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A B S T R A C T  
 

To progress communication and sensing in recent years, the Sixth-Generation (6G) network was 

developed. To transform the technological landscape of model transmission networks we use the 6G 

network, and it also used to enhance the speed, decrease the latency and improve the connectivity of 

network. Yet, in the 6G infrastructure with these developments it has severe challenge, that is the 6G 

network does not negate the benefits of energy consumption associated with network. In 6G 

communication the sensing performance of the smart device only relay on the available power of the 

network, and in the 6G communication energy efficiency becomes crucial. To progress the energy 

efficiency of data transmission in 6G communication networks, we deployed a Data Transmission Rate 

Allocation (DTRA) method. Moreover, to progress the data transmission of efficient nodes we deploy a 

Residual Energy Cluster Head (RECH) method. In addition, to improve the reliability and speed in the 

6G network we use Dynamic Multipath Routing Protocol (DMRP) method, and it also mitigate the 

channel defects. Atlast, in the 6G communication networks we certify QoS through optimizing the 

transmission rate of the user equipment through low energy consumption, and quality of channel by the 

use of DTRA method. Finally, in this paper we evaluate the metrices performance of the existing methods 

and proposed method, for instance: efficiency, energy consumption, network lifetime, and transmission 

speed. After evaluate the performance metrices the DTRA method enhance network lifetime and energy 

efficiency of 95.3% based on 6G communication networks.

1. INTRODUCTION 

As mobile technology advances from 1G to 6G, the objectives of users and network operators are evolving. In the current 

communication environment, 6G mobile communication systems are expected to content various corporate objectives. 

Social processes are becoming more automated, data-driven, and system-focused in the present era. Heterogeneous 

networks have recently gained significant attention as a new framework for emerging networks due to their potential in 

social processes [1]. Modern communication networks need to achieve greater spatial spectrum reuse efficiency while 

improving users' quality of service (QoS). In particular, they support significant connectivity by providing a robust service 

experience in high-demand, high-population areas. These advanced networks outperform 6G communication networks 

regarding spatial spectrum efficiency and QoS metrics, ensuring users receive reliable, high-quality connectivity. 
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Proper network management is critical to efficiently supporting highly heterogeneous applications with stringent QoS 

requirements. The 6G mobile heterogeneous network (HetNet) addresses the challenges of highly dense environments by 

facilitating seamless connectivity between various network elements. The ecosystem creates a robust infrastructure that 

reduces energy consumption and improves operational costs. Managing these issues is crucial for achieving stable, high-

performance networks in the 6G communication system [2]. For making on advances on wireless communication 

technology by their predecessors the cellular data networks represent the 6G networks. To enhance the capacity of data 

transmission, and reduce the delay the 5G and 6G networks use the higher frequency bands. The unprecedented 

communication latency of just 1 ms, and enhance 5G capabilities for thousand times is the main objective of 6G technology 

[3]. 

The traditional cell-based networks present significant challenges due to inherent ruggedness and fluctuations it increases 

cell-to-cell interference in the current wireless infrastructure. The drawback is lead to an inconsistent QoS across network, 

and it is troubles for mobile network operators. To improve the user experience and operation efficiency there is need 

highly adaptable and efficient network [4]. So, we use modern wireless network, in this infrastructure it encounters 

reliability challenges and it produce consistent QoS across diverse user nodes. But the modern wireless network face the 

limitations of conventional cellular designs, so it produce the some drawback such as network efficiency and user 

experience.  

This paper contributes to the energy efficiency of data transmission in 6G communication networks using the proposed 

DTRA method. In addition, a RECH selection algorithm improves data transmission between network nodes. The DMRP 

technique can also mitigate channel defects and enhance network reliability and speed. Finally, the proposed method is 

used to improve the transmission speed of the terminal according to the channel quality in 6G communication and to ensure 

the QoS by reducing energy consumption. 

