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Abstract

Orthogonal Time Frequency Space (OTFS) modulation has emerged as a leading candidate for 6G wireless systems due to its
exceptional robustness against high mobility and frequency-selective fading channels. However, its multicarrier structure
inherently generates a high Peak-to-Average Power Ratio (PAPR), making OTFS signals highly susceptible to nonlinear
distortions introduced by High Power Amplifiers (HPAs). This paper investigates the impact of HPA nonlinearity on OTFS
transmission in terrestrial radio environments, using the Rapp model to characterize amplifier behavior. We evaluate key
performance metrics including PAPR, Complementary Cumulative Distribution Function (CCDF), Bit Error Rate (BER),
Adjacent Channel Power Ratio (ACPR), and amplifier efficiency under varying Input Back-Off (IBO) values (0.5 dB to 4 dB).
Our results demonstrate that OTFS exhibits a significantly higher PAPR than conventional 16-QAM, necessitating a larger IBO
to avoid saturation. While increasing IBO improves linearity and reduces BER particularly in realistic Rayleigh fading channels
it comes at the cost of drastically reduced amplifier efficiency, dropping from 70% at IBO = 0 dB to below 15% at IBO = 6 dB.
Furthermore, nonlinear amplification severely degrades spectral purity: ACPR deteriorates from -37 dB (before amplification) to
-15 dB (after amplification), indicating a 22 dB increase in out-of-band emissions and a substantial risk of interference with
adjacent channels.
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1. Introduction

Wireless communication systems are undergoing rapid
evolution, driven by increasing demands for data rate, mobil-
ity, reliability, and spectral efficiency. In this context, Or-
thogonal Time Frequency Space (OTFS) modulation has
emerged as a promising technology for 6G networks, offering
exceptional robustness against frequency and time-selective
channels particularly in high-mobility environments. Unlike
conventional multicarrier modulations such as OFDM (Or-
thogonal Frequency Division Multiplexing), OTFS operates
in the delay-Doppler domain, enabling uniform signal energy
distribution and enhanced resilience to fading. However,

despite its numerous advantages, the OTFS signal suffers
from a major drawback: high Peak-to-Average Power Ratio
(PAPR). This high PAPR makes the signal particularly sen-
sitive to nonlinearities in High Power Amplifiers (HPA),
which are essential components in any radio transmission
chain. This paper aims to conduct a thorough analysis of the
impact of power amplifier nonlinearities on OTFS signals,
considering key parameters such as BER, ACPR, PAPR, and
amplifier efficiency. A comparative study is performed across
various IBO values using the Rapp amplifier model adapted
for terrestrial radio transmissions. This paper makes several
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original and relevant contributions to the field of wireless
communications. It investigates the effects of distortion in-
troduced by nonlinear High Power Amplifiers (HPAs) from
multiple perspectives. Rather than relying on a single per-
formance metric, the study proposes a multidimensional
evaluation that integrates: PAPR, BER over realistic channel
conditions (AWGN and Rayleigh), spectral purity via ACPR,
and amplifier power efficiency. A key finding of the paper is
the demonstration that preserving performance i.e., achieving
a BER close to the ideal case requires a high Input Back-Off
(IBO), which in turn leads to a drastic reduction in amplifier
efficiency. Furthermore, the paper shows that nonlinear dis-
tortion severely degrades spectral purity, significantly wors-
ening the ACPR. This result highlights a substantial risk of
inter-channel interference that must be accounted for in
OTFS-based systems and underscores the necessity of cor-
rective techniques such as digital predistortion for practical
deployment. These contributions provide valuable insights for
engineers and researchers working on the design, evaluation,
and standardization of future 6G wireless communication
systems.

2. Literature Review

Orthogonal Time Frequency Space (OTFS) modulation has
attracted growing interest as a leading candidate for future 6G
wireless networks due to its exceptional robustness in
high-mobility environments and in the presence of frequen-
cy-selective fading. While numerous studies have investi-
gated OTFS from the perspectives of channel estimation,
equalization, and receiver-side detection, only a few have
addressed the impact of real-world transmitter impairments
particularly the nonlinear distortion introduced by High
Power Amplifiers (HPAs).

