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1 [bookmark: _Ref298777854]Abstract
This document describes typical satellite payload characteristics and illustrates its impact on NTN signals.
2 Problem Statement
A key component in the satellite payload architecture is a power amplifier (PA). It exhibits nonlinear behavior when driven near saturation in an effort to increase power efficiency. Nonlinear distortion impacts performance in two major ways. One is spectral regrowth causing interference in adjacent frequency bands, and possibly violating spectral masks set by regulatory bodies. The other impact is in-band distortion causing constellation warping and clustering, thus complicating signal reception. One measurement that determines the vulnerability of the transmitted signal to nonlinear distortion is the peak-to-average power ratio (PAPR), with higher values associated with worse impact. 
Furthermore, OFDM and its variations add another level of multicarrier feature as they are composed of superposition of narrowband orthogonal subcarriers, resulting in higher PAPR values compared with traditional single-carrier modulation (SCM) schemes. DFT-spreading provides a way to reduce the PAPR values, hence achieving better power efficiency in terms of operating the PA.
3 Typical Satellite Payload Characteristics
The amplitude and phase distortions introduced by a PA, in terms of amplitude modulation (AM)/AM and AM/phase modulation (PM) conversions are shown in Figure 1 for typical traveling-wave tube amplifiers (TWTAs), often used by satellites.  Similarly, solid-state power amplifiers (SSPAs) can also be characterized by AM/AM and AM/PM conversions. The horizontal axis in the figure is the amount of input back-off (IBO) that is used relative to the saturation point. The output back-off (OBO) represents the amount of power measured at the PA output with respect to the saturation point.  The amplifier is nearly linear, but inefficient when operating with large IBO.  For efficient operation, it is driven close to saturation, becoming highly nonlinear.

The OBO represents the amount of available power that is not used or wasted.  As power is at a premium for satellites, operating point in terms of amplifier back-off is a delicate tradeoff between power efficiency and distortion to the signal.
[image: ]
[bookmark: _Ref513646182]Figure 1. Typical AM/AM and AM/PM characteristics of a TWTA.
 
4 Impact on OFDM and DFT-Spread OFDM Signals
The amount of distortion caused by nonlinear amplifier characteristics is a function of the PAPR of the signal.  The greater the PAPR, the greater the distortion can be.  With OFDM, the PAPR is a function of the number of subcarriers in the signal, as well as the underlining modulation.  As an example for a typical satellite link with 16-QAM modulation, Figure 2 shows the PAPR in terms of complementary cumulative distribution function (CCDF) associated with an N = 512 subcarriers OFDM signal.  Also included in the figure are the results of DFT-spread OFDM when using localized subcarrier mapping with M = 128. Relative to OFDM, it can be seen that the 99.9-percentile of PAPR is 2.4 dB lower when using DFT-spreading with localized subcarrier mapping. This can result in reduction of OBO by more than 1 dB when a typical TWTA satellite transponder is used.
If the amplifier is only used to transmit a single carrier with QPSK modulation, the OBO can be reduced to less than 1 dB.  About 2 dB additional OBO may then be required to carry an OFDM signal at the same symbol rate.  But, this is a relatively unusual case.
[bookmark: _GoBack]Typical satellite links carrying 16-QAM or higher-order constellation require the amplifier to be operated at quasi-linear region with OBO of 2 to 3 dB.  For such cases, no additional back-off may be required.  No impact is expected also.
Oftentimes, satellite transponders are sufficiently wide to accommodate more than one frequency-division multiplexed (FDM) carriers. To minimize the intermodulation between these carriers within the same transponder, it is a common practice to back-off the satellite amplifier output by 2.5 dB or more without even considering the format of the signal.  For such cases, the distortion introduced by the amplifier nonlinearity is relatively small, with practically no impact on either the forward or return links.
[bookmark: _Ref513648447][image: ]
[bookmark: _Ref513649921]Figure 2. CCDF of PAPR for OFDM signal versus DFT-spread variation when 16-QAM is used.
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