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1. Introduction
A previous contribution [1] laid down the basics of EVM calculation for NR. Some details to accommodate recent agreements on pi/2 BPSK have been updated in the section on DFT-s-OFDM waveforms. Additionally, an error common to both calculation topologies in the previous paper has also been corrected. Note that the contents of this paper are agnostic to FR1/FR2 application.
2. Discussion

In [1], the LSE that generated the equalizer coefficients was derived from MS(f,t) and NS(f,t) as shown in figure 2.0-1. Note that MS is the equalized and de-rotated version of measured data, with equalization and CPE estimates based on DMRS. MS, being equalized, does not allow channel distortion to propagate into the LSE block, which determines equalizer coefficients used for EVM calculation.  
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Figure 2.0-1: Error in Previous Topology
This error will prevent the LSE based equalizer from correctly inverting the channel. The fix is to merely use an un-equalized version of measured data for the correlation in the LSE block, instead of MS(f,t). The subsections below show revised topologies with this change.
2.1. DFT-s-OFDM
Figure 2.1-1 shows the proposed EVM calculation method in block diagram form, for DFT-s-OFDM waveforms. The description is mostly unchanged from before [1], with changes limited to 2 details:

1. Pi/2 BPSK is not handled any differently for the purposes of EVM calculation. The previous version was aimed at a different potential realization of DMRS for pi/2 BPSK.
2. In the calculation topology, previously the LS estimator was fed MS and NS. In the revised topology the LS estimator is fed by NS (as before) and an un-equalized version of received signal, shown as M(f,t).

The RF correction block is responsible for primary frequency correction. When PTRS is present, PTRS tone(s) shall be extracted from equalized frequency domain symbols. PTRS tone(s) shall be used to determine a fixed (over duration of EVM averaging) residual frequency error estimate as well as symbol-by-symbol phase correction. PTRS time density setting may cause some symbols to not contain PTRS tones; in this case correction parameters shall be derived by interpolating across symbols with PTRS availability. These parameters shall be used to de-rotate frequency domain symbols, to reduce CPE. All subsequent processing shall use phase corrected data. The ‘LS Estimator’ Block implements the least squares channel estimator algorithm referenced in TS36.521 and reproduced below. The ‘*’ symbol indicates complex conjugation. It generates one equalizer coefficient for each allocated SC, EC(f). The summation shall be over 7 phase-corrected symbols.
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Equalized Symbols are obtained by multiplying SC-specific equalizing coefficients EC(f) with phase-corrected measured symbols generated by an FFT block in diagram below. 
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Figure 2.1-1: EVM Calculation Block Diagram for DFT-s-OFDM Waveforms

Proposal 1: EVM calculation methodology for DFT-s-OFDM waveforms shall follow topology of figure 2.1-1
2.2. CP-OFDM
Figure 2.1-2 shows the proposed EVM calculation method in block diagram form, for CP-OFDM Waveforms. This proposal differs from [1] in the inputs to the LSE; here the inputs are NS (like before) and M(f,t) which is a un-equalized version of measured signal. The RF correction block is responsible for primary frequency correction. When PTRS is present, PTRS tone(s) shall be extracted from equalized frequency domain symbols. PTRS tone(s) shall be used to determine a fixed (over duration of EVM averaging) residual frequency error estimate as well as symbol-by-symbol phase correction. PTRS time density setting may cause some symbols to not contain PTRS tones; in this case correction parameters shall be derived by interpolating across symbols with PTRS availability. These parameters shall be used to de-rotate frequency domain symbols, to reduce CPE. All subsequent processing shall use phase corrected data. The ‘LS Estimator’ Block implements a least squares channel estimator algorithm. The ‘*’ symbol indicates complex conjugation. It generates one equalizer coefficient for each allocated SC, EC(f). The summation shall be over 7 phase-corrected symbols.
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Equalized Symbols are obtained by multiplying SC-specific equalizing coefficients EC(f) with phase-corrected measured symbols generated by an FFT block in diagram below.
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Figure 2.1-2: EVM Calculation Block Diagram for CP-OFDM Waveforms

Proposal 2: EVM calculation methodology for CP-OFDM waveforms shall follow topology of figure 2.1-2
2.3. Discussion on carrier leakage
In [1], it was established that carrier leakage shall be removed prior to EVM calculation. In NR, there is flexibility in location of carrier.

We solicit a discussion in RAN4 whether base station vendors would benefit from knowledge of carrier location, towards increasing overall system throughput. To a smaller degree, TE vendors may also benefit in terms of development of the calculator. Comments from TE vendors are also solicited. 
3. Conclusion
The proposals are reproduced below:
Proposal 1: EVM calculation methodology for DFT-s-OFDM waveforms shall follow topology of figure 2.1-1
Proposal 2: EVM calculation methodology for CP-OFDM waveforms shall follow topology of figure 2.1-2
4. Reference
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