It is worth noting that extensive research exists on the ef-
fects of HPA nonlinearity on traditional waveforms such as
OFDM. In contrast, studies focusing on OTFS modulation
remain very limited. A few recent works have started ex-
ploring HPA behavior when amplifying OTFS signals, but
they typically focus exclusively on Bit Error Rate (BER) for
example, as in [16]. Other studies, such as [17], propose
PAPR reduction techniques for OTFS signals without exam-
ining the impact of nonlinearity on amplifier power efficien-
cy.

Notably, no published work to date provides a compre-
hensive, multi-dimensional evaluation of HPA nonlinearity
on OTFS signals that jointly considers BER, Adjacent
Channel Power Ratio (ACPR), Input Back-Off (IBO), and
amplifier efficiency.

These gaps are critical: although OTFS promises out-
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standing reliability in theory, its practical deployment hinges
on its ability to coexist with real hardware limitations espe-
cially those imposed by nonlinear power amplification. The
findings presented in this paper assist 6G system designers in
delivering users a reliable network with low energy con-
sumption.

3. Research Methodology

This study aims to analyze the impact of power amplifier
nonlinearities on OTFS-modulated signals in the context of
terrestrial radio communications. The adopted methodology is
based on a simulation-driven approach that combines OTFS
signal modeling, nonlinear amplifier characterization using
the Rapp model, and quantitative evaluation of several key
performance metrics. The following steps were carried out:

Step 1: Initialization of simulation parameters

Step 2: Generation of information bits

Step 3: OTFS modulation

Step 4: Signal amplification

Step 5: OTFS demodulation

Step 6: Performance metric evaluation

This methodology clearly identifies the trade-offs among
signal quality, spectral integrity, and power efficiency in
OTEFS systems subjected to high-power amplifier distortions,
and provides a solid foundation for the development of future
corrective solutions (e.g., digital predistortion, PAPR reduc-
tion techniques, etc.).

4. Operating Principle of Power
Amplifiers

In telecommunications systems, the signal after undergoing
various stages of coding, modulation, and upconversion to the
carrier frequency is amplified to withstand the attenuation
caused by free-space propagation. A High Power Amplifier
(HPA) is therefore an electronic device that converts an input
signal into an output signal with significantly higher power.

4.1. AM/AM (Amplitude/Amplitude) and
AM/PM (Amplitude/Phase) Transfer
Characteristics of a Power Amplifier

The curve showing the variation of output power as a
function of input power of a power amplifier is also referred to
as the AM/AM characteristic. It exhibits a typical shape for all
amplifiers (see Figure 1).
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Figure 1. AM/AM characteristics.

The AM/AM characteristic of a power amplifier is divided
into three regions [1-10]:

Linear zone: In this region, the amplifier exhibits linear
behavior. The output power is proportional to the input power,
with the proportionality factor known as the amplifier gain.
Input power levels are low. In this region, distortions caused
by nonlinearity are nonexistent. When operating with suffi-
cient back-off to avoid distortions, the amplifier functions
within this linear region.

Compression zone: In this region, output power is no longer
proportional to input power. The curve begins to bend,
marking the onset of nonlinear behavior. Signal distortions
appear and become increasingly significant as input power
rises. The amplifier gain decreases for high input power levels,
which is why this region is referred to as the gain compression
region. The 1-dB gain compression point lies within this
region; it is defined as the point where the difference between
the actual gain curve and the ideal linear gain equals 1 dB.
This point is a key characteristic of the power amplifier.

Saturation zone: In this region, the output power remains
nearly constant regardless of further increases in input power.
This constant output power level is referred to as the satura-
tion power, which is another fundamental characteristic of the
power amplifier.

The curve showing phase shift as a function of input am-
plitude is called the AM/PM transfer characteristic. It has no
standard shape; it varies depending on the amplifier’s design
technique and operating conditions.

In short, amplification is a nonlinear operation characterized
by amplitude compression (AM/AM) and phase shift at the
output (AM/PM).

4.2. Amplifier Efficiency

A power amplifier is an energy converting device featuring
two inputs: the power supply and the signal to be amplified
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and one output for the amplified signal.

The amplifier’s power supply delivers a total DC power
P;., which ideally should be entirely converted into useful
output signal power P;, with no conversion losses. Unfortu-
nately, in practice, a portion of the input power is inevitably
lost as dissipated power Py;s; within the amplifier (Figure 2).

