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Abstract—Recently, extensive research attention has been 

dedicated to enabling Orthogonal Frequency-Division 

Multiplexing (OFDM) waveforms to be compatible with a modern 

communication system. Encoding data as OFDM wavelengths still 

has a lot of problems, like the peak-to-average power ratio (PAPR) 

and the cyclic prefix (CP), which are important factors that affect 

how efficiently the spectrum is used. To meet the quality-of-service 

requirements imposed by communication system applications, this 

paper proposes to replace the classical encoding and decoding 

schemes, classical channel, discrete Fourier transform (DFT), and 

inverse discrete Fourier transform (IDFT) with their classical 

counterparts. This new quantum OFDM transmission scheme 

allows for the preparation of a quantum OFDM symbol without 

the need to incorporate a CP. To validate the accuracy of the 

suggested quantum OFDM transmission scheme, we compared it 

with the most widely recognised reference quantum transmission 

scheme. We have demonstrated that increasing the channel 

resistivity results in a higher probability of correctly measuring 

the quantum state in the quantum OFDM transmission scheme 

compared to the reference quantum transmission scheme. The 

results are verified by IBM's Qiskit. 
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I. INTRODUCTION 

Wireless communication has seen substantial growth, 
particularly in Internet of Things (IoT) applications. The 
analysis highlights the prevalence of end-to-end packet delays 
in IoT communications [1], and emphasizes the need for energy-
efficient strategies in task allocation [2]. The advent of 5G 
technology promises to transform connectivity with speeds up 
to 20 Gbps, enhancing transmissions and reducing latency for 
applications like IoT robotic surgery and smart education 
platforms [3]–[5]. Moreover, advancements in multimedia 
transmission [6] and sensor networks for precision agriculture 
[7] demonstrate the broad impact of robust wireless technologies 
across various sectors. 

Orthogonal Frequency-Division Multiplexing (OFDM) 
technology has been extensively employed in data transmission 
for 4G wireless communication networks. OFDM is a 
multicarrier orthogonal digital communication scheme [8]. The 
binary data is encoded into symbols using one of the digital 
modulation schemes [9], and the modulated symbols are loaded 
over carrier frequencies. The available channel bandwidth is 
divided into bands that are called frequency subcarriers, where 

each one is exploited for transmitting modulated symbols. The 
OFDM technology allows more data transmission, overlapping 
multiple sub-channels, and reduces inter-symbol interference 
(ISI) and inter-carrier interference (ICI) [10], thanks to the non-
overlapping transmitted orthogonal signals. One significant 
benefit of the OFDM in comparison to single-carrier schemes 
lies in its notable spectral efficiency, resilience against multipath 
fading, and adaptability to varying channel circumstances [11]. 
Implementing OFDM for 5G systems faces challenges like 
inter-carrier interference and high peak-to-average power ratios 
[12]. Additionally, IoT applications require waveforms with 
sub-millisecond latencies, further driving advancements in 
OFDM technology [13]. 

The successful reception of a transmitted signal over a 
wireless channel can be challenging due to ISI and ICI. To 
address these issues, the technique of incorporating a cyclic 
prefix (CP) into OFDM symbols is commonly employed. 
Although this addition of a cyclic prefix helps to mitigate the 
effects of multipath fading and carrier interference. The CP 
consumes a portion of the available spectrum, which reduces the 
overall spectral efficiency and increases the latency of the 
transmission system. There are many techniques used to reduce 
CP in an OFDM system, like reducing CP by shortening the 
effective channel impulse response using a time-domain 
equaliser [14] or a frequency-domain equaliser as in [15]. In 
[16], the authors introduced a method based on the concept of 
multiple symbol encapsulation to reduce CP. 