 

2. LITERATURE SURVEY  

The author [5] proposed developing and implementing sustainable practices in 6 G wireless communication systems to 

provide industry practitioners and policymakers with sustainable solutions and valuable insights. However, the impact and 

energy consumption of 6G communication systems is a more significant environmental problem. Therefore, to solve the 

problems related to 6G communication, it evaluates communication systems based on SIMs connected to the transmitter 

and receiver via holographic multiple input multiple outputs (HMIMO). In addition [6], HMIMO provides fundamental 

insights for theoretically analyzing channel capacity. Routing optimization in wireless mesh networks analyzes quantum 

computing speed based on Quantum Approximate Optimization Algorithms (QAOA). However, traditional computer 

processing power is still required to analyze these characteristics [7]. 

The analysis of active Heterogeneous Cellular Networks (HCNs) will assess the feasibility of implementing node selection 

schemes for information sharing in 6G and other networks [8]. However, the current node cannot improve the sampling 

process through the selection scheme. The study explores new services and technologies for developing 6G data 

communication options [9]. The author proposed the Fuzzy-Based Spectrum Allocation (FBSA) technique to distribute 

resources for 6G communication across devices effectively and equitably [10]. Next, a Multi-Objective Particle Swarm 

Optimization (MOPSO) algorithm for collective resource optimization is suggested to assess the power and spectrum 

optimization of small and macro cell base stations [11]. Sharing resources efficiently among various users is challenging 

in 6G mobile networks. In microcell networks, a handover method for cell edge users is developed in the study [12]. To 

modify the interference intensity a handover methodology on the basis of Reference Signal Received Quality (RSRQ) was 

presented. 

In Wireless Sensor Networks (WSN) for conventional 5G/6G communication the author [13] deployed Collaborative 

Energy-Efficient Routing Protocol (CEEPR) method. To replace the concave fractional programming optimization in a 

Mixed Integer Nonlinear Programming (MINLP) the author [14] suggested an outer approximation approach. To meet the 

rigorous connectivity requirements and improve capabilities of various 6G applications the author [15] dep0oyed a DMR 

method. 
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3. PROPOSED METHODOLOGY  

For improve the energy effectively of data transmission among 6G communication networks the DTRA method was 

deployed on this section. Optimize the data transmission among network nodes and confirms efficient use of energy 

resources the RECH method was used. To improve the speed and reliability of data transmission and mitigate channels in 

all along network through the DMRP algorithm. To optimize the user equipment communication rates via real-time channel 

quality estimation the DTRA method was used. By following we compute the key execution metrices for instance, 

throughput, energy efficiency, network lifetime, and transfer speed through benchmarking. For the 6G communication 

framework the GTRA provides the optimal solution. 

 
Fig .1. The Architecture Diagram Based on Proposed DTRA Method 

 

The architectural diagram of the DTRA method was illustrate in Fig 1. In this diagram the DTRA method is used to optimize 

the energy efficiency for the data transmission based on 6G communication networks. It is able to enhance the real-time 

transmission rate of user equipment. Furthermore, the proposed method gives an ideal outcome for the 6G communication 

network field. 

 

3.1 Residual Energy Cluster Head (RECH) 

To optimize the data transmission for the efficient node based on 6G communication network this section picks out RECH 

method. This is used to update each and every node energy estimation via data bytes based on sending and receiving. By 

using RECH the remaining energy of data transmit to the first destination and it is used to examine optimal cluster. Than 

other sensor nodes the cluster head consumes more energy while transmitting, receiving and processing data. Then, to re-

establish the cluster head in each and every round the RECH method is used, and the proposed method employing the 

residual energy of the network nodes. These provide effective nodes to improve data transmission in 6G communication 

networks. 

The sensor nodes in the network use Equation 3 to select a cluster head by generating a random number. The cluster head 

ratio determines the probability of a sensor node being selected in round 0, and then the node's value in the current round 

of the 6G network is calculated. Let’s assume 𝐶𝐻 −cluster head, 𝜁𝐶𝐻 −ratio, 𝑅𝑢𝑐 −set of nodes round, 𝑊𝑦 −threshold 

value, n-random umber. 

