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Abstract— This paper provides a quantitative performance
comparison between Orthogonal Time Frequency Space (OTFS)
and Orthogonal Frequency-Division Multiplexing (OFDM)
modulation schemes, focusing on mobile wireless communication
scenarios. We evaluate and compare both schemes based on
critical communication scenarios and configurations such as
mobility levels, modulation orders, multipath environments,
and equalizers. The study systematically identifies conditions
where OTFS and OFDM each exhibit optimal performance.
Results from simulations demonstrate that OTFS outperforms
OFDM consistently for high mobility scenarios and multipath
environments. Depending on the modulation order, the
performance gap between OTFS and OFDM might be very close
or many orders of magnitude. Moreover, at low and mid values
of SNR, the non-linear equalizer performs better than traditional
linear equalizers for OTFS.
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I. INTRODUCTION

Wireless communication systems face significant
challenges in environments characterized by high mobility,
where traditional modulation techniques often struggle
to maintain robust and reliable performance. Orthogonal
Frequency-Division Multiplexing (OFDM) has long served as
a fundamental modulation technology for numerous wireless
standards due to its efficient spectrum usage and robustness
against multipath fading. However, OFDM transmits symbols
in the time-frequency domain, assigning each subcarrier
per OFDM symbol, which makes it highly susceptible to
performance degradation in rapidly time-varying channels.
High Doppler shifts cause Inter-Carrier Interference (ICI),
significantly affecting OFDM’s performance in high-mobility
scenarios [1].

On the other hand, Orthogonal Time Frequency Space
(OTFS) modulation maps the information symbols in a
two-dimensional delay-Doppler grid, effectively converting
the time-varying wireless channel into an approximately
invariant two-dimensional response [2]. This representation
allows OTFS symbols to benefit from the full time-frequency
diversity of the channel, thus offering robustness against delay
and Doppler spread [3]. In essence, OTFS can be implemented
as an additional block around an OFDM multicarrier signal [4],
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[5], which can dramatically improve link reliability and
effective throughput under high mobility scenarios.

Several studies have evaluated OTFS and OFDM modulation
techniques in different wireless communication contexts.
OTFS modulation is introduced in [2], with theoretical
analysis highlighting its robustness to high Doppler conditions
compared to OFDM. Subsequent research in [6] focus on
significant Doppler shifts and multipath channels, proposing
low-complexity iterative detection algorithms for OTFS, also
known as Message Passing (MP), presenting a solution for
OTFS linear equalizers. Further investigations explore OTFS
and OFDM performance using ray-tracing channel models,
assessing their comparative Bit Error Rate (BER) and spectral
efficiency in sub-6 GHz and mmWave line-of-sight mobility
scenarios [7]. This study demonstrated that OTFS can reduce
BER significantly if compared to OFDM, emphasizing OTFS’s
robustness to Doppler effects.

A comprehensive experimental analysis under realistic
RF impairments further confirms OTFS’s practicality in
high-mobility contexts, highlighting considerations for
deployment and underscoring performance advantages in
realistic scenarios [8]. Moreover, other assessments presents
OTFS’s potential as a modulation scheme tailored explicitly
for vehicular and high-speed communication systems with
significant improvements in reliability and spectral efficiency
over existing modulation techniques commonly used in
current wireless standards [9]. An overview of OTFS and
OFDM is presented in [10], including BER and complexity
discussions, emphasizing OTFS’s advantages in high-mobility
high-speed train scenarios. Further detailed evaluations in
vehicle communications demonstrate OTFS’s superior BER
and enhanced Doppler robustness compared to OFDM [7].

Additional studies have enriched our understanding of the
comparative performance of OTFS and OFDM, particularly
in high Doppler and diverse channel conditions. A detailed
diversity analysis of OTFS modulation is conducted in [11],
revealing its ability to achieve full diversity in both the delay
and Doppler domains. The authors implement simulations
based on 5G Tapped-Delay-Line (TDL) channel models under
both slow and fast fading scenarios. The results indicate that
OTFS consistently outperforms OFDM and Single Carrier
Frequency Division Multiple Access (SC-FDMA), especially
in fast fading environments, underscoring OTFS’s effectiveness
in exploiting both time and frequency diversity inherent in
highly mobile wireless channels.