Quantum communication harnesses the quantum nature of 
information, providing a dependable solution for achieving high 
transmission bit rates and secure communication channels over 
long distances [17], [18]. Moreover, these systems possess the 
capability to transmit significantly more data than traditional 
binary-based systems _ quantum channels can carry more 
information than classical ones thanks to the quantum 
superposition principal_, executing computational tasks 
exponentially faster than their classical counterparts [19]–[21]. 

The Quantum Fourier Transform (QFT) and its Inverse 
(IQFT) are used by Quantum Orthogonal Frequency-Division 
Multiplexing (Q-OFDM) to send and receive data through 
quantum communication channels. The QFT is a crucial element 
within the framework of quantum algorithms, signifying its 
pivotal role in advancing quantum computing technology [22]. 

Many academic studies have emphasized the crucial role 
played by the QFT and quantum simulation in advancing the 
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area of quantum computing. The authors in [23] present new 
methods for implementing QFT circuits on quantum hardware. 
In larger systems, they use program synthesis to manage these 
circuits more efficiently, simplifying operations and reducing 
complexity. Their approach improves the practical use of QFT 
in quantum computing by optimizing circuit layouts for 
enhanced performance. The study in [24] describes a multi-user 
quantum communication system that combines Code Division 
Multiple Access (CDMA) with QFT and IQFT. This approach 
enhances scalability and security, allowing multiple users to 
communicate simultaneously while protecting against 
eavesdropping. The authors in [25] improved the Quantum 
Phase Estimation (QPE) algorithm by optimizing QFT and 
IQFT. This enhancement reduces the circuit depth and error 
rates, resulting in higher accuracy and efficiency in QPE. They 
demonstrate notable advancements by comparing their method 
with current implementations, underscoring the importance of 
optimized QFT and IQFT in effective quantum computing 
applications. 

This paper proposes a novel quantum OFDM transmission 
scheme for communication system. The quantum OFDM 
symbol will allow more data transmission compared to its 
classical counterpart, thanks to the quantum superposition 
concept, as well as high transmission speed due to exploiting the 
embedded quantum entanglement states in the quantum OFDM 
signal. Moreover, the quantum OFDM scheme offers a low 
computational complexity compared to its classical counterpart 
due to the use of the quantum Fourier transform (QFT) and the 
inverse quantum Fourier transform (IQFT) as signal 
multiplexing methods. To the best of our knowledge, there is no 
existing research addressing the challenges posed by the OFDM 
waveform in using quantum communication systems. 

In our study, we employed various rotation gates, including 
𝑅𝑥(𝜃𝑡), 𝑅𝑦(𝜃𝑡), and 𝑅𝑧(𝜃𝑡), as quantum channels to simulate 

different forms of quantum noise and decoherence. These gates 
are instrumental in modifying the state of qubits by adjusting 
their phase or amplitude, thereby replicating the real-world 
impact of quantum channels on the transmission of quantum 
information. However, the 𝑅𝑧(𝜃𝑡) gate was omitted from our 
simulation because phase shifts do not influence the 
measurements employed in our model. 

This paper is organized as follows; Section II provides a 
detailed classical OFDM transmission model implemented 
using IDFT/DFT. This model is extended in detail in Section III, 
to the quantum version. In Section IV, to validate the accuracy 
of the suggested quantum OFDM transmission scheme, we 
compared it with the most widely recognized reference quantum 
transmission scheme. Finally, Section V concludes the 
manuscript. 

II. CLASSICAL ORTHOGONAL FREQUENCY-DIVISION 

MULTIPLEXING TRANSMISSION SYSTEM 

The classical OFDM transmission scheme primarily 
comprises the following components: encoder and decoder, 
serial-to-parallel (S/P) and parallel-to-serial (P/S) modules, the 
IDFT and DFT processes, cyclic prefix blocks, and the channel. 
The architecture of the OFDM transmission implemented using 
IDFT/DFT is depicted in Fig. 1. 

 

Fig. 1. Classical OFDM transmission system implemented using IDFT/DFT. 