Power efficiency expresses the ratio between the output
power and the power supplied by the power source. This
parameter provides information about the amplifier's power
consumption. It is given by Equation (1):

Ps

Mbc = P )]
Pac
Pisss

Figure 2. The various power components of a power amplifier.

4.3. Input Back-Off and Output Back-Off

To avoid or at least mitigate the detrimental effects caused
by amplifier nonlinearity, the amplifier is often oversized i.e.,
operated with a certain amount of back-off to ensure operation
within or near the linear region. This back-off is typically
referenced either to the 1-dB compression point or to the
saturation power level. The resulting parameters are known as
Input Back-Off (IBO) and Output Back-Off (OBO), which are
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useful for quantifying the degree of amplifier oversizing.

Let P, denote the input signal power and P; the corre-
sponding output power, P 145 the output power at the 1-dB
compression point and P, ;45 the corresponding input power,
and Ps,e the output power at saturation with P, ¢, the
corresponding input power.

Input Back-Off (IBO), typically expressed in dB, is the ra-
tio between the input-referred saturation power P, ¢,¢ and the
actual input signal power P,, or alternatively, the ratio be-
tween the input power at the 1-dB compression point P, 145
and the actual input signal power P,.

IBO = 10log™% = P, 1, (dB) — P.(dB) )

Pe
1BO =10 10g%"3 = P, 145(dB) — P,(dB) 3)
Output Back-Off (OBO) is the ratio between the saturation
output power Ps ¢4, and the actual output signal power P, or
alternatively, the ratio between the output power at the 1-dB
compression point P45 and the actual output signal power
P;.

0BO = 1010g=2% = Py 1, (dB) — R(dB) 4)

0BO =1010g™2% = P, ,45(dB) = B,(dB) ()

4.4. Mathematical Modeling of Power Amplifier

In this article, we will discuss and use memoryless models
of amplifiers.

The input-output relationship of a power amplifier is given
by Equation (6):

y() = Flx(t)] (6)
where F[ ] is a nonlinear function, x(t) is the input sig-
nal to the amplifier, and y(t) is the output signal.

As previously mentioned, nonlinear amplification of a
signal affects both its magnitude and phase. Therefore, the
output signal of the power amplifier can also be expressed as:

y(t) = FA[A(t)]_ej(Fw[A(t)]+<p(t)) 7
where A(t) and ¢(t) are the amplitude and phase of the
signal x(t), respectively; F,[A(t)] describes the AM/AM
transfer characteristic (amplitude distortion), and F,[A(t)]
describes the AM/PM transfer characteristic (phase distortion)
of the amplifier [1-10].

Polynomial model

For the polynomial model, F4[A(t)] and F,[A(t)] are
given by:
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FIAWM] = 5,2, (21D e @)
FylA®)] =0 ©)

The polynomial model is the simplest model for nonlinear
behavior of a power amplifier.

Rapp model

The Rapp model is used to model solid-state power ampli-
fiers (SSPAs) employed in terrestrial radio transmissions. For
this model, the AM/AM and AM/PM transfer characteristics
are expressed as:

FolA(8)] = — 22420
ez "
F,[A®)] =0 (11)

p is an integer often referred to as the "knee factor", it
controls the smoothness of the transition between the linear
region and the saturation region of the amplifier's AM/AM
transfer characteristic. Gpy4 is the amplifier gain in the linear
region, and Agg; is the saturation amplitude.

Saleh model

The Saleh model characterizes traveling-wave tube ampli-
fiers (TWTA) used in satellite communications. For this
model, the AM/AM and AM/PM transfer characteristics are
expressed as follows:

aglA(®)]

RA®)] = 2O (12)
_ a(p[A(t)]z
FolAO] = 5 hor (13)

Where a, = 1.9638, B, = 0.9945, a, = 2.5293, B, =

2.8168 .These values were obtained from experimental
measurements in a multi-carrier transmission scenario.

5. OTFS Modulation

5.1. Fading

The transmitted signal therefore undergoes reflections, re-
fractions, diffractions, and scattering during propagation
through the channel. Consequently, the receiver captures a
series of echoes arriving from various paths. These echoes can
combine constructively or destructively at the receiver, lead-
ing to signal fading (or attenuation). The impulse response of
the multipath channel, denoted h(t), is given by Equation
(14):

h(t) = S50 he. 8t — 7,). 9% (14)
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Where:

M: number of multipath

h;: channel gains for the individual paths

7;: the respective delays of each path

6(t): Dirac impulse

0;: phases associated with each path.