OTFS and OFDM performance are evaluated in the
prospective 6G waveform applications [12], conducting
simulations that compare BER against Signal-to-Noise
Ratio (SNR) using 16-QAM modulation. Their findings
highlight that OTFS provides superior BER performance in
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high-speed environments characterized by significant Doppler
spreads, reinforcing OTFS as a viable candidate for 6G
communication systems where reliability and robustness
against Doppler-induced impairments are crucial. Additionally,
recent works introduce low-complexity iterative detection
methods aimed at reducing OTFS equalization complexity,
thereby enhancing practical deployment feasibility [13].

Despite these contributions, the systematic quantitative
analyses with clear boundaries for the requirements and
implementations where each modulation scheme is superior
are still underexplored. To contribute to the OTFS performance
evaluations and to allow a focused investigation on
key modulation characteristics, this paper presents a
quantitative performance comparison between OTFS and
OFDM modulation schemes under the assumption of perfect
Channel State Information (CSI). By idealizing the channel
estimation process, we isolate and examine the effects of
other critical factors on the modulation performance. This
approach enables a clear evaluation of both modulations within
mobile wireless communication scenarios and at different
configurations. The primary contributions of this work are the
performance evaluations of the OTFS and OFDM on a diversity
of scenarios:

• Order modulation schemes evaluation: 4-QAM, 16-QAM,
64-QAM, and 128-QAM.

• Mobility scenarios comparison: static (0 km/h),
mid-mobility (127 km/h), and high-mobility (380 km/h).

• Number of multipath components evaluation: 2, 5, and 8.
• Linear and non-linear equalizers for OTFS: Linear

Minimum Mean Square Error (LMMSE) and Message
Passing method.

The rest of the paper is organized as follows. Section II
presents the fundamental difference between OFDM and
OTFS. Section III presents the system model used for our
evaluations and investigations. In Section IV, we present the
results and discussion derived from our analyses. Finally,
Section V presents the conclusions of our work.

II. OFDM AND OTFS
This section presents the basic theory of OFDM and OTFS

modulations and their key mathematical concepts, such as
Fourier-based transformations and modulation parameters.

A. Orthogonal Frequency Division Multiplexing (OFDM)

OFDM is the dominant modulation scheme extensively
used in contemporary wireless communication standards
such as LTE, Wi-Fi, and 5G NR due to its inherent
simplicity, robustness against multipath fading, and efficient
spectrum utilization. OFDM operates basically by dividing the
available spectrum into multiple orthogonal subcarriers, which
are modulated independently using an Inverse Fast Fourier
Transform (IFFT) [1].

The information symbols are defined in a time-frequency
domain matrix, XTFofdm

[m,n]. These symbols are passed
to the time domain and vectorized through the Heisenberg
transform, resulting in the transmitted signal described
by [3] as

s
ofdm

(t) =
N−1∑
n=0

M−1∑
m=0

XTFofdm
[m,n]g(t− nT )ej2πm∆f(t−nT ), (1)

where M , N , ∆f , T and g(t) represent the number of
subcarriers, the number of OFDM symbols, the sampling
frequency, the OFDM symbol duration, and the pulse shaping
waveform for the continuous-time signal, respectively. Despite
its widespread use, OFDM is highly susceptible to inter-carrier
interference under high Doppler shifts, limiting its applicability
in high-speed mobility scenarios such as vehicular or aerial
communications.