Let's consider the message bits 𝑀 = 𝑎1 … 𝑎𝑚. The encoder 
of the OFDM transmitter encoded the message bits 𝑀 into M-
quadrature amplitude modulation (M-QAM) or phase shift 
keying (PSK) symbol. Assuming that the message bits 𝑀  is 
converted into 𝑁  symbols. The serial data symbols 𝑁  are 
converted into the parallel stream using S/P module. Next, each 

𝑘𝑡ℎ  symbol 𝑋[𝑘]  is loaded into a different subcarrier. It is 
interesting to note that this study assumes that the number of 
symbols equals the number of subcarriers of the OFDM signal. 

One writes the 𝑛𝑡ℎ  transmitted time domain sample 
generated using IDFT process as, 

                     𝑥[𝑛] =  𝐼𝐷𝐹𝑇(𝑋[𝑘]) 

       =  ∑  

𝑁−1

𝑘=0

𝑋[𝑘]𝑒𝑗2𝜋𝑘𝑛/𝑁 for 𝑛 = 0,1, … , 𝑁 − 1 
(1) 

It is important to mention that each 𝑛𝑡ℎ discrete time OFDM 
symbol 𝑥[𝑛]  carry information about the overall remaining 
transmitted symbols. To mitigate the effect of multipath fading, 
the cyclic prefix is added to the obtained OFDM symbol. This is 
accomplished by copying the last samples from the end of the 
OFDM symbol and appending them to the beginning. It is worth 
mentioning that the proposed OFDM transmission system 
considers the effect of the channel while neglecting the influence 
of noise. 

Let 𝑦[𝑛]  be the 𝑛𝑡ℎ  received time domain sample of the 
received OFDM symbol. One expresses 𝑦[𝑛] as, 

 𝑦[𝑛] = ℎ[𝑛] ∗ 𝑥[𝑛]    (2) 

where ℎ[𝑛] refers to the discrete time impulse response of 
the channel. At the OFDM receiver side, one calculates the DFT 
of 𝑦[𝑛] as follows, 

 𝑌[𝑘] = 𝐷𝐹𝑇(𝑦[𝑛])        (3) 

where, 𝑌[𝑘]  denotes the 𝑘𝑡ℎ  subcarrier frequency 
component of the received symbol. One can verify that 𝑌[𝑘] can 
be expressed as, 

   𝑌[𝑘] =  ∑ 𝑦[𝑛]𝑒−𝑗2𝜋𝑘𝑛/𝑁

𝑁−1

𝑛=0

   =  𝐻[𝑘]. 𝑋[𝑘] (4) 

where 𝐻[𝑘]  represents the 𝑘𝑡ℎ  subcarrier frequency 
component of the channel frequency response. It is worth noting 
that the equality in (4) holds true if and only if the cyclic prefix 
is incorporated into the OFDM symbol. 
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III. QUANTUM ORTHOGONAL FREQUENCY-DIVISION 

MULTIPLEXING TRANSMISSION SYSTEM 

In the quantum analogue of the classical OFDM 
transmission system presented in Section II, the components of 
the quantum OFDM transmission scheme and data 
representation are entirely distinct. The functionalities of the 
quantum OFDM transmission are categorized into the following 
blocks: quantum encoder and decoder (or measurement device), 
serial-to-parallel and parallel-to-serial modules, IQFT and QFT 
processes, and the quantum channel. The quantum OFDM 
transmission architecture implemented using IQFT/QFT is 
illustrated in Fig. 2. 

 
Fig. 2. Quantum OFDM transmission system implemented using IQFT/QFT. 

In quantum computing and communication, quantum 
encoding stands in stark contrast to any classical counterpart 
scheme [26]. Quantum encoding involves the preparation of 
quantum states. Similarly, the decoding process revolves around 
the measurement of the received quantum system. Furthermore, 
the quantum channel encompasses a broader and more 
generalised form compared to its classical counterpart. 

