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1.  Introduction
The purpose of this paper is to demonstrate the required PA backoff for LTE waveforms.  The paper provides LTE measurement data on a state-of-the-art Freescale Semiconductor power amplifier.  The results presented here represent the most current power de-rating results for the LTE uplink.
In addition, this paper shows that cubic metric is a reliable predictor of power de-rating.  However, the paper presents the EVM characteristics of the modulation as well which are not represented by cubic metric.
2. Description of Measurement Setup and PA module
Many of the measurements in this paper were made with off-the-shelf equipment.  Where off-the-shelf equipment was not available corresponding measurements were made using custom software.
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Figure 1.  Measurement setup.

3. Description of the PA Module
The PA is a W-CDMA transmitter module.  It is a 3GPP Class 3 module, providing at least 24dBm at the antenna.   The PA module is a GaAs HBT device.  
4. Measured Results
The following section presents measured results for W-CDMA voice only, EDGE, DFT-SOFDM and OFDM.  The results show EVM, gain and efficiency as well as ORFS.  ORFS were measured according to the W-CDMA mask[1] for all modulation types with the exception of EDGE which was measured according to the EDGE mask[2].  The main thing to observe in these plots is the knee in the curves where the PA stops accurately modulating the waveform.
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Figure 2.  Gain, Efficiency and EVM for W-CDMA voice only.
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Figure3.  ORFS for W-CDMA
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Figure 4.  Gain, Efficiency and EVM for EDGE.
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Figure5.  ORFS for EDGE.
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Figure 6.  Gain, Efficiency and EVM for DFT-SOFDM.
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Figure 7.  ORFS for DFT-SOFDM.
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Figure 8.  Gain, Efficiency and EVM for OFDM.
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Figure 9.  ORFS for OFDM.
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Figure 10.  EVM vs. power out for W-CDMA, EDGE, DFT-SOFDM and OFDMA.
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Figure 11.  Curve fitting for PA backoff vs. PAR.

5. Conclusions
In conclusion, DFT-SOFDM requires around 2dB of backoff from W-CDMA voice only in order to accurately modulate the waveform.  This matches what is predicted by cubic metric, and fairly accurately predicted by a fitted PAR curve.  EVM is an important consideration that is not represented in the cubic metric formulation of the problem.   Also, for 5MHz wide modulation, existing components can modulate LTE and still meet the W-CDMA mask.  
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