The received signal on the m-th subcarrier can be modeled
as [3]

ym = Hmxm + ωm, (2)

where ym is the received symbol vector, Hm is the channel
frequency response matrix on subcarrier m, xm is a version of
the transmitted symbol vector, s

ofdm
(t), but serialized directly

from the time-frequency domain, and ωm is the Additive
White Gaussian Noise (AWGN) vector with variance σ2. The
LMMSE equalizer estimates the transmitted symbol as [14]

x̂LMMSE
m =

(
|Hm|2 + σ2I

)
H∗

mym, (3)

where I is the identity matrix. This formulation demonstrates
how LMMSE balances noise enhancement and Inter-Symbol
Interference (ISI) mitigation.

B. Orthogonal Time Frequency Space (OTFS)

OTFS modulation has been recently proposed as a robust
solution to address the challenges posed by high mobility
scenarios. Unlike OFDM, OTFS transforms the channel
representation from the time-frequency domain into the
delay-Doppler domain, significantly simplifying the channel’s
complexity by converting time-varying multipath channels
into nearly static representations. This facilitates enhanced
robustness and reliability in rapidly varying channels.

OTFS modulation can be implemented by two basic
schemes, as presented in Fig. 1. In the first case, the
information symbols XDD[l, k], defined in the delay-Doppler
domain, are mapped onto the time-frequency plane through
an Inverse Symplectic Finite Fourier Transform (ISFFT),
represented mathematically as [3]

XTF[m,n] =
1√
NM

N−1∑
k=0

M−1∑
l=0

XDD[l, k]ej2π(
nk
N −ml

M ), (4)

for l = 0, · · · ,M − 1 and k = 0, · · · , N − 1.
The M and N represent the number of subcarriers and
OTFS symbols, respectively. The time-frequency domain
representation XTF [m,n] is subsequently converted into a
time-domain signal, s(t), using the Heisenberg transform [2],
as in OFDM modulation. At the receiver, the reverse
transformation (Wigner transform followed by a SFFT)
converts the received signal back into the delay-Doppler
domain.

Alternatively, in order to reduce computational cost, OTFS
modulation can be performed through the Inverse Discrete Zak
Transform (IDZT) that maps the information symbols in the
delay-Doppler domain onto the discrete time domain [3], that
is
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Fig. 1. OTFS modulation scheme.

s[q] = s[l + nM ] =
1√
N

N−1∑
k=0

XDD[l, k]ej
2π
N nk. (5)

After that, a Digital-to-Analog (DA) converter is used to
form the transmitted signal in the continuous time domain,
s(t). Similarly to (2), the received signal r can be modeled as

r = Gs+ ω, (6)

where G in CNM×NM is the channel matrix in the delay-time
domain, s in CNM×1 is the transmitted symbol vector, and ω
is the complex Gaussian noise. The received signal is then
passed into the discrete delay-Doppler domain through an
Analog-to-Digital (AD) converter, followed by the Discrete
Zak Transform (DZT).

In order to estimate the received symbols, the LMMSE
equalizer aims to minimize the mean squared error between
the transmitted and estimated symbols. The LMMSE estimate
of the transmitted symbols vector is given by [14]

x̂LMMSE =
(
H∗H + σ2I

)−1
H∗y, (7)

where y and H are the received signal vector and the channel
matrix in the delay-Doppler domain, respectively.

This solution mitigates ISI and limits noise amplification
by regularizing the inversion. Due to the typically large
dimensions and sparsity of H , in practical OTFS scenarios,
efficient implementations often rely on iterative and non-linear
solutions such as MP detectors to avoid direct matrix inversion.

The MP equalizer iteratively updates the posterior
probabilities of transmitted symbols. Specifically, MP
computes messages between symbols using factor graphs
defined by the channel model. Based on Equation (6), the
Maximum a Posteriori Probability (MAP) detection rule for
estimating the transmitted signals is given by [6]

x̂ = argmax
x∈CNM×1

Pr(x|y,H). (8)

Thus, the algorithm updates iteratively the symbols’
beliefs using local probabilistic message exchanges from the
channel H . Compared to the LMMSE, MP offers improved
detection in highly dispersive channels by leveraging the sparse
delay-Doppler channel matrix. However, this performance gain
comes at the cost of higher computational complexity due to
the iterative process. Moreover, the convergence of MP is not
always guaranteed and might depend on the channel sparsity
and the number of iterations [6].