Let start by introducing the operational principle of the 
quantum encoder. In this context, the message bits 𝑀 undergo 
encoding into a quantum state of 𝑚 qubits as follows, 

 |𝜓𝑒𝑛𝑐⟩ = ∑ 𝜓𝑖|𝑖⟩

𝑁′−1

𝑖=0

,    (5) 

where 𝜓𝑖  refers to the probability amplitude of the 
computational basis state |𝑖⟩ , while 𝑁′  denotes the overall 
number of possible combinations of 𝑚 bits, such that 𝑁′ = 2𝑚. 
It is worth noting that the complete set of message bits 𝑀, is 
stored within a single quantum register of size equal to 𝑙𝑜𝑔2(𝑀). 
Let us name |𝜓𝑒𝑛𝑐⟩ as the modulated quantum message/register. 

At this juncture, we can apply the IQFT transformation 
_denoted by 𝐹−1_ to the prepared modulated quantum message, 
thereby generating the quantum equivalent of the classical 
OFDM symbol. One expresses the quantum OFDM symbol as, 

 |𝜑𝑡𝑟𝑎𝑛𝑠⟩  = 𝐹−1|𝜓𝑒𝑛𝑐⟩,  (6) 

such that, 

 |𝜑𝑡𝑟𝑎𝑛𝑠⟩ = ∑ 𝜑𝑙|𝑙⟩

𝑁′−1

𝑙=0

.   (7) 

The IQFT transformation _denoted by 𝐹−1 _ exclusively 
impacts the computational basis states of |𝜓𝑒𝑛𝑐⟩, implying that 

the IDFT leaves the probability amplitudes of the quantum state 
|𝜓𝑒𝑛𝑐⟩ unaffected. One can write, 

 𝜑𝑙 =
1

√𝑁′
∑ 𝜓𝑖

𝑁′−1

𝑖=0

𝑒
−𝑗

2𝜋𝑖𝑙
𝑁′      (8) 

and 

 𝐹−1|𝑖⟩ =
1

√𝑁′
∑ 𝑒

−𝑗
2𝜋𝑖𝑙
𝑁′

𝑁′−1

𝑙=0

|𝑙⟩.  (9) 

It is straightforward to verify that, 

 𝐹−1|𝑖⟩ =
1

√𝑁′
 ⊗

𝑡=1

𝑚

(|0⟩ + 𝑒
−𝑗

2𝜋𝑖

2𝑡 |1⟩). (10) 

Modelling the impact of the quantum channel is achievable 
through a unitary operator, as it preserves the input quantum 
state and avoids information loss. To this end, we opt to 
implement a single-qubit gate known as the rotation operator. 
We consider 𝑅𝑥(𝜃𝑡)  or 𝑅𝑦(𝜃𝑡)  as a quantum channel model 

[27], 

𝑅𝑥(𝜃𝑡) = [
cos (

𝜃𝑡

2
) −𝑖. sin (

𝜃𝑡

2
)

−𝑖. sin (
𝜃𝑡

2
) cos (

𝜃𝑡

2
)

]  

𝑜𝑟  

𝑅𝑦(𝜃𝑡) = [
cos (

𝜃𝑡

2
) −sin (

𝜃𝑡

2
)

 sin (
𝜃𝑡

2
) cos (

𝜃𝑡

2
)

] 

(11) 

where 𝜃𝑡  represents the rotation angle, it serves as an 
indicator of the noise level in the quantum channel. A large value 
of 𝜃𝑡 indicates a high level of noise in the quantum channel. Due 
to the entanglement of the quantum components within the 
quantum OFDM symbol |𝜑𝑡𝑟𝑎𝑛𝑠⟩, applying a single qubit phase 
gate to each individual qubit becomes unfeasible. To address 
this, we approached the situation by conceptualizing the entirety 
of quantum channels as a single global quantum channel that 
influences the quantum OFDM symbol. Let 𝑃𝑡 = 𝑅𝑦(𝜃𝑡)  or 

𝑃𝑡 = 𝑅𝑥(𝜃𝑡). One describes the global quantum channel as, 

 𝑃 = ⊗
𝑡=1

𝑚

𝑃𝑡 .                (12) 

It is important to highlight that our proposed quantum 
OFDM transmission system does not account for the influence 
of the environment quantum state. 

