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Test Equipment Measurement Uncertainties for 95th percentile and peak EVM

Introduction


The CR [1] to introduce the 8PSK test equipment measurement uncertainties into 3GPP TS 51.010 was approved by GERAN4 #1. Two parameters were proposed to specify test equipment measurement uncertainties for EVM: an RMS EVM specification and an EVM specification for an individual sample.

The RMS EVM specification was provisional. The RMS EVM specification was subsequently revised at GERAN4 #2 based on submissions from Motorola [2], Rohde & Schwartz [3] and Agilent Technologies [4].

This paper is presented to quantify the effect the sample EVM specification has on 95th percentile EVM and peak EVM measurement accuracies. 

Statistics of the signal under test

The analysis performed in [4] investigated the effects of poor signal quality on the measurement of the modulation accuracy parameters. In that simulation, a non-ideal signal was created by adding an error vector consisting of AWGN, amplitude droop, frequency error and origin offset to an ideal 8PSK signal. This analysis showed that the sample EVM values follow a Rayleigh distribution. This result is to be expected as the error vector magnitude is derived from orthogonal gaussian noise components.

A pdf of a Rayleigh distribution is defined by:
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In this equation r represents the EVM. 

Figure 1 shows the Rayleigh distribution for an (-value of 6.12. This value is chosen for further analysis in this paper because it produces a 95th percentile value of 15%. This is the value specified for MS in GSM 05.05.
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                                                                       Figure 1

The distribution describing the peak EVM values can be derived from the sample EVM distribution. In [5] it specifies that the peak EVM value is determined from the symbols in the useful part of the burst excluding the tail bits – 142 symbols. The probability that a given EVM value is the largest value in the sample of 142 EVM values, is equal to the probability of that sample value occurring in at least one of the 142 samples taken; multiplied by the probability that the other 141 samples are less than or equal to that value. The distribution so produced from the sample EVM distribution of figure 1 is plotted in figure 2. 
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                                                                      Figure 2

The mean value of the distribution of peak EVM values is calculated to be 20.2%. It is interesting to note that when the 95th percentile EVM value is equal to the system specification value of 15%, the resulting average peak EVM value is much lower than the system specification of 30%. 

This paper proceeds by investigating how much these numbers are increased by errors in the measuring equipment.  

Sources of error in EVM measuring equipment

The most significant sources of error in the measuring equipment are receiver noise figure, local oscillator phase noise and the parameter estimation errors in the EVM measurement algorithm. Band limiting in the RF path is not seen as a significant factor because the method of measurement [5] specifies a 90kHz measurement receive filter. The RF path in the receiver will typically have a much wider bandwidth than 90kHz. It is also assumed that non-linearities in a measuring receiver are negligible.

The method of EVM calculation requires that certain parameters are first estimated and removed from the signal before the individual sample EVM values and the RMS EVM are determined. These estimated parameters are frequency error, timing error, amplitude droop and origin offset. These parameters are estimated in such a way as to minimise the value of RMS EVM. When measuring real signals, this parameter estimation process is imperfect and these parameters are not removed entirely before EVM is calculated. These residuals lead to errors in the measurement of EVM.

During the simulations described in [4], the statistics of the residual estimated parameter were investigated. Under the signal conditions being considered, it was found that residual errors in the estimated parameters were noise-like and followed a Gaussian distribution. A further investigation was performed to determine the sensitivity of the error vector to these residual errors in the estimation process. 

With all the significant sources of error modeled as Gaussian noise, it allows us to model the errors in the sample EVM measurement as a Rayleigh distribution
. This distribution is plotted in figure 3. The (-value of this Rayleigh distribution is 1.62. The (-value is derived directly from the variances of the Gaussian noise sources. The 95th percentile value of this distribution is 4%. This is the proposed value for the test equipment sample EVM measurement uncertainty.
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   Figure 3

Combining equipment errors and the statistics of the signal under test

When the signal under test is applied to the test equipment, the results returned by the test equipment for 95th percentile EVM and Peak EVM contain errors contributed by the test equipment. The difference between the values returned by the test equipment for these measures and the actual statistics of the signal under test represent the errors introduced by the test equipment.

To determine these errors for 95th percentile and peak EVM, it is necessary to first determine the distribution for the sample EVM values as measured by the test equipment. The distribution of sample EVM values of the actual signal and the additional sample EVM errors introduced by the test equipment both follow Rayleigh distributions. The combined distribution of sample EVM values will also follow a Rayleigh distribution. It is determined by adding the squares of the (-values from the two independent distributions.

Having determined the combined sample EVM distribution, the combined peak EVM distributed can also be determined. Figure 4 plots the distributions for the sample EVM measurement errors, the sample EVM and peak EVM distributions for the actual signal, and the combined sample EVM and peak EVM distributions.

With a 4% sample EVM error in the measuring equipment, the measured 95th percentile value of the signal under test increases from 15% to 15.5%. The average of peak EVM values increases from 20.2% to 20.9%.
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Figure 4

Figure 4 plots the distributions for an actual signal with a 95th percentile EVM value of 15%. The same calculations can be performed for signals with other values for 95th percentile EVM. Figure 5 shows how the measurement errors for the 95th percentile EVM and peak EVM values vary as a function of the actual 95th percentile EVM value of the signal under test for the range 5% to 20%. 
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Figure 5

Clearly the measurement errors are a strong function of the sample EVM distribution of the signal under test. The relationships are clearly non-linear with greater errors occurring for signals with lower values of 95th percentile EVM. A single value specification for 95th percentile EVM and peak EVM measurement errors would only apply at a single point. A more complete specification over a range of input signals would require separate formulae for the 95th percentile EVM and peak EVM errors. A single specification for sample EVM measurement error represents a complete and more concise way of specifying the minimum performance required of test equipment to make the 95th percentile EVM and peak EVM measurements.

Conclusion

It has been demonstrated that a single sample EVM measurement specification will imply particular measurement errors for 95th percentile EVM and peak EVM. Furthermore, a sample EVM measurement specification of 4% is an achievable value for test equipment which leads to acceptable measurement errors in 95th percentile EVM (0.5%) and peak EVM (0.7%), when the signal under test is close to the system specification (15% value for 95th percentile EVM). 
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� In deriving the Rayleigh distribution for the combined signal sample EVM and sample EVM measurement error, it is assumed that the variances of the individual Gaussian compenents can be added linearly. The parameter estimation errors are non-linearly related to the sample EVM from which they are derived. However, if the estimations errors are small, the requirement of linearity is approximately met.  
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