Denoting t,,,, as the maximum delay beyond which the
channel gains h; along the various paths become very small,
we obtain a condition that helps minimize inter-symbol in-
terference (ISI) (Equation (15)):

Ts > Thax (15)
Where T is the symbol duration.

5.2. Coherence Bandwidth

By transitioning to the frequency domain, one can define

DSP
”
Nawavya
\J Been
f
@

the concept of coherence bandwidth. It is frequency range for
which the amplitude of the transmitted signal's spectrum is
modified in the same manner, and it is expressed as:

1

(16)

Beon =
Tmax

5.3. Frequency-Selective Channel

If the signal bandwidth (W) is less than the coherence
bandwidth, the channel is said to be non-frequency-selective.
Consequently, the channel impulse response is considered
constant over the signal's bandwidth. If the signal bandwidth
exceeds the coherence bandwidth, the channel is said to be
frequency-selective. Figure 3 illustrates this concept of a
frequency-selective channel.

DSP
.
\V e
f
Bcc'|
b)

Figure 3. Frequency selectivity of the transmission channel (a: frequency-selective channel, b: non-frequency-selective channel).

5.4. Principle of OTFS Modulation

Multicarrier modulation aims to mitigate the effects of

frequency selectivity of the channel, thereby achieving a
locally flat channel response at the level of each subcarrier.

OTES (Orthogonal Time Frequency Space) is widely re-
garded as one of the key technologies for 6G networks, par-
ticularly to meet extreme requirements in terms of mobility,
reliability, ultra-low latency, and spectral efficiency [11-15].
Figure 4 illustrates the principle of OTFS modulation.

Bits

2D
Mapping

Mapping ISFFT

Transmit
° | %‘ | E‘ CP Parallel
Window IFFT H to Serial

OTFS Pre-processing

OFDM Modulator

Figure 4. OTF'S modulation.

Step 1: Mapping
Conversion of bits into complex symbols using sin-

gle-carrier modulation QPSK, 16-QAM,
Step 2: 2D Mapping in the Delay—Doppler Domain
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The complex symbols are placed on a 2D grid:

1) Horizontal axis: delay index 1 (temporal delay)

2) Vertical axis: Doppler index k (frequency shift)

Data is organized in the delay—Doppler domain, not in the
time or frequency domain.

Step 3: ISFFT (Inverse Symplectic Finite Fourier Trans-
form)

This transformation converts the symbols x [k, [] from the
delay—Doppler domain into the time—frequency domain
X [n,m].

__1 yM-1vyN-1 jom(Bk_my
X [n,m] = =0 Zk=o X [k, e N M

N (17)

Step 4. Transmit Window

Filter the signal to reduce sidelobes and inter-symbol in-
terference (ISI).

Step 5: IFFT (Inverse Fast Fourier Transform)

OFDM modulation

Step 6: CP (Cyclic Prefix)

Append a copy of the beginning of the symbol to its end.
This is a standard technique in an OFDM system, which
prevents inter-symbol interference.

Step 7: Parallel to Serial

The time-domain samples are serialized to form a contin-
uous time signal.

Figure 5 illustrates the principle of OTFS demodulation.

Bits o
DeMapping Equalization SFET

Receive :
- H ‘ FFT k ‘ Serialto | |
Wmdow] }46[ Parallel

OTEFS Post-processing

Channel
Estimatiom

OFDM Démodulateur

Figure 5. OTFS demodulation

Step 1: Serial to Parallel

Conversion of the serial stream into parallel.

Step 2: Removal of the Cyclic Prefix

The cyclic prefix, which was added at transmission to avoid
inter-symbol interference, is removed here.

Step 3: FFT (Fast Fourier Transform)

Converts the time-domain signal into the frequency do-
main.

Step 4: Receive Window

Filtering to reduce spectral leakage and smooth transitions
between symbols.

Step 5: SFFT (Symplectic Finite Fourier Transform)

Converts the data from the time—frequency domain
Y[n,m] into the delay—Doppler domain y[k, [].