On the quantum OFDM receiver side, the received quantum 
OFDM symbol can be described as, 

  |𝜑𝑟𝑒𝑐𝑒𝑖⟩ = 𝑃𝐹−1|𝜓𝑒𝑛𝑐⟩.    (13) 
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Applying the QFT transformation _denoted by 𝐹 _ on 
|𝜑𝑟𝑒𝑐𝑒𝑖 >, one obtains, 

 |𝜓𝑑𝑒𝑐⟩  = 𝐹|𝜑𝑟𝑒𝑐𝑒𝑖⟩.       (14) 

Finally, the classical decoder is replaced by a measurement 
device that converts the acquired quantum state back to its 
original classical form. It is worth noting that employing a 
quantum OFDM transmission system makes it possible to do 
away with the need for a cyclic prefix. This is due to the inherent 
interaction of quantum states without interference in nature. 

IV. SIMULATION RESULTS 

In this section, we showcase the efficiency of the quantum 
OFDM transmission scheme by comparing it to a reference 
quantum transmission scheme in terms of the probability of 
measuring the correct transmitted quantum state. The results 
have been validated through extensive simulations using the 
Qiskit platform. 

The simulation setup for the quantum OFDM transmission 
scheme involves a four-qubit input quantum state connected to 
the IQFT process, followed by a rotation operator representing 
the channel effect, and then a QFT process. The final step 
includes a measurement device. Fig. 3 the quantum OFDM 
transmission scheme. 

The simulation setup for the reference quantum transmission 
scheme includes a four-qubit input quantum state connected to 
rotation operators representing the channel effect, followed by a 
measurement device. Fig. 4 presents the reference quantum 
transmission scheme. 

The message bits 𝑀 = 4 undergo encoding into a quantum 
input state, where, for example, 0000 is represented as |0000⟩ 
and 0001  is represented as |0001⟩ , etc. The input quantum 
states of the quantum circuits, either the quantum OFDM 

transmission scheme circuit or the reference transmission 
scheme, are randomly selected from the set of all possible 
quantum states, which is equal to 24 . Subsequently, the 
generated quantum state undergoes processing by the IQFT 
component. Afterward, the resulting quantum state traverses the 
quantum channel, which is modelled by rotation operators 
𝑅𝑥(𝜃𝑡) or 𝑅𝑦(𝜃𝑡). Following the channel, a QFT operation is 

applied to the received quantum state, and a measurement is 
performed. Fig. 5 represents in detail the components of the 
processes of the QFT, IQFT, and quantum channel. Where, The 
Hadamard gates 𝐻 are employed to generate superpositions, and 
the phase gates 𝑃 are used to add specific phase differences that 
depend on the control qubits' states in the QFT-IQFT 
implementation. 

 

Fig. 3. Quantum OFDM transmission system implemented using Qiskit. 

 
Fig. 4. Reference quantum transmission system implemented using Qiskit. 

 
Fig. 5. Detailed components of QFT, IQFT, and quantum channel processes. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 5, 2024 

446 | P a g e  

www.ijacsa.thesai.org 

The aim is to prove that although the resistance of the 
quantum channel, i.e., the high level of noise in the channel, the 
quantum OFDM transmission scheme circuit outperforms the 
reference transmission scheme in terms of measuring the correct 
transmitted quantum state. Furthermore, the procedure is 
iterated for a specific number of shots (1024) to collect 
statistical information. For this sake, two different experiments 
were conducted, 

 The first experiment selects random quantum input states 
and applies both quantum transmission schemes, i.e. the 
quantum OFDM transmission scheme circuit or the 
reference transmission scheme. The quantum channel is 
modelled by rotation operators 𝑅𝑥(𝜃𝑡), different values 
of the parameter 𝜃𝑡 are considered. 

