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Impact of Smooth Compression on EVM
1 Introduction and Purpose
The error vector magnitude (EVM) is typically used to measure a communication system’s performance.  This metric is a very important transmitter characterization as it generally indicates the quality (or the extent of the imperfections) of the transmitter.   Gain and phase imbalance, phase noise and modulation accuracy all impact EVM.  It is defined as the magnitude of the error vector between the vector representing the actual transmitted signal and the vector representing the error-free modulated signal.  The purpose of this contribution is to examine the impact on the RMS, peak and 95th percentile EVM measurements of the smooth compression technique discussed in [1].  
2 EVM Definitions and Measurement Technique
The measurement methods for RMS EVM, peak EVM and 95th percentile EVM are defined in section 4.6.2 and Annex G of 3GPP TS 45.005 [3], and in section 13.17.1.4 of 3GPP TS 51.010 [4]for 8PSK modulation. In the simulations for this contribution, this measurement method is also used on M-QAM modulation.  The following steps summarize the EVM measurement method.
Both the error-free ideally modulated complex baseband signal and the signal with modulation error pass through a measurement filter which is specified in section 4.6.2 of document [3]. The impulse response of the measurement filter is depicted in Figure 1.
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Figure 1 - Measurement Filter Impulse Response

The signals are sampled at the symbol intervals. It is assumed that the symbol sample timing is perfectly aligned with the signals.
The complex error vector is defined as:
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where 
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is the sample of the signal with modulation error and 
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 is the sample of the ideally modulated signal without error.

The symbol EVM is measured on the useful part of one burst.  It is defined as:
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The burst RMS EVM is defined as:
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The burst peak EVM is measured on the useful part of each burst.
The final RMS EVM is taken from the maximum value of the burst RMS EVMs over at least 200 bursts.  The final peak EVM is taken from the average value of the burst peak EVMs over at least 200 bursts.  The final 95th percentile EVM is taken from the 95th percentile value of all symbol EVMs over at least 200 bursts.

3 Simulation Results

The following figures and the table present the EVM simulation results for 8PSK, 16QAM, 32QAM, and 64QAM modulations with smooth compression. 400 bursts are tested for each EVM simulation.  Note that the EVM measured in these simulations is due to the modulation accuracy only.  Other impairments that degrade EVM (such as gain imbalance, phase imbalance, and phase noise) have not been included in this simulation.
Figure 2 shows the time domain waveform capture of a single burst before and after the smooth compression technique is applied.  Figure 3 is a closer view of a few of the peaks.  The target peak to average power ratio (PAR) selected was 4 dB, and the target minimum to average power ratio (MAR) was -15 dB.  [image: image7.emf]0 20 40 60 80 100 120 140 160
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Figure 2 - Signal Burst Before and After Compression
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Figure 3 - Close View of Signal Burst Before and After Compression

Figure 4 and Figure 5 show examples of the relationship between different target PAR compressions and the three different EVM metrics.  The bold straight lines represent the specification for each metric.
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Figure 4 - EVM vs. Target PAR for 32QAM with MAR=-15
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Figure 5 - EVM vs. Target PAR for 16QAM with MAR=-15

Table 1 summarizes the EVM simulation results for different peak to average power ratio reduction and a fixed target minimum to average power ratio of -15 dBm.  The 3GPP EVM specification for 8PSK is also included in this table for comparison.  As there are no EVM specifications for QAM modulation yet, we are applying the EVM specification for 8PSK to QAM.  
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PAR=1dB PAR=2dB PAR=3dB PAR=4dB PAR=5dB PAR=6dB

RMS EVM 17.8% 9.1% 1.1%

8PSK 95th Percentile 35.9% 19.4% 1.7%

Peak EVM 39.1% 22.2% 3.2%

RMS EVM 13.2% 6.4% 4.1%

16QAM 95th Percentile 23.1% 11.6% 7.4%

Peak EVM 40.7% 20.8% 13.4%

RMS EVM 12.4% 7.6% 5.7%

32QAM 95th Percentile 22.5% 12.6% 9.7%

Peak EVM 38.6% 22.4% 15.7%

RMS EVM 9.3% 5.8% 5.6%

64QAM 95th Percentile 14.5% 10.6% 9.6%

Peak EVM 30.3% 17.7% 16.2%

MS Normal MS Extreme BTS NormalBTS Extreme

Spec  RMS EVM 9% 10% 7% 8%

(8PSK) 95th Percentile 15% 15% 11% 11%

Peak EVM 30% 30% 22% 22%


Table 1 - EVM Simulation Results Summary
Summary
As previously indicated, the simulation results only include the EVM impacts from modulation accuracy changes.  It can be seen that as the PAR is reduced, the compression technique employed exceeds the EVM requirements at around 3.7 dB PAR for both 16QAM and 32QAM (limited by the 95th percentile EVM measurement).  However margin in these specifications must be allowed for typical hardware impairments as well, which are not taken into account in these simulations.  Hence there is a very strong likelihood that there will be difficulty in meeting the EVM specifications when the PAR is reduced using this technique. 
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