III. SYSTEM MODEL

This section describes the methodology and system
model employed to quantitatively compare the performance
of OTFS and OFDM modulation schemes in mobile

wireless communication scenarios, as summarized in Fig. 2.
Our evaluation approach includes defining the simulation
configuration, the evaluated scenarios, the communication
system parameters, and the metric used for performance
analysis.

Fig. 2. System model overview.

The simulation considers perfect CSI at the receiver, zero
padding is used for guard intervals, and the number of
subcarriers and OTFS symbols are equal to 32, as presented
in Table I. The wireless channel is generated synthetically in
the delay-Doppler domain using a Tapped Delay Line model.
Each channel realization is composed of a discrete number of
paths (P), each with randomly assigned normalized delay (li)
and Doppler shift (ki) indices, and sampled random complex
path gains (hi). Unless otherwise stated in the Section IV, the
parameters remain as defined in Table I.

TABLE I
SIMULATION PARAMETERS.

Parameter Value
Number of Subcarriers M = 32
Number of OTFS Symbols N = 32
Subcarrier Spacing ∆f = 15 kHz
Sampling Frequency / Signal Bandwidth fs = B = 480 kHz
OTFS Symbol Duration T = 66.67µs
Frame Duration Tf = 2.13 ms
Doppler Resolution ∆v = 468.75 Hz
Delay Resolution Ts = 2.08µs
Maximum Doppler Shift fd,max = 1.41 kHz
Maximum Delay Spread τmax = 8.33µs
Maximum Normalized Doppler Shift kmax = 3
Maximum Normalized Delay Spread lmax = 4
Maximum Velocity vmax = 380 km/h
Number of Multipath Components P = 5
Channel Coefficients hi ∼ CN(0, 1/P )
Modulation Order 4−QAM
Equalizer Type LMMSE
Carrier Frequency fc = 4 GHz
Quantity of Monte Carlo Trials 104

OTFS and OFDM systems utilize identical underlying
parameters to ensure a fair comparison. The simulations
operate at a carrier frequency of 4 GHz, common in
contemporary mobile networks. We maintain a consistent
bandwidth and subcarrier spacing of 15 kHz for both
modulation schemes. For the OTFS system, we adopt a
delay-Doppler grid configuration comprising M subcarriers
and N OTFS symbols and the Zak transform scheme.
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We assess modulation orders, including 4-QAM, 16-QAM,
64-QAM, and 128-QAM, to explore how higher modulation
schemes’ performance are affected by high Doppler conditions.

A. Evaluation Scenarios

We systematically compare the performance of OFDM
and OTFS over different scenarios, characterized by multiple
mobility levels, by varying the maximum user velocity while
keeping the same other physical channel model characteristics.
The scenarios are static, intermediate mobility, and high
mobility. Since we are using a non-fractional delay-Doppler
grid, the Doppler indices are integers, and when multiplied
by the Doppler resolution, we obtain the Doppler values
that are correlated to velocity values. Specifically, the static
scenario corresponds to a speed of 0 km/h, where the
channel can be considered almost time-invariant over the frame
duration (2.13 ms) and Doppler effects are negligible. The
intermediate mobility scenario corresponds to a maximum
speed of 127 km/h, leading to a moderate Doppler spread
introducing selectivity and ICI in the OFDM system. Finally,
the high mobility scenario models a maximum speed of
380 km/h, resulting in severe Doppler effects and fast channel
variations within a single frame.

B. Performance Metrics

We quantitatively evaluate both modulation schemes using
bit error rate as our performance metric. BER is defined as
the ratio of erroneous bits received over the total number
of transmitted bits. BER simulations are performed across
a range of SNR values to assess robustness against noise
and Doppler-induced interference. Additionally, we explore
the boundaries by identifying potential crossover points and
mobility thresholds at which one modulation scheme might
outperform the other significantly. The simulation results are
averaged over 104 Monte Carlo trials to ensure statistical
reliability and accuracy of the performance evaluation.

