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1. Introduction

This contribution investigates the required averaging period for the EVM requirement.  Using standard deviation of the EVM measurement is a criterion, the EVM averaging time for the NR waveform is compared to LTE.
2. Discussion

The minimum requirement for EVM is specified to be the RMS average of a basic EVM measurement.  The basic EVM measurement is defined in the time domain over one preamble sequence for PRACH and one slot for PUCCH and PUSCH.  The RMS averaging period was defined to be 10 sub-frames for LTE.  For NR, the same averaging period of 10 sub-frames is tentatively specified but in square brackets to allow for confirmation.  In this study, we investigate the impact of the NR uplink waveform to the averaging period for EVM.  In particular, we investigate the CP-OFDM waveform, wider bandwidths up to 100 MHz, and higher order modulations against the LTE baseline to understand whether the LTE averaging period is suitable for NR.
A single PA was evaluated where a signal generator was used to supply the waveform while the EVM was measured at the output of the PA.  EVM over a range from -15 dB to -45 dB was evaluated at four output power levels reflecting different linearity characteristics of the PA.  In this manner, the non-linearity of the PA was used to stimulate the distortion resulting in EVM.  In practice, EVM comes not only from the PA but also the transceiver.  Nonetheless, modeling the distortion in the PA as the source of EVM is a simplification that is expected to be an adequate representation for the purpose of this study.  The method of experiment was to measure the EVM over a large number of trials to compute the standard deviation of the measurement.  Using the LTE averaging period as a baseline, the required averaging for an NR waveform to achieve the same standard deviation was investigated.  The results are described below.
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Figure 1.  EVM variation for 20 MHz, SC-FDMA, QPSK waveform
First, a 20 MHz SC-FDMA QPSK modulated waveform was measured to be used as a baseline.  For an averaging period of 140 symbols, corresponding to the LTE measurement period of 10 sub-frames, the standard deviation of EVM was found to be approximately 0.4 dB.  Note that this standard deviation was independent of EVM level.  In other words, an averaging period of 140 symbols could be used for all specified EVM levels ranging from those for QPSK to those for 256QAM.  This was also confirmed by running a similar test with 16QAM, 64QAM, and 256QAM modulations where the same 0.4 dB standard deviation was observed when averaged over 140 symbols.  This is as expected since the EVM is distance metric that is independent of modulation when reference symbols are known or can be estimated without error.  Although not shown on the figure, it was found that for even longer averaging periods, the standard deviation could be further reduced.  However, a standard deviation of 0.4 dB results in a 3-sigma EVM of 4% instead of the lowest specified EVM of 3.5%.  This essentially introduces additional design burden since the UE should be designed to have 0.4 dB better EVM than specified; i.e., should be designed to better than 3% instead of the specified 3.5%, in order to ensure that the standard deviation due to finite averaging does not cause a good device to fail the requirement.

For NR, wider bandwidths can be expected.  Therefore, a test was conducted with 100 MHz channel bandwidth using SC-FDMA as shown below.  At the resolution of the figure, it is not easily discernable but the standard deviation after 140 symbol averaging was found to be slightly higher at 0.5 dB.
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Figure 2.  EVM variation for 100 MHz, SC-FDMA, QPSK waveform

For NR, CP-OFDM is introduced in the uplink in addition to SC-FDMA.  Therefore, a test was conducted with CP-OFDM.  It was found that CP-OFDM has smaller EVM variation for the same averaging duration compared to SC-FDMA.  Therefore, it will be SC-FDMA that dictates the required averaging duration.

Since the 100 MHz bandwidth only introduces a slight increase in EVM measurement variability compared to the baseline LTE measurement, it is proposed to retain the same averaging period for NR as for LTE.
Proposal:  EVM averaging period for NR is the same as LTE; i.e., 10 sub-frames.

3. Conclusion

This contribution evaluates the EVM averaging period for NR using the standard deviation of the measurement as the criterion.  A baseline is first established by measurement the standard deviation for LTE using an EVM averaging period of 140 symbols.  NR waveforms are then compared against this baseline for 100 MHz bandwidth and CP-OFDM multiple access.  It was found that 100 MHz channel bandwidths result in a slightly higher standard deviation than 20 MHz LTE while CP-OFDM showed less variability than SC-FDMA.  Due to the only slight increase in variability for wider channel bandwidths, it is proposed to use the same averaging period for NR as for LTE.
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