Step 6: Channel Estimation

Channel estimation is performed using pilot symbols in-
serted at transmitter. A pilot symbol is a symbol known in
advance by both the transmitter and the receiver. By com-
paring the transmitted and received symbols, the channel state
can be estimated.

Step 7: Equalization

Using the channel estimate obtained in the previous step,

the effects of the channel on the received symbols can be
compensated.

Step 8: DeMapping

Conversion of the estimated complex symbols into binary
bits using QPSK, QAM, ... demodulation.

6. Amplification of OTFS Signal

6.1. Simulation Parameters

Here are the parameters used in the simulation:

1) Modulation: OTFS

2) Mapping: 16-QAM

3) Number of subcarriers in frequency domain (N): 16

4) Number of subcarriers in time domain (M): 16

5) SNR (Signal-to-Noise Ratio): 0 dB —20dB

6) IBO: 0.5dB, 1.5dB, 3dB, 4dB

7) Amplifier model: Rapp model because we are in a ter-
restrial radio transmission context

8) AM/AM characteristics of a power amplifier:
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Rapp Model(p=3,Amplifier gain=4)

35

25}

15+

Qutput signal amplitude to the HPA
%]

0 0.5 1 1.5

2 25 3 35 4

Input signal amplitude of HPA

Figure 6. AM/AM characteristics of a power amplifier.

Agqr = 4: This value corresponds to a realistic saturation
amplitude within the operating range of many modern RF
power amplifiers based on GaN or Si LDMOS technologies
commonly used in telecommunications. It enables the simu-
lation of a realistic amplification scenario.

Gp, = 4: This gain is consistent with the typical charac-
teristics of power amplifier stages operating in C-band or
S-band, which are widely used in wireless infrastructure (e.g.,
5G/6G base stations). Such a gain level ensures sufficient
amplification while remaining compatible with the input
power levels of modern modems.

p = 3: This parameter controls the smoothness of the tran-
sition between the linear region and the saturation region of
the amplifier. A value of 3 represents a gradual yet realistic
transition, reflecting the behavior of contemporary solid-state
power amplifiers.

1) Programming environment: MATLAB 2023

2) Hardware specifications: CPU: Intel(R) Core i7-9750H,

GPU: NVIDIA GetForce RTX 2060, RAM: 16Go

6.2. Metrics for Measuring Amplifier
Nonlinearity

BER (Bit Error Rate):

It is a key performance metric in digital communication
systems that measures the number of erroneous bits received
divided by the total number of bits transmitted.

CCDF (Complementary Cumulative Distribution Function)
of PAPR (Peak-to-Average Power Ratio):

Equation (18) provides the general expression for the
PAPR. This parameter is defined as the ratio between the peak

power (B, ) and the average power (Py,,y) of the signal S(t)
over a time interval T:

max |S(t) |?

PAPR = Pmax — te[o,T]
Pmoy 7 [31S(t) 12dt

(18)

A high PAPR indicates that the signal exhibits large am-
plitude variations.
To evaluate the PAPR, the CCDF is used. This function
gives the probability that the PAPR exceeds a threshold value
1, and is expressed by Equation (19).

CCDF(y) = Pr [PAPR = ] (19)
The slower the CCDF decreases, the higher the probability
that the signal has a high PAPR.
ACPR (Adjacent Channel Power Ratio):
It is the ratio of the power that a communication system
transmits into the adjacent frequency channels to the power
that it transmits into the main frequency channel.

Power in adjacent channel

ACPR =

Power in main channel (20)
ACPR is an important parameter that is used to ensure that a
communication system does not interfere with the other
systems operating in the nearby frequency bands. If the ACPR
is low, the risk of interference with adjacent channels is low.

Amplifier efficiency
This metric has already been explained in Section 2.2.
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6.3. Results

1) Comparison of the CCDF between a single-carrier
(16-OAM) signal and a multi-carrier (OTFS) signal

From Figure 7, we deduce that the OTFS signal (mul-
ti-carrier) has a higher probability of exhibiting a high PAPR
than the 16-QAM signal (single-carrier). A high PAPR re-

quires a larger back-off (IBO or OBO) in power amplifiers to
avoid saturation and signal distortion. Although OTFS is
designed to be robust against frequency- and time-selective
channels, its multi-carrier structure tends to generate signals
with a wider amplitude distribution, resulting in a higher
PAPR.

