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Abstract  

Mobile e-learning systems are rapidly emerging, posing important challenges for the development 

of supports for dense, real-time, and multimedia-rich educational interactions. Traditional wireless 

and edge-assisted learning systems are prone to high latency, low scalability, and poor 

communication reliability, especially in scenarios that require synchronous collaboration and 

immersive learning and continuous data transmission. The requirements for these limitations require 

the development of advanced communication paradigms that can guarantee ultra-low latency, high 

throughput, and efficient use of resources in next-generation educational networks. This paper 

presents a Nano-Networking and Quantum Dot Communication Protocol (NN-QDCP) framework 

for improving scalability and communication efficiency in a mobile e-learning environment.                  

The design combines nano-sensor technology for network monitoring at a fine level, quantum dot 

technology to enhance signal efficiency, and edge intelligence to dynamically allocate resources and 

optimize network traffic. The overall architecture supports smart, low-latency delivery of 
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educational material with high reliability in a dense wireless learning environment. Experimental 

assessment shows that the proposed NN-QDCP outperforms the existing models like CMLN, EALS, 

BBLF, and AIWLN to a great extent. The proposed approach provides a minimum latency of 14.3ms, 

which is much less than that of the AIWLN (22.1ms) and conventional system (42.6ms), and reduces 

the transmission delay significantly. In addition, the throughput is increased to 412 Mbps, and the 

packet delivery ratio is 98.1%, with very high reliability of communication. At the same time, the 

energy efficiency and scalability are improved to 94.6% and 97.3%, respectively. The enhancements 

underscore the success of the combination of nanoscale networking with quantum-enhanced 

communication and intelligent edge optimization. In general, the NN-QDCP architecture offers a 

powerful and scalable solution for next-generation mobile e-learning systems, allowing efficient, 

adaptive, and high-performance educational communication infrastructures for future immersive 

and large-scale digital learning environments. 

Keywords: Nano-Networking, Quantum Dot Communication, Mobile E-Learning, Ultra-Low 

Latency Networks, Edge Intelligence, Scalable Wireless Learning Systems, Adaptive Routing 

Protocols. 

1 Introduction 

Mobile e-learning platforms have revolutionized education in today's world, offering flexible, 

personalized, and remote learning opportunities in various geographical locations. With the number of 

connected learners growing, multimedia-rich learning applications and real-time collaborative learning 

activities, however, come with a great deal of difficulty for the current wireless communication networks 

(Yunus et al., 2024). The typical cloud-based and edge-assisted mobile learning systems are often 

plagued by high latency, bandwidth congestion, packet loss, and scalability constraints for the delivery 

of immersive learning services (such as augmented reality learning, virtual labs, adaptive assessment, 

and multi-user synchronous interaction) (Dusi, 2025; Gurugopinath & Venugopal, 2025). The 

restrictions are more significant in extremely-heavy learning settings where hundreds of thousands or 

even millions of cell gadgets are concurrently sharing academic material (Dima et al., 2022). Thus, the 

design of ultra-low latency, energy-saving, and highly scalable communication architectures has 

emerged as an important research area in next-generation mobile e-learning systems (Arvinth, 2026; 

Bosco et al., 2025). 

To solve such problems, Nano-networking and Quantum dot communication technologies are 

promising solutions. Nano-networks can facilitate the exchange of information between nanoscale 

devices with low power consumption and very high information transmission rates, and quantum dot 

communication mechanisms can increase the efficiency of the exchange of information, use of the 

spectrum, and secure transmission of information. These technologies can greatly improve the reliability 

of communications, minimize transmission delay, and enable intelligent resource allocation in                    

large-scale educational networks when it was implemented in mobile learning environments. Moreover, 

quantum dot-based protocols can enhance adaptive connectivity and optimal communication 

effectiveness in mixed mobile learning environments. 

In this paper, a Nano-Networking and Quantum Dot Communication Protocol (NN-QDCP) 

framework for scalable mobile e-learning deployment is proposed. Integration of the proposed 

framework into nano-sensor-based communication, adaptive routing by means of quantum dots, and 

intelligent latency-aware transmission control will allow for optimal distribution of educational content 

through the dynamically changing wireless network. The study performs the evaluation of the proposed 

model based on the performance metrics such as latency, throughput, scalability, energy efficiency, and 
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PDR. The results show that the proposed method has a tremendous contribution to enhancing the 

performance of communication when compared to the traditional mobile learning architectures, which 

helps to build reliable, intelligent, and future-oriented wireless education systems. 

