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Abstract 

 

Quantum semantic communication (QSC) is an emerging paradigm that leverages the principles of quantum mechanics 

and semantic communication to transmit meaning, rather than just raw data, over quantum channels. This survey 

provides an overview of QSC and its potentials and challenges. 

 

Ⅰ. Introduction 

The rapid advancement of quantum computing is 

paving the way for new communication paradigms, 

including quantum semantic (QSC). This emerging field 

aims to harness the principles of quantum mechanics 

and semantic communication to transmit meaning 

rather than just raw data, which enable more efficient 

and accurate communication with applications ranging 

from Internet of Things (IoT) to distributed quantum 

computing. 

 

Ⅱ. Related work 

  The intersection of quantum information theory and 

semantic communication is nascent field, but it is 

rapidly gaining traction due to its potential to 

transform data transmission in the quantum era. Here 

we delve into the key contributions that shaping this 

exciting domain. 

While the term “quantum semantic communication” 

has emerged relatively recently, the fundamental idea 

of encoding meaning within quantum states dates to 

the early days of quantum information theory. Initial 

explorations focused on understanding how quantum 

entanglement could be used to transmit information in 

a way that goes beyond simply encoding classic bits.  

The advent of quantum machine learning (QML) has 

opened up exciting possibilities for extracting 

semantic information from classical data in the 

quantum realm. QML algorithms, such as quantum k-

means clustering, can be employed to identify 

underlying structures and patters in high-dimensional 

quantum state spaces, representing semantic concepts 

more efficiently. 

  A study by Chehimi et al. [1] proposed a QSC 

framework leveraging quantum k-means clustering to 

extract semantic concepts from high-dimensional 

quantum states. Their proposed approach shows 

significant saving in quantum communication 

resources compared to semantic-agnostic methods, 

achieving a 50-75% reduction in the number of 

transmitted quantum states while maintaining high 

semantic fidelity. 

The development of practical QSC system requires 

a deep understanding of the underlying physics 

governing QCNs. Chehimi and Saad [2] proposed for a 

“physics-informed” approach to QCN design and 

analysis, emphasizing the need to consider the 

practical constrains of quantum hardware, including 

qubit decoherence. Times, gates fidelities, and limited 

memory capacities. They highlight how ignoring these 

physical realities can lead to impractical QCN designs 

and inaccurate performance evaluation. 

  A fundamental challenge in QSC is developing 

effective methods for encoding and decoding semantic 

information within the structure of quantum states. 

This involves mapping classical semantic concepts 

into quantum realm and vice versa.  

  Authors explored various approaches to quantum 

semantic representation, including: 

- Quantum Feature Maps: Leveraging quantum 

circuits to transform classical data into high-

dimensional quantum states that capture 

relevant semantic features. 

- Quantum Entanglement: Utilizing the unique 

properties of entanglement to represent 

correlations and relationships between 

semantic concepts. 

- Quantum Superposition: Exploiting 

superpostion to encode multiple semantic 

meanings within a single quantum state 

 

  Building practical QSC systems will require 

overcoming numerous challenges, including: 

- Developing noise-resilient QSC protocols to 

mitigate the effects of quantum channel noise 

on semantic information transmission. 

- Designing scalable QSC architectures to handle 

large datasets and complex semantic structures. 

- Exploring hybrid quantum-classical approaches that 

combine the strengths of classical and quantum 

semantic communication. 
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Ⅲ. Open Issues and Challenges 

  Despite the promising advancements in QSC, several open 

issues and challenges remain to be addressed: 

- Quantum Semantic Representation: Developing 

robust the efficient methods for mapping classical 

semantic concepts into the quantum domain and 

vice versa, remains a key challenge. 

- Quantum Channel Noise: The fragility of quantum 

states to noise during transmission necessitates the 

development of robust error correction techniques 

tailored of QSC. 

- Quantum Hardware Limitations: the current state of 

quantum computing technology presents limitations 

in terms of qubit coherence times, gate fidelities and 

memory capacity, hindering the realization of 

practical QSC systems. 

- Scalability: Scaling QSC to handle large datasets and 

complex semantic structures efficiently poses a 

significant challenge. 

- Semantic Fidelity Metrics: Establishing 

comprehensive metrics to quantify the accuracy of 

semantic information transmission in the quantum 

domain is crucial for evaluating and comparing 

different QSC approaches. 

IV. Future Research Directions 

  To address the challenges and unlock the full potential of 

QSC, several future research directions are crucial: 

- Novel Quantum Semantic Representations: 

Exploring new approaches for encoding semantic 

information into quantum states, considering various 

data types and semantic structures, is essential. 

This includes developing quantum-native semantic 

representation models and adapting classical 

semantic embedding techniques to the quantum 

domain. 

- Noise-Resilient QSC: Investigating and developing 

robust quantum error correction codes specifically 

designed for protecting semantic information during 

transmission over noisy quantum channels is crucial. 

This involves tailoring existing QEC codes or 

designing new ones to preserve the integrity of 

semantic representations. 

- Scalable QSC Architecture: Designing QSC 

architecture capable of handling large complex 

semantic data is crucial. This requires a distributed 

quantum computing architectures, efficient quantum 

algorithms for semantic extraction and encoding, 

and optimized quantum memory management 

techniques. 

- Hybrid Quantum-Classical Semantic 

Communication: Investigating hybrid approaches 

that combine the strengths of classical and quantum 

semantic communication is promising. This includes 

utilizing classical Machine Learning for initial 

semantic extraction and then leveraging quantum 

computing for efficient encoding and transmission. 

- Applications of QSC: Exploring and developing 

applications of QSC across various domains, such as 

IoT, edge computing and distributed quantum 

computing, will be essential to demonstrate its 

practical value and drive further advancements in 

the field. 

 

V. Conclusion 

Quantum semantic communication holds immense 

promise for revolutionizing the way we communicate, 

offering the potential for resource-efficient, accurate, 

and secure transmission of meaning. While significant 

challenges remain in developing practical QSC 

systems, the ongoing advancements in quantum 

computing and the exploration of novel quantum 

semantic representations offer exciting opportunities 

for realizing this vision. 
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