0 CCDF of PAPR: 16-QAM vs OTFS
10 T T -~ T
-~
\ 16-QAM
\ — — OTFS
\
\
\
1
10"F \ J
\
W \
=) \
8 5
¥
\
102F S 1
\
1
\
\
|
10—3 L L L L L 1
Q0 2 4 6 10 12

PAPR (dB)

Figure 7. CCDF of PAPR: 16-QAM vs OTFS.

2) Influence of IBO on the operation of the power amplifier

Figure 8 shows the transfer characteristic of a power am-
plifier modeled according to the Rapp model, for different
IBO values. It can be deduced that for a low IBO (0.5 dB), the
amplifier exhibits nonlinear behavior. As the IBO increases,
the amplifier becomes more linear. For an IBO of 4 dB, the

AM/AM transfer characteristic is nearly linear. According to
the definition of IBO previously discussed, a low IBO means
the amplifier operates in the saturation region, while a high
IBO indicates operation in the linear region. The results
presented in this figure clearly confirm this behavior of the
power amplifier.

4 T T

35

bl g
tn &) o w
T

Qutput signal amplitude to the HPA

Transfer characteristic of the amplifier (Rapp Model) for different IBO values
T T T T

——BO=0.5 dB
— BO=1.5 dB
IBO=3 dB
IBO=4 dB

1
0.5 1 15 2

25 a5

Input signal amplitude of HPA

Figure 8. Influence of IBO on the operation of the power amplifier.
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3) BER for linear amplification (ideal case), nonlinear

amplification, and for different IBO values

We evaluated the BER over two channels:

1) AWGN (Additive White Gaussian Noise): This is an
ideal noise model, additive and uniformly distributed
across the entire frequency band. It serves as a reference
for evaluating the performance of communication sys-
tems, particularly in terms of Bit Error Rate.

AWGN channel

2) Rayleigh: This is a channel model in which there is no
direct line-of-sight (NLOS) between the transmitter and
receiver. In this channel, multiple propagation paths exist,
each undergoing independent fading. It represents a real-
istic scenario for wireless communication environments.

Figures 9 and 10 show the BER of OTFS modulation for

linear amplification (ideal case), nonlinear amplification, and
for different IBO values.

107"

BER

—#— MNonlinear HPA,IBO=0.5 dB

——t— Nonlinear HPA IBO=1.5 dB
Nonlinear HPA,IBO=3 dB

—#— Nonlinear HPA, IBO=4 dB

10-2 L | ==8— HPA linear

=@ MNonlingar HPA (saturation zone)

10 15 20

SNR (dB)

Figure 9. BER over AWGN Channel.

Rayleigh channel

10°

BER

iD= HPA linear

——tt—= Nonlinear HPA,IBO=0.5 dB

=== Nonlinear HPA,IBO=1.5 dB
Nonlinear HPA,IBO=3 dB

=—tt=—=MNonlinear HPA,IBO=4 dB

=== Nonlinear HPA (saturation zone)

10—2 L

x

10 15 20

SNR (dB)

Figure 10. BER over Rayleigh Channel.

All curves exhibit a high BER at low SNR, followed by a

rapid decrease as the SNR increases.
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The BER after linear amplification (green curve) is the
lowest, as it represents an ideal amplifier without nonlinear
distortion.

The BER after nonlinear amplification (light blue curve)
remains very high even at high SNR. Nonlinear amplification
thus saturates the signal and causes significant information
loss.

70

Amplifier efficiency as a function of IBO

We also observe that a higher IBO significantly improves
the BER: the higher the IBO, the closer the amplifier operates
to its linear region.

4) Influence of IBO on amplifier efficiency

Figure 11 shows the evolution of amplifier efficiency as a
function of IBO.

[55) B [4)]
[=} o o
T T T

Amplifier efficiency(%)

N
o
T

IBO(dB)

Figure 11. Amplifier efficiency as a function of IBO.

From this figure, we deduce that as the IBO increases, the
amplifier efficiency decreases.

Between IBO = 0 dB and IBO = 2 dB, efficiency drops
rapidly from 70% to 33%. This corresponds to the region
where the amplifier begins to exit saturation, reducing distor-
tion but at the cost of a significant loss in efficiency.

