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1. Introduction

This contribution contrasts the performance of a traditional fixed supply and prototype ET system to the presence of distortions present in the UE baseband for single RB allocations, specifically IQ offset and quadrature error. 
ET is a method for improving PA efficiency and in-band linearity. It is being pursued by companies as a means of extending the operational power range of practical amplifier designs. The principles of ET were discussed in [1]. Used in boost mode, an envelope tracking power supply freed from normal thermal dissipation constraints, can provide a higher voltage than would be possible using a linear supply.   

Controlling the supply voltage as a function of the calculated IQ magnitude introduces a feed forward control loop. A common method for using envelope tracking is to control the supply voltage, Vcc, to deliver constant, or near constant, gain from the highest desired output power, over a range of some 10-20 dB below that. 
A limitation of power supply control is that the RF transmission impairments in a practical UE implementation are not reflected in the baseband envelope signal. In attempting to maintain the correct magnitude component of the signal, the ET feed forward control loop generates unwanted images. This in itself is not an issue if the UE radio introduces no IQ errors since the spectral regrowth resulting from the main distortions from a conventional PA (non-linear AM/AM and AM/PM), do not create the same kind of spurious products caused by IQ distortions.
However, in a practical UE, with non-zero IQ errors, an ET system can generate intermodulation signals, which are most evident when the power spectral density is at its highest, i.e. in the case of a single RB allocation.

Figure 1 shows an example of the IQ errors seen at the output of a typical UE measured by Agilent’s VSA software, operating with a single RB allocation in a 10 MHz, 50 RB configuration. The results are from a single, random UE sample using a conventional PA, operating at + 6.6 dBm. At full power, the spectrum will normally show considerably higher EVM and adjacent channel distortion , due to the non-linearity in the PA. 

These results indicate the nature of the impairments. They are not intended to define the signal levels for any individual device. 
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Figure 1: Sample of unwanted intermodulation signals from a single RB allocation feeding an envelope tracking system with typical IQ errors seen in a practical UE

2. Impairments and Measurement Results
2.1 Generation of defined IQ impairments
Figure 2 shows the user interface used to make IQ signal modifications and define the transmission allocations.  The IQ impairments are implemented in the RF signal generator hardware. The stepped offset in the allocation makes it easy to see the frequency dependence of any impairment produced in later testing. 
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Figure 2: Application of I offset and IQ quadrature angle adjustment to generate defined levels if IQ offset and in-band image.

2.2 Test configuration & measurement results
The configuration of the DUT and test equipment is shown in Figure 3. The envelope waveform was first calculated from the input LTE (IQ) waveform, and then modified to optimize PA linearity using a table describing the PA supply voltage required for constant gain as a function of RF input power. Such a corrected supply voltage linearizes the PA gain i.e. the AM/AM characteristic is chosen to be flat. (Other envelope modifications are possible which optimize PA efficiency.)
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Figure 3: Test configuration using test equipment and software applications
The bandwidth of the envelope signal increases as with the RB allocation. It does not depend directly on the location of the allocation within the band. However, the distortion mechanisms in an ET system do introduce intermodulation signals with a more complex frequency relationship.

Figure 4 shows the result of using an ET PA to amplify the signal with the time varying allocation shown in figure 2. The red lines show the relative change in frequency of each signal components, allowing their rapid identification.
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Figure 4: Spectrogram (upper trace) showing the variation in frequency of intermodulation components as a function of the allocation‘s offset frequency. Vertical axis is time, horizontal is frequency. The lower trace shows the spectrum during the subframe specified by the white line.
Adding variable levels of IQ impairment allows the difference between ET and fixed supply operation to be explored. 

Figure 5 gives an indication of the difference in impact of IQ errors on a conventional and an ET PA. The top row shows results in ET mode, the bottom row in fixed supply. In the left-hand column, the test signal has very little error, and moving from top to bottom, from ET to fixed supply operation, there is little change in the output signal. 
In the middle column, a 0.3 degree quadrature error has been added to the signal. In the lower middle trace, the in-band image signal with a fixed supply is now ~ 52 dB below the level of the wanted signal. There is a small increase in the intermodulation component to the left of the wanted signal, which has the same frequency offset as the in-band image.  As shown in the upper centre trace, when ET is operating that out-of-band signal rises considerably, by approximately 15 dB.        

The right hand column indicates a linear relationship in quadrature error and image level, as the impairment is increased from 0.3 to 0.6 degrees. 
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Figure 5: Measurement of the effect of a quadrature error in envelope tracking and fixed supply cases.
In the next test, an IQ offset has been added to the signal to the 0.3 degree quadrature error. As shown in the right hand trace of figure 6, with a fixed supply this gives the expected increase in centre frequency feed-through.  The left hand trace shows how when operating in ET mode, the additional image created below the carrier is ~ 20dB higher than for the fixed supply case.  The left-most intermodulation is little changed by the addition of the IQ offset. 
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Figure 6: Addition of IQ offset at -40 dBc introduces a further image below the frequency of that caused by a quadrature error
The final impairment checks the situation with level clipping, but no IQ error. Here, as shown in figure 7, operating in ET mode does not show any significant generation of spurious signals. 
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Figure 7: The ET system with clipped or unclipped signals does not show the image creation seen when IQ errors are present

The results show that, when operating in envelope tracking mode:
· An IQ offset generates raised levels of out-of-band intermodulation components, compared to operation with a fixed supply, at multiples of the frequency difference wanted signal and centre frequency 
· IQ timing misalignment also generates raised levels of intermodulation components, in the case examined, at half the frequency offset of the previous impairment  

3. Conclusion
This contribution shows the generation of IQ offset and a defined level of in-band image using functions available in standard signal generation hardware. It shows the relationship in frequency and level of out-of-band spurious signals when operating with a single RB in the presence of IQ errors.  
While the bandwidth of the envelope signal is at its lowest when using a single RB allocation, potentially easing the task of the ET power supply, the power spectral density of intermodulation components is at its highest. 

The performance of specific envelope tracking systems may vary from these results, but the measurements indicate that the impact of ET depends on the assumptions about the impairments of the test signal. Care is required when defining test conditions to ensure that performance requirements are met, under all expected operating conditions. 
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