 The second experiment selects random quantum input 
states and applied both quantum transmission schemes. 
The quantum channel is modelled by rotation operators 
𝑅𝑦(𝜃𝑡) , and different values of the parameter 𝜃𝑡  are 

taken into consideration. 

A.  Experiment 1 

The objective of this experiment is to evaluate the efficacy 
of the quantum OFDM transmission scheme in comparison to 
the reference quantum transmission scheme. 

In this experiment, we employ the 𝑅𝑥(𝜃𝑡) rotation. This 
configuration of rotation is depicted in a quantum circuit as a 
sequence of 𝑅𝑥(𝜃𝑡) gates applied to each qubit, with the rotation 
angles 𝜃𝑡  explicitly set for each one. For instance, 𝑞0 , 𝑞1 , 𝑞2 , 
and 𝑞3 , undergo 𝑅𝑥 rotation at angles of 30, 45, 60, and 90 
degrees, respectively, accompanied by randomly generated 
quantum input states. Subsequently, we measured the 
probability in terms of the number of counts, which represents 
the number of times the corresponding outcome was observed. 
The results, including the measured probability of the correct 
transmitted quantum state for each quantum input state, are 
illustrated in Fig. 6. 

Fig. 6 compares the outcomes of experiments (a), (b), and 
(c) for two different quantum transmission schemes: the 
reference quantum transmission scheme and the quantum 
OFDM transmission scheme. The histograms display the counts, 
which represent the number of times each quantum state was 
correctly decoded after transmission. 

In subfigure (a), for the quantum OFDM scheme, the 
decoded state '0011' was correctly observed 698 times out of a 
total of 1024 transmissions, illustrating a high reliability for this 
state within this scheme. Conversely, the reference scheme 
yielded 315 counts for the same input state, indicating a lower 
transmission accuracy for '0011' compared to the quantum 
OFDM scheme. 

Furthermore, the reference scheme shows a notable count for 
the state '1011', which suggests that there may be a distortion or 
error in the transmission process, as this state exhibits a similar 
count to '0011', which could indicate a pattern of systematic 
error or a bias in the quantum channel affecting these states. 

As we progress to subfigures (b) and (c), we observe 
consistent trends with certain states showing a higher number of 
counts, suggesting that these states are being decoded correctly 
more often in one scheme over the other. For instance, in (b), the 
state '1011' in the quantum OFDM scheme again stands out with 
653 counts, whereas in the reference scheme, which has 292 
counts, the states '1011' and '0011' are more prominent. In (c), 
the quantum OFDM scheme exhibits an overwhelming count of 
1024 for the state '0000', which is a stark contrast to the more 
evenly distributed counts across different states in the reference 
scheme. 

These results demonstrate distinct differences in the 
reliability and accuracy of quantum state transmission between 
the reference and quantum OFDM schemes, with the latter 
showing a tendency to favor certain states over others. This 
could point to specific characteristics of the quantum OFDM 
scheme that may be optimised for improved performance and 
fidelity in quantum communication systems. 

Next, we randomly generated quantum input states and 
maintained identical values of 𝜃𝑡  for all four 𝑅𝑥(𝜃𝑡) gates. In 
other words, we standardize the rotation across all qubits. The 
quantum circuit configuration employs a uniform sequence of 
𝑅𝑥 gates where each qubit, 𝑞0, 𝑞1, 𝑞2, and 𝑞3,  is subjected to a 
𝑅𝑥rotation of fixed degree. 

