN4 meetings, the discussion regarding 256 QAM in FR2 should be supported as mandatory or optional or at all for release 15 has been discussed.  The decision to support 256 QAM in FR2 should have been made during the RAN4#86 meeting however no consensus was able to be reached.  The decision should be based upon an evaluation of the potential gains and feasibility of supporting 256 QAM in FR2.  Feasibility encompasses link and system analysis but also the impact of implementation aspects such as PA efficiency [1].
In this contribution, the intention to highlight and summarize all aspects which have been brought forth till now regarding these issues highlighted in [1].  In light all analysis done by several companies, RAN4 needs to carefully consider through study first whether to support 256 QAM in FR2.  It is also of importance to understand the implications of settling different EVM levels for FR2.

2.	Discussion
As many past contributions have shown through simulation and analysis that the effect of phase noise at the Tx/Rx has two consequences. The first one is that it rotates the phases of all the subcarriers in the transmitted/received signal by a common value which is known as common phase error (CPE). The second consequence is, as result of loss of orthogonality in the OFDM signal, each subcarrier is interfered by every other adjacent subcarrier and this is termed as intercarrier interference (ICI). In [2], it is shown that performance degradation due to ICI is severe at lower SCSs (15kHz SCS) compared to higher SCSs (60kHz, 120kHz SCS). Even though CPE correction, provides a good amount of performance gain, there remains ICI which can not be removed, and which can in some cases, such as high modulation orders and high carrier frequencies, can cause performance degradation. For lower order modulation transmission, the CPE correction algorithm is the limiting aspect of the performance.
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Figure 1a: 16QAM before (left) and after CPE compensation (right)
      [image: ] [image: ]
Figure 1b: 256QAM before (left) and after CPE compensation (right)
At higher order modulations and specifically in 256QAM, the performance is limited by the amount of ICI present after CPE compensation.  The remainder of this contribution will focus on the analysis of the impact of ICI after and before CPE compensation.   This can be observed in the Figure 1 above where 16QAM and 256QAM constellations are shown before and after CPE compensation. Since phase noise is the dominant source of RF distortion in FR2 and therefore a large contributing factor to the overall EVM budget, the remainder of this contribution evaluates performance of 256QAM and considers EVM contributions from phase noise as the dominant source and additional contributions from other RF distortions.
The impact of PN and therefore CPE compensation is an RF impairment that needs to be handled both on UE and BS side, depending on direction of transmission.  The effect of EVM and demodulation performance with this as a consideration has only been looked at briefly and not fully studied as of yet in RAN4.

2.1 CPE correction, PT-RS and DM-RS
In order, to be able to do proper phase error correction, phase tracking reference signals (PT-RS) are defined to provide reference and aid in CPE estimation.  In NR, several PT-RS patterns as well as DM-RS patterns are supported where each pattern has different density in time.  Previous contributions have shown that the impact of overall link performance can be directly related to the PT-RS and DM-RS patterns chosen. 
The current specification for EVM level is stated within a tentative range, where further analysis was to be done to determine what the EVM level should be defined as.  To determine the EVM level, the other requirements associated with EVM such as EVM window length and equalizer also need to be defined together.  
The need to specify CPE compensation has been shown in previous papers and the specifics of using PT-RS to determine the compensation has been described in more detail in [4].  Additionally, the need to capture this in the equalizer stage in the normative annex of TS 38.104 is provided as a CR during this meeting [5].  Although with perfect CPE compensation is performed a residual ICI remains, as described in the previous section and as such it may not be feasible to achieve the EVM levels similar to that of the lower bounds.  Therefore, it is plausible to envision that the final EVM level should be set somewhere within this range currently defined in TS 38.104.  

Table 9.6.2.3-1: EVM requirements for BS type 2-O carrier
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	[17.5 – 19]%  

	16QAM
	[12.5 – 14]%  

	64QAM
	[8 – 9]%  



[bookmark: _GoBack]The following are a set of curves to highlight the link performance impact, specifically at 64 QAM, with and without CPE compensation. 
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Figure 2 QPSK, TDL_A channel with 300ns delay spread, 60kHz SCS
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Figure 3 16QAM, TDL_A channel with 300ns delay spread, 60kHz SCS
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Figure 4 64 QAM, TDL_A channel with 300ns delay spread, 60kHz SCS

2.2 PA Output Power and Efficiency
EVM levels are a combination of imperfections experienced by the transceiver such as PA nonlinearity, clipping algorithms, phase noise, aggressive filtering needed to achieve higher spectral utilization, etc. and some of these attributes more in the millimeter wave frequencies than in FR1.  Some aspects such as higher spectral utilization for example is new to NR compared to LTE even at FR1.
For FR2, it is important to understand whether it is EVM that will dimension the PA operating point. It is important to understand the impact of the EVM on the achievable output power and PA efficiency.  The analysis presented previously in [3] illustrates one key aspect relating output power vs. EVM for the BS array considered during the NR SI.  It was highlighted that if EVM becomes the dimensioning requirement for the PA, then the achievable output power reduces by roughly 5 dB.  This reduction in output power leads to reduced coverage and this impact has not be studied in RAN4 thus far.  
[image: ]
Figure 5: Simulation of 30 GHz CMOS and GaN power amplifier models showing output power as a function of EVM.

.
3.	Conclusions
This paper presented a summary of all analysis up till now regarding EVM for NR at FR2.  All aspects should be considered before settling an EVM level requirement; considerations such as EVM window length, equalizer, CPE compensation and implementation limitations.
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