Key Contributions 

• Offers a new protocol for mobile e-learning in scalable environments known as Nano-Networking 

and Quantum Dot Communication Protocol (NN-QDCP).  

• Implements latency-aware adaptive routing for better performance in delivering real-time 

educational content.  

• Combines communication between nano-devices with quantum dot transmission to optimize 

energy consumption and bandwidth usage.  

• Analyzes the suggested scheme with several network performance metrics, and shows that the 

network can be scaled up, provide high throughput, and offer better communication reliability, 

compared to the traditional method. 

The paper is organized as follows: The literature review is presented in Section II, and the proposed 

methodology, namely Nano-Networking and Quantum Dot Communication Protocol (NN-QDCP), its 

architecture, algorithm, and mathematical formulation are described in Section III. The experimental 

setup, data set, parameters initialization, performance metrics, and comparative analysis are explained 

in Section IV. The paper ends with Section V, which summarizes future research opportunities related to 

scalable mobile e-learning systems. 

2 Literature Survey 

The evolution of 6G wireless communication, the advancements in wireless communication, and the 

intelligent networking have greatly shaped the design and development of the next-generation mobile  

e-learning systems. A few research works point out the adoption of new communication paradigms that 

are ultra-low latency, highly scalable, and energy efficient for energy-constrained learning applications 

and environments. 

These works highlight the fact that the 6G networks and beyond will be able to support the 

connectivity of massive devices and have an extremely low latency, which can be good for real-time             

e-learning environments (Singh et al., 2025; Akyildiz et al., 2020). Likewise, another study mentions 

the new requirements for 6G, which include high spectral efficiency and intelligent resource 

management, which are crucial for the educational AR/VR system (Singh et al., 2024). These studies 

form a stepping stone to seek the demand for enhanced communication architecture, such as                      

nano-networking with intelligent routing (Ashok & Hallur, 2024). 

Previous work shows the significance of lightweight communication protocols like MQTT to lower 

overhead in real-time data exchange systems (Yadav, 2022; Timalsina et al., 2025). These solutions still 

have scalability restrictions in ultra-dense environments, however, which further drives the need for 

more sophisticated solutions (Qazi et al., 2024). 

There has been growing interest in recent literature on quantum communication, as well as AI-driven 

networking. It is mentioned how quantum communication is more secure and efficient in data 

transmission, and a quantum weighted routing approach for selecting the optimal route in a dynamic 
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network is proposed (Mafu, 2024; Al-Emran & Deveci, 2024; An et al., 2026). The results are all well 

in line with the use of quantum dot-based communication protocols in high-performance networks. 

At the same time, there has been an improvement in the adaptability and utilization of resources in 

the area of AI-driven edge computing and IoT-based e-learning systems (Fraga-Lamas et al., 2019). 

These papers highlight the potential of AI systems towards enhancing decision-making and scalability 

in digital learning environments (Setiawan et al., 2022; Sivarethinamohan et al., 2025). Besides, the 

studies show that scalability is also a major issue in large-scale e-learning deployments, especially in 

rural and high user density environments (Apriyanto et al., 2024; Usmanov et al., 2021). 

Studies that highlight the need for robust frameworks in distributed learning systems (Murala & 

Jahankhani, 2023; Mafu, 2024) also focus on security and the reliability of systems. Despite these 

strides, current techniques remain limited in their ability to achieve simultaneously very low latency, 

high throughput, and large-scale scalability. 

The findings from the literature review show that these three technologies – 6G, quantum 

communication, and AI-powered edge systems – have each contributed to enhancing mobile e-learning 

in various ways, but there is still a gap in research that focuses on combining these three technologies 

into a single communication structure. This is the motivation for the proposed NN-QDCP model, which 

consists of a combination of nano-networking, quantum dot communication, and edge intelligence to 

ensure optimized latency, scalability, and reliability in ultra-dense mobile learning environments. 

3 Proposed Nano-Networking and Quantum Dot Communication 

Framework 

In the proposed Nano-Networking and Quantum Dot Communication Protocol (NN-QDCP), the         

energy-efficient, scalable, and ultra-low latency communication between the mobile e-learning system 

and the content provider is achieved. This framework consists of the nano-networking devices, quantum 

dots for communications, intelligent routers, and dynamic resource allocations to facilitate the provision 

of educational content in real time. The methodology emphasizes how to reduce transmission delay, 

increase throughput, and guarantee the reliability of the communication in large-scale wireless learning 

systems. 

