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1. Introduction

Results from coexistence and emissions studies are heavily dependant on the choice of PA model. The UE PA market has recently witnessed the emergence of multi-mode (MM) devices capable of operating in multiple transmission bands. These devices offer considerable performance advantages over previous generation RFIC UE amplifiers in terms of gain, linearity and efficiency. To ensure the accuracy of coexistence and emissions simulation studies it is important to update the PA models employed so they reflect the latest technological trends in the UE PA field. To aid in this effort, we present a simulation model for a Band 1 PA inspired on the behavioral characterization of a latest generation MMMB PA device. Freescale provided a previous model based on commercial Band 5 PA [1].
2. Discussion

The model was derived on the basis of time envelope data captures taken at the input and output of a MMMB amplifier operating in Band 1. The signal used in the PA characterization process was an LTE 20 waveform with full spectral allocation (100 RBs) and a peak-to-average ratio (PAR) of 6.5 dB centered on a carrier frequency of 1950 MHz. The output power was adjusted to a level (27.6 dBm) that produced an UTRA ACLR1 = 33 dB (see Figure 1).
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Figure 1.  UTRA ACLR performance of PA at the characterization point
Under these conditions the PA exhibited a gain of 27.1 dB and a PAE of 40% for a nominal supply voltage of 3.4 V.

The model was built around a digital complex baseband representation of the amplifier nonlinearity in polynomial form:
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(Eq. 1)

where y(k) represents the captured time domain PA output envelope data samples and x(k) represents the captured time domain PA input envelope data samples. The gains of the different nonlinear terms are dictated by the complex coefficients cm. Model order is given by the parameter N. Based on our examination of the experimental data we set N=11, leading to an 11th order description of the PA nonlinear transfer characteristic:
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(Eq. 2)
The model was fitted to the data following the least squares criterion. The values of the computed model coefficients are shown in Table 1.

	Model coefficient
	Value

	c1
	1E7*(0.000001709697613 + 0.000001903678361i)

	c2
	1E7*(0.000020193875234 - 0.000020994024853i)

	c3
	1E7*(-0.000621408517052 + 0.000704049268528i)

	c4
	1E7*(0.008194943459256 - 0.011456044174392i)

	c5
	1E7*(-0.062752994604265 + 0.106015525190496i)

	c6
	1E7*(0.307326360302290 - 0.596920845867865i)

	c7
	1E7*(-0.990372877271365 + 2.111209067587505i)

	c8
	1E7*(2.081033927469443 - 4.713592428379805i)

	c9
	1E7*(-2.732897345768847 + 6.447563470501941i)

	c10
	1E7*(2.029896049970906 - 4.931831035631734i)

	c11
	1E7*(-0.649515576697331 + 1.615209965444777i)


Table 1.  PA model coefficient values
The model was used to predict the AM-AM and AM-PM transfer characteristics of the PA. Figures 2 and 3 show the measured AM-AM/AM-PM and the AM-AM/AM-PM amplifier responses computed using the model. In both cases the model provided a very good prediction of nonlinear PA performance (NMSE = 0.24%) 
[image: image5.jpg]Average output power

B

0

5
Average input power

[i]

10




Figure 2.  Measured and predicted AM-AM response
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Figure 3.  Measured and predicted AM-PM response

To further evaluate model quality, PA output power spectral density was predicted using the model and compared with the spectrum of the measured PA output signal (see Figure 4). Model prediction error was quantified in terms of E-UTRA ACLR1 metrics. Error values were very low implying that the predictive value of the model was high (E-UTRA ACLR1U/ACLR1L model errors were < 0.32 dB).
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Figure 4.  Measured and predicted PA output spectra

Please note that this model was designed for input average powers up to 0.5 dBm. Overdriving this model beyond this power requires extra care that is beyond the scope of the contribution. The assumption is that power is measured as Mean{|x|^2}/50 ≤ 0.5 dBm; where x is the baseband voltage equivalent.
3. Conclusion
In this contribution, we have presented a PA behavioral model suitable for coexistence and emissions simulation studies for Band 1. Results obtained with the model closely approximated the nonlinear transfer characteristics and the output spectrum of a latest generation MMMB PA operating in Band 1.
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