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1. Introduction

This contribution presents a modifiable model for a Power Amplifier (PA) that can be used as a baseline for contributions showing ACLR and spurious performance. 
The model is scaled to the following parameters:

· Output clip power of 33 dBm
· Small signal gain of 25 dB

Both of these are user modifiable.  The 33 dBm clip point is based on the assumption of a Post-PA loss due to duplexer and output switching of 4 dBm, an output of 23 dBm and a peak to average of 6 dB. Due to MPR considerations, differences in duplexer design, different per-band-performance of duplexer or different switching losses, the PA model can be configured to run for other clipping powers. See diagram below for basic UL TX diagram for reference.
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2. Power Amplifier Model
The PA is modeled as a variable gain block: 

Out = G(|In|) * In
Where Out and In are described in complex baseband and |In| is the complex magnitude of the input, G is a function of |In| describing am-am and am-pm behaviour. The Gain function G(|In|)  is modeled as the summation of a number of polynomial terms as follows:
G(|In|) = G0 + G1 * |In| + G2 * |In|2 + G4 * |In|4 + G6 * |In|6 + …

Where |G0| is the small signal gain of the PA: currently set to 25 dB. Note that most of the odd terms are set to zero: this is based on experience on fitting these models. The even terms G2 G4 G6 lead to efficient description of cubic, fifth and seventh order intermodulation.

This formulation is adequate to describe intermodulation behaviour and will not address harmonics. It is suitable to predict ACLR and close in spurious behaviour. The parameters of the polynomial are trained from lab acquisitions of input and output data from commercially available PAs. The results presented here are from one such acquisition. 
The following diagram illustrates the application of the above equation. Note also:
· Input clipping ( at 11.2534 dBm equivalent to 33 dBm at the output)
· Noise Figure block location (not necessary for the model)

· Scale factor application for unit conversion into Model units and out again
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As the model was developed from lab acquired data, some range limitations apply. The idea is to clip the input data to the model not to exceed the range used for the training model (as illustrated above). In the case of the model presented here the output peak is limited to 33 dBm while the corresponding value for the input is 11.2534 dBm. An input and output magnitude plot (in dBm) shown below demonstrates a smooth clipping to 33 dBm output in magnitude; the phase change plot below that illustrates a more abrupt change in Input/Output Phase. Note that this clipping is equivalent to saturating the magnitude of the input signal in order to reduce its peak to average. A good rule of thumb for the maximum number of clipping events allowed is 0.1% of the CCDF of the input, at this point the spectral and EVM damage done by the clipping is minimal.
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3. Model Output Results
For 5 MHz 16 QAM LTE full occupancy

UTRA ACLR1 = 42 dB & ACLR2 = 52 dB;
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For 5 MHz QPSK LTE full occupancy

UTRA ACLR1 = 40 dB & ACLR2 = 52 dB;
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For 20 MHz QPSK full occupancy

UTRA ACLR1 = 38.6 dB ACLR2 = 44.2 dB
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For 20 MHz 16 QAM full occupancy

UTRA ACLR1 = 36.5 dB ACLR2 = 41.2 dB
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Annex: Model Parameters & Matlab Scripts
Basic Parameters:
Pars = [-3.452489+i*17.44443 -12.20625-i*7.170803 30.17531+i*7.888117 -68.15352+i*23.34814 126.9468-i*81.81833 -123.9129+i*88.44066 59.45867-i*41.83404 -11.19044+i*7.41495].’

Powers = [0,1,2,4,6,8,10,12]

Small signal gain (SGain) = 25 dB

Input clip point (XmaxdBm) =  11.2534 dBm

Output clip point (YmaxdBm) = 33 dBm

PA Model

In  = In *ScaleFactor;
Out = ( abs( In) .^ Powers)*Pars .* In;
Out = Out / ScaleFactor;
ScaleFactor:
The data as acquired in the lab is based on a peak envelope 50 Ohm assumption, i.e., power is defined as

P (Watts) = V2 / (2*50) 

That is, to convert the model to 50 Ohm rms data use a ScaleFactor of sqrt(2). To convert the model to accept one Ohm rms envelope input  and output use a ScaleFactor of 10 (sqrt( 2 * 50 Ohms)). 

To change the small signal gain (to SGain dB) without modifying the output clipping point:

XmaxdBm     = XmaxdBm + 20*log10(abs(Pars(1)))-SGain;
Pars        = (10^(SGain/20)/abs(Pars(1))).^(Powers+1).*Pars;
YmaxdBm     = 20*log10( abs( sum( ((10^((XmaxdBm-30)/20))*ScaleFactor).^(Powers+1).*Pars / ScaleFactor)))+30;
To change the output clipping point (from YdBm to YmaxdBm):
YdBm    = 20*log10( abs( sum( ((10^((XmaxdBm-30)/20))*ScaleFactor).^(Powers+1).*Pars / ScaleFactor)))+30;
KdBm    = YmaxdBm - YdBm;
Pars    = 10^(KdBm/20)*10^(-KdBm/20).^(Powers+1).*Pars;
XmaxdBm = XmaxdBm + KdBm;