IV. RESULTS

In our analysis, we consider four dimensions: modulation
order, mobility scenarios, number of multipath components,
and equalization technique.

A. Modulation Order

We evaluate the impact of different modulation orders,
specifically 4, 16, 64, 128, on the BER performance of OTFS
and OFDM. Fig. 3 presents OTFS outperforming OFDM for
modulation orders of 4 and 16, while presenting crossover
performance points and trade-offs across orders 64 and 128.
The performance gap increases between them with higher SNR
values and lower modulation order. For instance, at an order
of 4, OTFS has significantly lower BER compared to OFDM.
While for an order of 64, OTFS outperforms OFDM only for
SNR values higher than 26 dB, approximately.
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Fig. 3. BER performance comparison for multiple modulation order
(LMMSE, P = 5 and 380 km/h).

B. Mobility Scenarios

Fig. 4 presents the mobility scenarios performance
comparisons. The performance gap clearly increases with the
mobility levels, indicating superior robustness of OTFS against
high mobility scenarios. At high speeds, OFDM degrades
in performance due to severe inter-carrier interference from
Doppler spread, while OTFS increases performance due to
its delay-Doppler domain nature, which explores the channel
diversity. At high speed (380 km/h), OTFS reaches BER
reductions of almost an order of magnitude compared to
OFDM at 15 dB SNR, and approximately four orders of
magnitude at 25 dB SNR. Even in the static channel, OTFS has
superior performance compared to OFDM because it spreads
the information symbol across the entire delay-Doppler grid,
increasing robustness against channel frequency selectivity. It
is worth noting that OFDM variants, such as SC-FDMA, have
equivalent performance to OTFS in this type of channel [11].
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Fig. 4. BER performance comparison for multiple mobility scenarios
(LMMSE, P = 5 and 4-QAM).

C. Number of Multipaths Components

We assess the effect of multipath variation by changing
the number of channel paths, P = 2, 5, 8. Fig. 5 presents
robust performance for OTFS. Higher the number of multipath
components, higher is the performance gap between OTFS and
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OFDM. At P = 2, for 25 dB SNR, OTFS presents the BER
more than one order of magnitude lower than OFDM. While
for P = 8, the difference is approximately four orders of
magnitude.
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Fig. 5. BER performance comparison for different numbers of paths
(LMMSE, 4-QAM and 380 km/h).

D. Equalizers

We compare OTFS and OFDM using LMMSE equalization
against OTFS with MP equalization. Fig. 6 shows that
OTFS-MP outperforms OTFS-LMMSE for low and mid-range
SNR values (lower than 21 dB). Although LMMSE is
computationally simpler than MP equalization, the MP
equalizer improves symbol detection by leveraging the
channel sparsity and iterative method, justifying its additional
complexity in low SNR scenarios.
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Fig. 6. BER performance comparison for different equalizers (P = 5, 4-QAM
and 380 km/h).

V. CONCLUSIONS

This paper presents a performance comparison between
OTFS and OFDM modulation schemes over a variety of
wireless communication scenarios. Through simulations, we
examined their performance across four relevant dimensions:
modulation order, mobility levels, number of multipath
components, and equalization technique. The study explores all
four aspects in a single unified framework. These evaluations

allow us to contribute to a clear comprehension of where each
modulation scheme and its configurations excel.

Our results show that OTFS outperforms OFDM in
scenarios characterized by high mobility and multipath
propagation, mainly at low and mid modulation orders (4, 16).
OTFS demonstrates strong robustness to Doppler spread by
leveraging the delay-Doppler domain, where the channel
becomes approximately invariant. This allows OTFS to remain
low BER even in extreme vehicular and high-speed train
environments. However, the results show that such resiliency
is less significant at high modulation orders (64, 128), where
OTFS only outperforms OFDM across high SNR scenarios.
Moreover, the evaluation of equalizers reveals that the MP
scheme presents a gain over OTFS using LMMSE detections,
particularly at low/mid SNR range values (between 0−21 dB).