The proposed framework consists of five major operational layers: 

1. Mobile E-Learning User Layer  

2. Nano-Sensor Communication Layer  

3. Quantum Dot Routing and Transmission Layer  

4. Edge Intelligence and Resource Allocation Layer  

5. Cloud-Based Learning Management Layer  

First, mobile learners create educational requests, like streaming video, accessing virtual laboratories, 

online exams, and sharing learning space. The requests are sensed by the communication nodes of the 

network equipped with nanotechnology, which are constantly monitoring the network and know the 

signal strength, the latency, the congestion of the nodes, and the usage of energy. The collected 

information of the network is passed on to the quantum dot communication controller by the nano-sensor 

layer. The intelligent router will decide the optimal routes for the information to take using the policy of 

routing and latency-aware communications. The channels using quantum dots provide high efficiency 

of signal propagation and minimize interference in the process of transmitting educational content. The 
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edge intelligence layer features machine learning algorithms that allocate bandwidth, computational 

resources, and priorities for transmissions based on the current demands of the network and the learners. 

The cloud learning layer is for storing learning materials, learners' records, multimedia, and collaborative 

learning services. The proposed NN-QDCP framework continuously works with the help of monitoring, 

adaptive routing, optimizing traffic, and intelligent communication management. The integrated 

architecture has enhanced the scalability and ensured reliable communication of next-generation mobile 

e-learning systems. 

 

Figure 1: Conceptual architecture of the proposed nano-networking and quantum dot communication 

protocol (NN-QDCP) for mobile e-learning 

The proposed NN-QDCP framework is shown to have a layered architecture as illustrated in                     

figure 1, for scalable and ultra-low latency mobile e-learning systems. Combines the use of nano-sensors 

with communication, quantum dot routing, edge intelligence, and cloud-based learning management 

systems to maximize data transfer, resource allocation, and communication reliability. This framework 

improves the throughput, energy efficiency, adaptive routing, and secure educational content delivery in 

next-generation wireless learning environments. 

Algorithm 1: Nano-Networking Quantum Dot Routing Algorithm (NN-QDRA) 

Input: 

𝐿𝑟← Mobile learning requests 

  𝑁𝑛 ← Nano communication nodes 

    𝑄𝑐 ← Quantum communication channels 

𝑆𝑛 ← Network state information 
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Output: 

    Optimized_Communication_Path 

    Reduced_Latency 

    Improved_Throughput 

Begin 

1. Network Initialization 

    Initialize Mobile_Learner_Nodes 

    Activate Nano_Sensor_Devices (𝑁𝑛) 

    Establish Quantum_Dot_Channels (𝑄𝑐) 

2. Network Monitoring 

    For each node in 𝑁𝑛do 

        Collect Signal_Strength 

        Collect Node_Congestion 

        Collect Energy_Level 

        Collect Delay_Status 

    End For 

    Store all parameters in Edge_Controller 

3. Adaptive Route Selection 

    For each possible path P in the network, do 

        Compute Latency(P) 

        Compute Channel_Quality(P) 

        Compute Bandwidth(P) 

    End For 

    Select Optimal_Path where: 

        Latency is minimum 

        Bandwidth is maximum 

        Congestion is minimal 

4. Quantum Dot Transmission 

    For each packet in 𝐿𝑟do 

        Encode Packet 

        Transmit via Optimal_Path using 𝑄𝑐 

        Adjust Transmission_Power dynamically 

    End For 

5. Resource Allocation 

    For each learner request in 𝐿𝑟do 

        Allocate Bandwidth based on Priority_Level 

        Assign Edge_Computing_Resources 

    End For 
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    Balance Network_Load across Edge_Nodes 

6. Performance Update 

    Compute Throughput 

    Compute Packet_Delivery_Ratio (PDR) 

    Update Routing_Table 

    If the Communication_Session has not ended, then 

        Go to Step 2 

    End If 

End 

The aim of Algorithm 1 is to optimize the communication in mobile e-learning environments by 

combining nano-networking with quantum dot-based transmission techniques. It starts with initializing 

nano-sensor nodes and creating quantum communication channels, before continuously monitoring the 

real-time situation of the network, including congestion, signal power, and energy. Using this data, the 

algorithm determines an optimal route to take, choosing one that will have the lowest latency, highest 

bandwidth, and least congestion. The educational data packets are then sent via the quantum dot-enabled 

channels using adaptive power control to assure efficient delivery. Moreover, the algorithm will allocate 

bandwidth and edge computing resources depending on the priorities of the learners. Lastly, metrics of 

system performance like throughput and packet delivery ratio are constantly updated, allowing the  

real-time optimization of system routing for better scalability, reliability, and energy efficiency of                    

large-scale mobile learning systems. 

