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1. Introduction

Discussions on LTE EVM requirements are ongoing. This contribution discusses the issue of EVM measurement uncertainty, in particular for the higher order 16QAM and 64QAM modulation where the range over which accurate measurements can be made is very close to the expected minimum requirements. This needs to be taken into account in order that the resulting conformance tests will be a useful measure of performance.

2. Analysis of the limitations of current EVM methodology
The working assumption for EVM measurements has always been that the reference signal is an ideal representation of the error-free signal and therefore does not contain any symbol demodulation errors. Figure 1 shows an example of a QPSK IQ constellation with 20% EVM. In this example there is no ambiguity since every symbol can be correctly mapped to the ideal constellation.
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Figure 1. QPSK constellation with 20% EVM

However, consider the signal in Figure 2 which represents a signal with 28% EVM.
           
[image: image2]
Figure 2. QPSK constellation with 28% EVM showing possible symbol error
Using current EVM methodology, the highlighted symbol would be assumed to come from the top left constellation point since it is the closest. However, if the symbol were actually from the bottom left and just had a larger error; such an assumption would result in a symbol demodulation error and an under-reporting of the actual EVM.
The only way to improve on the above situation is to either define the reference symbol data or use forward error correction techniques to correct the symbol error in the reference signal. Defining the reference signal right down to the last symbol would limit the general nature of the EVM measurement and although possible would make for a very onerous process and limit the application of EVM to arbitrary signals. The alternative of using forward error correction is possible but would significantly complicate the measurement implementation and rule out the use of existing methods.
So for practical purposes it is assumed that symbol demodulation for EVM will continue to be based only on the initial decision point without error correction and that that symbol data is not known in advance. This has implications on the range over which accurate EVM measurements can be made which needs to be understood and taken into account when setting minimum requirements and the usefulness of tests based on them.
3. Simplified model for EVM measurement limit
Consider the 16 QAM signal in Figure 3. This shows that the probability of a symbol error varies depending on the symbol and direction of the error.

[image: image3]
Figure 3. 16QAM constellation showing varying sensitivity to symbol errors
For each modulation depth we can calculate the probability of symbol errors for any given EVM.
EVM is the square root of the average normalized power. It can therefore be assumed that for any error vector with a Gaussian distribution, the EVM will equal the standard deviation or sigma of the noise power. 

The nominal constellation points for the three levels of modulation are:
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From this the minimum distance between adjacent constellation points is:
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A symbol error will occur when the peak error vector exceeds half the distance between adjacent points:
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If we now take the distribution of the noise power into account we can calculate the maximum EVM for different confidence levels of symbol error rate. For 95% confidence of no symbol errors the 2 sigma EVM has to be less than or equal to the above peak figures. Since EVM=sigma, we can therefore calculate that the maximum signal EVM for 95% confidence of no symbol errors will be half the above peak values:
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And for 99.7% confidence of no symbol errors the 3 sigma threshold will be one third of the peak values:
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The above EVM limits for 95% or 99.7% confidence are introduced based on the minimum distance “red arrow” case in Figure 3. These numbers calculated from this simplified model do not predict measurement uncertainty. Therefore the following section describes a simulation using a Gaussian distribution model. This accounts for errors in all directions as shown in figure 3.
4. Simulation of measurement error

Figure 4 shows a simulation of symbol error rate vs. signal EVM. This is based on 5000 symbols and Gaussian noise. [image: image9.emf]0.00
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Figure 4. Symbol error rate vs. signal EVM
The threshold for symbol errors varies by modulation depth as follows:

QPSK = 28.18%
16QAM = 12.59%
64QAM = 6.31%

As the number of symbol errors increases, the EVM result is increasingly under-reported. Figure 5 shows the simulation of the impact of symbol errors on EVM accuracy.
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Figure 5. EVM measurement uncertainty vs. signal EVM
From figure 5 it is possible to estimate the contribution to EVM error due to symbol demodulation errors. If we take 0.2% as a measurement threshold we get the following maximum measurable EVM

QPSK = 38%
16QAM = 17.5%
64QAM = 9%

5. Conclusion

Since performance targets for 64QAM are being considered in the range 7 to 9 % it needs to be noted that this is in the vicinity where the accuracy of current EVM methodologies starts to fail. By the time this uncertainty is factored in plus any other uncertainties due to e.g. measurement receiver unflatness, there exists the possibility that test tolerances applied to the minimum requirements might result in a test requirement that is wide enough that the test may no longer be able to distinguish between signals on the edge of acceptable performance from those that are much worse but are under-reported due to symbol demodulation errors.
As such it is recommended that once EVM requirements for 64QAM are proposed, further study of the measurement is carried out to ensure that the requirement is testable using the current EVM methodologies based on blind symbol detection with no forward error correction.



























Errors in the blue arrow direction do not result in symbol errors. Errors in the direction of the green arrow are less likely to cause symbol errors than those for the minimum distance case shown by the red arrow.





It is not known whether this symbol comes from top left or bottom left and so a symbol error is quite likely.
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