We conducted multiple simulations using different values of 
𝜃𝑡  and measured the probability of the correct transmitted 
quantum state. The results, including the measured probability 
of the correct transmitted quantum state for various values of 𝜃𝑡, 
are presented in Table I. The resistance degree of the quantum 
channel increases as the parameter 𝜃𝑡 rises. As shown in Table I, 
even as the noise in the quantum channel increases, 
corresponding to an increased channel resistivity, the quantum 
OFDM transmission scheme exhibits a higher probability of 
correctly measuring the quantum state compared to the reference 
quantum transmission scheme. 

B. Experiment 2 

In the current experiment, we utilise the 𝑅𝑦 rotation. This 

rotational configuration is represented in a quantum circuit by a 
sequence of 𝑅𝑦(𝜃𝑡) gates applied to individual qubits, with 

predetermined rotational angles 𝜃𝑡 for each qubit. Specifically, 
qubits 𝑞0, 𝑞1, 𝑞2, and 𝑞3 are subjected to 𝑅𝑦 rotations at angles 

of 30, 45, 60, and 90 degrees, respectively, alongside quantum 
input states generated randomly. Following this, we evaluated 
the probability based on the count metric, which indicates the 
number of occurrences for the anticipated outcome. Fig. 7 
elucidates the probabilities of accurately transmitted quantum 
states for each input state as measured in the experiment. 

Fig. 7 exhibits a comparative statistical analysis between the 
reference quantum transmission scheme and the quantum 
OFDM transmission scheme, encapsulated in subfigures (a), (b), 
and (c). The histograms plot the counts, which denote the 
observed number of the correct transmitted states. 
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Reference quantum transmission scheme   Quantum OFDM transmission scheme 

      
(a) 

      
(b) 

    
(c) 

Fig. 6. The measured probability of the correct transmitted quantum state for each quantum input state by the quantum OFDM transmission scheme and the 

reference quantum one, the quantum channel is modelled by 𝑅𝑥(𝜃𝑡). 

Reference quantum transmission scheme   Quantum OFDM transmission scheme 

      
(a) 
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(b) 

      
(c) 

Fig. 7. The measured probability of the correct transmitted quantum state for each quantum input state by the quantum OFDM transmission scheme and the 

reference quantum one, the quantum channel is modelled by 𝑅𝑦(𝜃𝑡). 

In subfigure (a), the reference scheme predominantly 
correctly decodes the quantum state '0111' with a count of 313. 
However, the high count for state '1111' appears to be an error 
or distortion, as this outcome is inconsistent with the input. The 
Quantum OFDM scheme, on the other hand, predominantly 
decodes state '0011' correctly, with a count of 467, and displays 
a Gaussian-like distribution of counts, indicating a higher 
fidelity in transmission for this state. 

Subfigure (b) shows that the reference scheme yields the 
highest counts for states '0010' and '1100', with counts of 304 
each, suggesting these are the most reliably transmitted states in 
this scheme. However, the quantum OFDM scheme again shows 
peaking at state '1100' with 334 counts. 

In subfigure (c), an anomaly in the reference scheme is 
evident where the intended quantum state '1101' is recorded 286 
times, yet an incorrect state '0101' appears with a higher count 
of 345, indicating a potential error in transmission or decoding. 
This suggests that the state '0101' may be a distorted version of 
'1101', caused by errors within the reference transmission 
scheme. In contrast, the Quantum OFDM scheme shows a 
pronounced peak at state '1101' with 456 counts, which points to 
a Gaussian-like distribution centred around this state, hinting at 
a more consistent and stable transmission characteristic. 

Next, we generated quantum input states at random and 
maintained the same 𝜃𝑡  values for all four 𝑅𝑦(𝜃𝑡) gates. The 

circuit design utilises a consistent series of 𝑅𝑦(𝜃𝑡) gates, each 

imparting a rotation of a fixed degree to qubits 𝑞0, 𝑞1, 𝑞2, and 
𝑞3. We ran multiple simulations with varying values of 𝜃𝑡 and 

measured the probability of the correct quantum state being 
transmitted. 