3.1 Mathematical Descriptions 

Latency Optimization Model 

The total communication latency is calculated as equation (1): 

𝐿𝑡 = ∑ (
𝑛

𝑖=1
𝑇𝑡

𝑖 + 𝑇𝑞
𝑖 + 𝑇𝑝

𝑖)                  (1) 

Where, 𝐿𝑡= Total communication latency, 𝑇𝑡
𝑖= Transmission delay of node 𝑖, 𝑇𝑞

𝑖= Queue delay of 

node 𝑖, 𝑇𝑝
𝑖= Processing delay of node 𝑖, 𝑛= Number of communication nodes  

The objective of the proposed framework is represented in equation (2): 

min(𝐿𝑡)                                              (2) 

This minimizes the overall communication delay during mobile e-learning data transmission. 

Quantum Dot Communication Efficiency Model 

The communication efficiency of the quantum dot transmission layer is represented as equation (3): 

𝑄𝑒 =
𝑃𝑑×𝐵𝑤

𝐸𝑐+𝐼𝑛
                                         (3) 

Where, 𝑄𝑒= Quantum communication efficiency, 𝑃𝑑= Packet delivery ratio, 𝐵𝑤= Available 

bandwidth, 𝐸𝑐= Energy consumption, 𝐼𝑛= Interference noise. 

The objectives are illustrated as equation (4): 

max(𝑄𝑒)               (4) 
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This improves throughput, communication stability, and spectral efficiency in ultra-dense mobile 

learning networks. 

4 Results and Discussion 

To validate the proposed NN-QDCP model, a simulation experiment was conducted by building a 

wireless mobile e-learning environment to emulate ultra-dense communication scenarios. The 

experiment was implemented through NS-3 for network simulation, MATLAB R2024a for mathematical 

analysis, Python 3.11 for data processing and visualization, TensorFlow for optimization of edge 

intelligence, and Ubuntu 22.04 as the operating system. The simulation environment was built to imitate 

massive mobile learning traffic with nano-enabled devices and quantum dot communication channels. 

An artificial dataset including 150,000 requests of learning services generated by 12,000 mobile devices 

and 2,500 nano-devices was created to conduct the experiment, which involved multimedia learning 

interactions like video learning, audio learning, quizzes, and AR/VR sessions. Relevant features such as 

delays, signals, throughput, and energy were considered and classified into training (70%) and testing 

(30%) datasets. Parameters were set to be 1500×1500 m² area, 120 seconds simulation time, 120 m 

transmission range, 200 MHz bandwidth, 120 J initial energy, and 5 THz quantum frequency. 

4.1 Performance Metrics  

Latency: Equation (5) measures the average time taken for data packets to be transmitted across the 

network. 

𝐿𝑎𝑡𝑒𝑛𝑐𝑦 =
∑ 𝑇𝑖

𝑛
𝑖=1

𝑛
                                                        (5) 

Throughput: Equation (6) rrepresents the total amount of data successfully delivered over a given 

transmission time. 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑇𝑜𝑡𝑎𝑙 𝐷𝑎𝑡𝑎 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
                              (6) 

Packet Delivery Ratio (PDR): Equation (7) indicates the percentage of successfully received packets 

out of all sent packets. 

𝑃𝐷𝑅 =
𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑆𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙𝑙𝑦 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑆𝑒𝑛𝑡
× 100                   (7) 

Energy Efficiency: Equation (8) evaluates how effectively the system transmits useful data per unit 

of energy consumed. 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑈𝑠𝑒𝑓𝑢𝑙 𝐷𝑎𝑡𝑎 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑

 𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
           (8) 

Scalability Efficiency: Equation (9) assesses how well the system maintains performance as the 

number of connected users increases. 

𝑆𝑐𝑎𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑈𝑠𝑒𝑟𝑠
                         (9) 
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4.2 Performance Comparison 

Table 1: Performance comparison of NN-QDCP with existing mobile e-learning communication 

models 

Method 
Latency 

(ms) ↓ 

Throughput 

(Mbps) ↑ 

PDR 

(%) ↑ 

Energy 

Efficiency (%) ↑ 

Scalability 

(%) ↑ 

Conventional Mobile Learning 

Network (CMLN)  
42.6 210 88.4 72.5 74.1 

Edge-Assisted Learning 

System (EALS)  
34.8 265 91.2 79.4 81.6 

Blockchain-Based Learning 

Framework (BBLF)  
28.5 302 93.5 84.7 86.8 

AI-Driven Wireless Learning 

Network (AIWLN)  
22.1 338 95.4 88.2 91.5 

Proposed NN-QDCP 14.3 412 98.1 94.6 97.3 

The comparative analysis of the proposed NN-QDCP model against the existing models like CMLN, 

EALS, BBLF, and AIWLN on different performance aspects like latency, throughput, PDR, energy 

efficiency, and scalability is shown in table 1. It can be seen from the table that the proposed model 

provides the best results in terms of performance by providing minimum latency (14.3 ms), maximum 

throughput (412 Mbps), maximum PDR (98.1%), and best energy efficiency and scalability (94.6% & 

97.3%). 

