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Introduction

This contribution compares the accuracy of using peak to average power ratio (PAR) vs. a Cubic Metric for PA power de-rating due to signal characteristics.

Description of the Cubic Metric

In the 3GPP system many signal configurations are possible that can produce a variety of power vs. time characteristics.  First generation 3GPP amplifiers have all been designed to support voice operation, with a particular signal configuration having a known PAR of 3 dB.  It has been common practice in the past to estimate the power handling capability of a power amplifier by the peak power that the amplifier must deliver.  Therefore, it has been assumed that for a given amplifier design, the average power capability will fall dB for dB with the increase in PAR.

Recent test results have shown the above assumptions to be incorrect, and have demonstrated that the PAR of a signal is insufficient to determine the power out capability of an amplifier that must pass that signal.  The goal of this paper is to report on efforts to develop a new metric for signal characterization.  This new metric should be better correlated to the PA back-off required to pass the various 3GPP signals.

Theoretical Background

In amplifier circuits, the primary cause of adjacent channel (± 5 MHz) ACLR is the third order nonlinearity of the amplifier’s gain characteristic.  Ignoring any other causes of non-linearity, the amplifier voltage gain characteristic may be written as:


The G1 value above is the linear gain of the amplifier, while the G3 value is the non-linear gain.  These values depend only on the amplifier design, and will not change regardless of the signal used for vi(t).

If the signal for vi(t) is a 3GPP modulated RF carrier, then the cubic term above will generate several types of degradation to the output signal.  On-channel distortion terms that contribute to EVM will be produced, as well as signals at the third harmonic of the carrier frequency, and signals in the upper and lower adjacent channel bands.  For a given amplifier, the total energy in the cubic term will be determined only by the vi(t) signal, and this total energy will be distributed among the various distortion components in some predefined, signal dependent way.

In order to generate a metric that reflects the power in the cubic term above, the given voltage signal is first normalized to an rms value of 1.0, then cubed.  The rms value of this cubed waveform is then computed and converted to dB.  Since the goal of this work is to compare the performance of various signals to the currently used voice channel signal, the cubic power of the voice channel signal is computed and used as a reference, and then the cubic powers of the various other signals in the study are also computed.  The difference in cubic powers will be compared to the difference in the amplifier’s power handling capability for each of the various signals to see if there is any correlation in the metric.

Methodology

Several different 3GPP uplink signals with varying levels of PAR were generated.  These are described in Table 1 below.

Table 1:  Descriptions of Signals Tested
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Note the following:

· “Br” refers to IQ branch

· “C” refers to OVSF code number

· BPSK is indicated in the table by either an I or a Q under the branch allocation

· QPSK is indicated in the table an I+Q under the branch allocation

· dual DPDCH’s are indicated by I,Q under the branch allocation

These signals were applied to several different power amplifiers designed for UE applications.  Different PA technologies were represented by two GaAs HBT devices, one SiGe HBT device, and one GaAs pHEMT device.  All were 50 ohm matched power amplifier modules representative of current technology.

Table 2:  Description of Power Amplifiers Tested
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Each of the 4 power amplifiers was tested with each of the 14 signals, except for PA #2 which was not tested with signals A-F
.  The input power was swept and the output power level at which the adjacent channel (± 5 MHz) ACLR reached -33 dB (the “power capability”) was recorded for each PA and signal combination.  This power capability was compared with the reference case of a simple voice signal (signals A & G) to determine the relative power capability, or de-rating, necessary for each signal and PA combination.  In this way, the absolute power capabilities of the four PAs tested is immaterial; only the signal characteristics affect the results.

Table 3:  Measured Relative Power Capability by Signal and PA

[image: image3.emf]PA # A B C D E F G H I J K L M N

1 0.00 0.56 1.35 0.78 1.60 0.75 0.00 1.25 0.34 0.33 0.15 0.49 2.38 2.10

2 0.00 1.35 0.35 0.32 0.15 0.49 2.52 2.23

3 0.00 0.51 1.06 0.70 1.19 0.69 0.00 1.16 0.37 0.33 0.14 0.47 2.28 2.08

4 0.00 0.55 1.40 0.79 1.59 0.76 0.00 1.26 0.36 0.32 0.13 0.46 2.72 2.46

Power Derating at -33 dB ACLR, by signal


Analysis

The relationship between the amount of power de-rating and the cubic metric is shown below in Figure 1.  A linear-best-fit line, constrained to pass through the reference voice case, is also plotted.

Power de-rating vs. the increase in PAR over the voice case is plotted in Figure 2.  A line with slope 1:1, corresponding to predicting the de-rating directly from the increase in PAR, is also plotted.

In an effort to have a valid comparison, a linear fit was also applied to the de-rating vs. PAR data to give it the benefit of the empirical fit used for the cubic metric.  This is shown in Figure 3.  The data points are the same as in Figure 2, but the linear fit is no longer 1:1.  It is a linear-best-fit optimized for this data set.

Each figure also shows the calculated correlation coefficient of the measured power de-rating vs. the cubic metric and the measured power de-rating vs. the PAR increase.
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Figure 1  Measured Power De-rating Necessary vs. Cubic Metric
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Figure 2  Measured Power De-rating Necessary vs. PAR Increase
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Figure 3  Measured Power De-rating Necessary vs. PAR Increase (with linear fit)
If the necessary power de-rating was predicted from the linear-best-fit, errors would occur.  The true measure of a predictive metric is the magnitude of the errors that result.  These errors are most effectively displayed as histograms.  In this case, the errors were rounded to the nearest 0.1 dB and plotted in Figures 4-6 below.

Figure 4:  Error Analysis of Cubic Metric
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Figure 5:  Error Analysis of Absolute PAR Metric
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Figure 6:  Error Analysis of Linear-Best-Fit PAR Metric
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Conclusion

The cubic metric is a more effective predictor of the actual reduction in power capability, or power de-rating, of a typical power amplifier in a mobile handset.  It was found to have a higher correlation with the measured power de-ratings and resulted in a tighter distribution of errors.  This was found to be true for several different power amplifiers using different technologies and various signals with a range of PARs.

The amount by which the power capability of a UE power amplifier must be de-rated can be approximated by

Power Capability De-rating = [20 * log10((v_norm 3 )rms) – 20 * log10((v_norm_ref 3)rms)] / 1.85

where “v_norm” is the normalized voltage waveform of the input signal.  The empirical factor of 1.85 is based on the results discussed here and, if necessary, may be refined as more data (using more PA samples and signal configurations) are acquired.

� EMBED Equation.3  ���











� PA #2 was unavailable for measurement with signals A-F.
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