Future work includes the implementation of OFDM
variants and other equalization techniques. Furthermore,
Peak-to-Average Power Ratio (PAPR) and computational cost
evaluations can be explored.

REFERENCES

[1] T. S. Rappaport, Wireless Communications: Principles and Practice,
2nd ed. Pearson, 2020.

[2] R. Hadani, M. Tsatsanis et al., “Orthogonal time frequency space
modulation,” in IEEE Wireless Communications and Networking
Conference (WCNC), 2017.

[3] Y. Hong, T. Thaj, and E. Viterbo, Delay-Doppler Communications:
Principles and Applications. London, UK: Elsevier, 2022, publisher
Copyright: © 2022 Elsevier Inc. All rights reserved.

[4] R. Hadani and A. Monk, “OTFS: A New Generation of Modulation
Addressing the Challenges of 5G,” 2018. [Online]. Available:
https://arxiv.org/abs/1802.02623

[5] Cohere Technologies, “OTFS Performance in High Doppler with
Varying Subcarrier Spacing,” 3GPP TSG RAN WG1 Meeting
#86bis, R1-1609825, Lisbon, Portugal, October 2016, agenda
item: 8.1.1.1. [Online]. Available: https://www.cohere-tech.com/wp-
content/uploads/2017/06/R1-1609825-OTFS-Performance-in-High-
Doppler-with-Varying-Subcarrier-Spacing.pdf

[6] P. Raviteja, K. T. Phan et al., “Interference cancellation and iterative
detection for orthogonal time frequency space modulation,” IEEE
Transactions on Wireless Communications, vol. 17, no. 10, 2018.

[7] F. Wiffen, L. Sayer et al., “Comparison of OTFS and OFDM in Ray
Launched sub-6 GHz and mmWave Line-of-Sight Mobility Channels,”
in IEEE 29th Annual International Symposium on Personal, Indoor and
Mobile Radio Communications (PIMRC), 2018, pp. 73–79.

[8] A. Abushattal, S. E. Zegrar et al., “A Comprehensive Experimental
Emulation for OTFS Waveform RF-Impairments,” Sensors, vol. 23, no. 1,
p. 38, 2022.

[9] M. K. Ramachandran, G. D. Surabhi, and A. Chockalingam,
“OTFS: A New Modulation Scheme for High-Mobility Use Cases,”
Journal of the Indian Institute of Science, vol. 100, no. 2, pp.
315–336, 2020. [Online]. Available: https://ece.iisc.ac.in/~achockal/pdf_
files/OTFS_new_modln.pdf

[10] M. Kollengode Ramachandran and A. Chockalingam, “MIMO-OTFS
in High-Doppler Fading Channels: Signal Detection and Channel
Estimation,” in 2018 IEEE Global Communications Conference
(GLOBECOM), 2018, pp. 206–212.

[11] H. Zhang, X. Huang, and J. A. Zhang, “Comparison of OTFS Diversity
Performance over Slow and Fast Fading Channels,” in 2019 IEEE/CIC
International Conference on Communications in China (ICCC). IEEE,
2019, pp. 828–833.

[12] A. Mohammadi, S. Chakkor et al., “Performance Evaluation of
OTFS and OFDM for 6G Waveform,” in 2022 International
Conference on Wireless Communications and Signal Processing
(WCSP), vol. 48. EDP Sciences, 2022, p. 01015. [Online].
Available: https://www.itm-conferences.org/articles/itmconf/abs/2022/
08/itmconf_iccwcs2022_01015/itmconf_iccwcs2022_01015.html

[13] T. Thaj and E. Viterbo, “Low Complexity Iterative Rake Decision
Feedback Equalizer for Zero-Padded OTFS Systems,” IEEE Transactions
on Vehicular Technology, vol. 69, no. 12, pp. 15 606–15 622, 2020.

[14] J. G. Proakis and M. Salehi, Digital Communications, 5th ed.
McGraw-Hill, 2008.