Between IBO = 2 dB and IBO = 6 dB, the amplifier effi-

-65 -

-75 -
-80 -

-85

PSD (dB/Hz)

-95 -

-100 [~

-105 -

ciency continues to decrease, but more gradually. We typi-
cally force the amplifier to operate in this range to achieve a
good compromise between signal quality (low distortion) and
acceptable efficiency (15-30%).

5) ACRP before and after HPA

Figure 12 shows us the Power Spectral Density (PSD) be-
fore and after amplification.

PSD before and after amplification

Before HPA
After HPA

0 2 4 6

Frequency (MHz)

Figure 12. PSD before and after amplification.
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From the PSD, we obtain the ACPR values given in Table 1.

Table 1. ACRP before and after amplification.

ACPR before HPA ACPR after HPA

-37dB -15dB

From these results, we deduce that the signal spectrum
before amplification is well confined within the useful
bandwidth (approximately =4 MHz). The side lobes decay
rapidly. Indeed, the ACPR before amplification is -37 dB. We
conclude that, prior to amplification, the signal spectrum is
very clean, with minimal interference in adjacent channels.

After amplification, a significant increase in spectral noise
is observed in the adjacent bands. Moreover, the shape of the
spectrum within the main band is slightly distorted. The
ACPR after amplification is -15 dB, meaning that the power
in the adjacent channel has increased by 22 dB hence, the risk
of interference with neighboring channels increases signifi-
cantly.

7. Conclusion

This study has enabled a thorough analysis of the impact
of power amplifier nonlinearities on OTFS modulation, a
promising technology for future 6G wireless networks. The
results demonstrate that, despite its exceptional robustness
against frequency and time selective channels, the OTFS
signal exhibits a high Peak-to-Average Power Ratio, render-
ing it particularly vulnerable to nonlinear distortions intro-
duced by power amplifiers. The CCDF analysis of the PAPR
confirmed that OTFS generates more frequent and higher
power peaks than a single-carrier signal such as 16-QAM,
necessitating a substantial Input Back-Off (IBO) to avoid
amplifier saturation. Using the Rapp mode adapted for ter-
restrial radio transmissions the AM/AM characteristics of the
amplifier were precisely characterized, revealing that in-
creasing IBO significantly improves linearity at the cost of
reduced power efficiency. Simulations conducted over
AWGN and Rayleigh channels revealed that:

1) Without compensation, amplifier nonlinearity causes

severe BER degradation, even at high SNR levels.

2) Insufficient IBO (< 0.5 dB) leads to massive signal
saturation and significant information loss.

3) An IBO = 3-4 dB enables performance close to that of
an ideal amplifier, but with a drastic drop in efficiency
from 70% down to less than 15%.

Furthermore, spectral analysis showed significant adja-
cent-channel pollution following amplification, with the
ACPR degrading from -37 dB before amplification to -15 dB
after. This spectral degradation underscores the heightened
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risk of interference in multi-user environments. In summary,
this study highlights the fundamental trade-off between sig-
nal quality and energy efficiency in OTFS systems. To rec-
oncile performance with efficiency, future research must
explore solutions such as digital predistortion or PAPR re-
duction techniques. These approaches are essential to enable
the practical integration of OTFS modulation into real-world
communication systems, particularly those that are embed-
ded or power-constrained. In summary, this paper does more
than merely quantify a problem; it raises a clear warning
about a major barrier to the industrial adoption of OTFS,
while simultaneously outlining a concrete path toward prac-
tical solutions that can overcome its hardware-related limita-
tions.
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6G Sixth Generation of Mobile Communications

ACPR Adjacent Channel Power Ratio

AM Amplitude

AWGN Additive White Gaussian Noise

BER Bit Error Rate

CCDF Complementary Cumulative Distribution
Function

CP Cyclic Prefix

FFT Fast Fourier Transform

HPA High Power Amplifier

IBO Input Back-Off

IFFT Inverse Fast Fourier Transform

ISFFT Inverse Symplectic Finite Fourier Transform

OBO Output Back-Off

OFDM Orthogonal Frequency Division Multiplexing

OTFS Orthogonal Time Frequency Space

PAPR Peak-to-Average Power Ratio

PM Phase

QAM Quadrature Amplitude Modulation

SFFT Symplectic Finite Fourier Transform

SNR Signal-to-Noise Ratio
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