 

Figure 2: Performance comparison of NN-QDCP with existing methods across key network metrics 
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In figure 2 shows a comparative analysis of five communication models, viz., CMLN, EALS, BBLF, 

AIWLN, and the proposed NN-QDCP, along with the five performance measures, which include latency, 

throughput, Packet Delivery Ratio (PDR), energy efficiency, and scalability.  

Conclusions based on the results show that the NN-QDCP framework can effectively reduce latency 

while increasing the throughput and scalability of the system. This is achieved through the inclusion of 

nano-networking and quantum dot communications in the adaptive routing process in an ultra-dense 

learning environment. 

4.3 Ablation Study 

Ablation experiments were carried out for analyzing the impact of individual modules used in NN-QDCP 

approach. 

Table 2: Ablation study of proposed framework 

Configuration Latency (ms) Throughput (Mbps) PDR (%) 

Without Nano-Networking 29.6 301 91.4 

Without Quantum Dot Routing 25.8 324 93.1 

Without Edge Intelligence 20.7 351 95.2 

Full Proposed NN-QDCP 14.3 412 98.1 

In table 2 proves that the combination of nano-networking, quantum dots communication, and edge 

intelligence has been contributing positively towards improving the communication effectiveness. 

Omitting any single module makes the system inefficient, increases latency, and decreases the 

throughput rate. 

5 Discussion 

The NN-QDCP communication model presented above has proven to be very efficient in overcoming 

the key problems faced in big mobile e-learning frameworks. First, the introduction of nano-networking 

contributes greatly to effective communication management, whereas quantum dot communication 

increases the efficiency of transmission and reduces transmission delays. The use of edge computing 

also facilitates effective resource allocation and load balancing. 

When compared to other communication strategies currently available, the above model proves to be 

far more effective in terms of its performance in all parameters tested. The model will be very useful in 

the next generation of learning ecosystems using such technologies as augmented and virtual reality. 

6 Conclusion 

The proposed Nano-Networking and Quantum Dot Communication Protocol (NN-QDCP) framework 

shows a significant improvement in enabling ultra-low latency and highly scalable mobile e-learning 

environment. The study demonstrates that the combination of nano-networking, quantum dot 

communication and edge intelligence can greatly improve wireless learning system performance in  

high-density traffic scenarios. The experimental results show that the proposed model is superior in all 

the analyzed metrics to the other models, which proves the effectiveness of the proposed model for next 

generation educational communication systems. Qualitatively, the NN-QDCP experienced a latency of 

14.3ms, which is much less than that of AIWLN (22.1ms) and over 66% improvement over CMLN 

(42.6ms). The throughput of 412 Mbps was significantly higher than that of AIWLN (338 Mbps), and 
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around 96% higher than CMLN (210 Mbps). Even in such dense network environments, Packet Delivery 

Ratio (PDR) was also high at 98.1%, which reflects the high reliability of communication. Additionally, 

with energy efficiency reaching 94.6%, there was a significant decrease in communication overhead, 

and the scalability result of 97.3% confirmed the framework's ability in supporting large numbers of 

learners and high volumes of data exchange. The ablation study also confirms the contribution from each 

component. When nano-networking was removed, throughput dropped from 412 Mbps to 301 Mbps 

with a latency of 29.6 ms and PDR was lowered to 93.1% when quantum dot routing was removed. 

Without edge intelligence, adaptive efficiency decreased, reaffirming the need for the combined 

architecture to maximize performance. In sum, these statistical results clearly reveal the importance of 

the synergy of nanoscale communication, quantum-enhanced transmission and intelligent coordination 

at the edge for high performance mobile learning networks. Although these are encouraging outcomes, 

further investigations are possible on implementing the nano-networking devices in the real world, the 

incorporation with quantum communication hardware prototypes, and of security improvements with 

quantum cryptographic protocols. Moreover, more research on self-healing networks using AI, edge 

optimization using federated learning, and energy harvesting technologies for nano-nodes could further 

enhance sustainability. The network model could also be extended to support heterogeneous 6G/7G 

networks and immersive learning environments based on the metaverse, which are other interesting 

avenues for future research. 
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