TABLE I. THE MEASURED PROBABILITY OF CORRECTLY DECODING THE 

QUANTUM STATE IS EVALUATED FOR VARIOUS VALUES OF  𝜃𝑡  IN BOTH THE 

QUANTUM OFDM TRANSMISSION AND QUANTUM REFERENCE TRANSMISSION 

SCHEMES (THE CHANNEL IS MODELLED BY 𝑅𝑥(𝜃𝑡)). 

Quantum 

Reference 

Quantum 

OFDM 

Input 

quantum state 
𝜽𝒕 

902 369 1101 02 

776 883 1211 92 

618 803 2111 02 

059 600 2211 52 

952 555 2121 62 

001 508 1221 02 

137 440 1111 80 

Table II displays the outcomes, including the measured 
probability of measuring the correct transmitted quantum state 
for various values of the parameter 𝜃𝑡 . As the parameter 𝜃𝑡 
raises, the quantum channel's resistance increases. As 
demonstrated in Table II, the quantum OFDM transmission 
scheme has a greater probability of accurately measuring the 
quantum state than the reference quantum transmission scheme. 

Building on these encouraging results, we plan to expand our 
research to explore the integration of the Quantum OFDM 
scheme into a more complex quantum massive MIMO-OFDM 
framework. This next phase of our research will utilize findings 
from our previous studies [28]–[36] to inform the development 
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and optimization of the scheme in a broader context. 
Additionally, we aim to demonstrate the theoretical 
advancements through extensive simulations, thereby not only 
validating our approach but also assessing its scalability and 
efficacy in more robust quantum communication environments. 

TABLE II. THE MEASURED PROBABILITY OF CORRECTLY DECODING THE 

QUANTUM STATE IS EVALUATED FOR VARIOUS VALUES OF 𝜃𝑡   IN BOTH THE 

QUANTUM OFDM TRANSMISSION AND QUANTUM REFERENCE TRANSMISSION 

SCHEMES (THE CHANNEL IS MODELLED BY 𝑅𝑦(𝜃𝑡)) 

Quantum 

Reference 
Quantum OFDM 

Input 

quantum state 
𝜽𝒕 

889 323 0000 02 

769 800 2212 92 

691 065 1010 02 

519 601 2221 52 

990 515 2112 62 

020 919 1122 02 

135 270 1110 80 

V. CONCLUSION 

We propose a novel quantum OFDM transmission scheme 
that eliminates the need for a cyclic prefix. The results of our 
comparative study accentuate the enhanced efficacy of the 
Quantum OFDM transmission scheme over the conventional 
reference quantum transmission scheme. Notably, when 
utilizing 𝑅𝑥 rotations, the Quantum OFDM scheme consistently 
delivered a higher accuracy in quantum state transmission, 
indicating its robustness and potential for reliable quantum 
communication. In contrast, the use of Ry rotations revealed a 
Gaussian-like distribution of state counts, signifying a 
predictable and systematic error pattern, which, despite the 
presence of noise, offers a semblance of reliability and 
predictability. 

The reference transmission scheme, however, exhibited a 
random distribution of counts with pronounced peaks at 
incorrect states, reflecting a susceptibility to higher distortion 
and transmission errors. This stark difference in performance 
highlights the Quantum OFDM scheme's capacity to 
significantly enhance stability and fidelity within practical 
quantum communication systems. These results are supported 
by Qiskit platform, confirming the viability of our approach. 

As we delve deeper into the implications of our findings, it 
is crucial to consider the inherent challenges and limitations of 
the proposed quantum OFDM transmission scheme outlined 
previously. These challenges, including quantum decoherence 
and noise, scalability issues, and current hardware limitations, 
provide essential context for our results and highlight areas for 
further investigation. Given these identified challenges, future 
research will delve into the intrinsic properties of the Quantum 
OFDM scheme that confer its error resilience, particularly when 
employing 𝑅𝑥 rotations. An exploration into the optimal 
quantum encoding strategies and their influence on transmission 
integrity is also warranted. 
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