𝑊𝑦(𝑑𝑗) = {

𝜁𝐶𝐻

1−𝜁𝐶𝐻(𝑅𝑢𝑐∗𝑚𝑜𝑑(1
𝜁𝐶𝐻

⁄ ))

,    𝑑 ∈ 𝑊  

0                  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

          (1) 

Equation 2 illustrates the distances between the initial and base stations for selecting CH based on residual energy. Let’s 

assume 𝐿𝑂 −optimum constant value, N-distance, 𝑁𝐴 −average distance node and base station, 𝑁𝑗 −distance between the 

nodes 

𝑊𝑦(𝑑𝑗) =
𝜁𝐶𝐻

1−𝜁𝐶𝐻(𝑅𝑢𝑐∗𝑚𝑜𝑑(1
𝜁𝐶𝐻

⁄ ))

× (𝐿𝑂 ×
𝑁𝐴

𝑁𝑗
)      𝑖𝑓𝑊 ∈ 𝑌         (2) 
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Equations 3 and 4 represent the distance between the nodes and the base stations for each cluster member. Let’s assume 

𝑁𝑤𝑠−𝐵𝑆 −distance between node and base station, 𝑁𝑤𝑠−𝐶𝐻 −distance between efficient node and cluster head.   

𝑁𝑤𝑠−𝐵𝑆 = √(𝑈𝑗 − 𝑈𝑏𝑠)
2

− (𝑉𝑗 − 𝑉𝑏𝑠)
2
           (3) 

𝑁𝑤𝑠−𝐶𝐻(𝑛) = √(𝑈𝑗 − 𝑈𝑏𝑠)
2

− (𝑉𝑗 − 𝑉𝑏𝑠)
2
           (4) 

The cluster members estimate the distance between nodes and BSs and between CHs. By following these equations, we 

illustrate that RECH method can effectively optimizes the data transmission for the 6G communication network nodes.  

 

3.2 Dynamic Multipath Routing Protocol (DMRP) 

In this phase to decrease channel faults and then progress the reliability and speed of 6G networks we use DMRP method. 

In the 6G network to minimize the energy consumption and maximize the network lifetime the DMRP is used. The 

deployed method utilizes the multiple path to progress the data transfer among source and destination. Which relay on pre-

defined paths the DMRP chose and keep inform on the best path based on network conditions for instance congestion, 

latency and link quality. The routing decisions are adaptive and it able to adjust in traffic volume within the network. By 

dividing traffic along several channels, the DMR can efficiently balance the load and enhancing overall network 

performance. In order to satisfy the demanding low-latency specifications of 6G networks the DMRP is swiftly adjust the 

optimal paths. To briefly describe the DMRP performance we execute some equations in below. 

In the equation 5 we compute the path cost, 

𝐸𝑞 = 𝑁𝑤𝑠−𝐶𝐻(𝑢1. 𝐺𝑞 + 𝑢2. 𝐾𝑞
−1 + 𝑢3. 𝐻𝑞)           (5) 

here, 𝐸𝑞  is known for the cost of path, the 𝑢 is meant for weighting factors,  𝐺𝑞  is meant for latency accompanying through 

path, the 𝐾𝑞 is meant for bandwith available at path, and the 𝐻𝑞  is meant for energy consumption on path.  There are several 

metrics that can be used to obtain the answer to equation 1, including latency, bandwidth, and energy consumption. Through 

the following equation 1we estimate the quality of link through equation 6, 

𝐿𝑥,𝑦 =
𝑅  𝑍𝑥,𝑦

𝑆𝑙𝑜𝑠𝑠
. 𝑍𝑥𝑦              (6) 

here, 𝐿 is known for the quality of link, 𝑥, 𝑦 are the nodes, 𝑅 is known for signal-to-noise ratio, 𝑆𝑙𝑜𝑠𝑠 is known for the packet 

loss probability at link, and 𝑍𝑥𝑦 is the data rate of the link. The following in equation 7 we compute the routing decision 

metric, 

𝐷𝑞 = 𝛼. 𝐸𝑞 + 𝛽. (
1

𝐿𝑥,𝑦
)             (7) 

here, 𝐷𝑞  is mention for decision metric for path, and the 𝛼, 𝛽 is known for weighting coefficients.  Path cost and link quality 

may influence the total routing choice metric used to choose a path. A popular strategy is to reduce the path cost and inverse 

link quality weighted sum. In equation 8 we compute the flow optimization based on multipath routing,  

min 𝑚𝑎𝑥 (𝑓(𝑖𝑞))             (8) 

here, the 𝑖𝑞 is known for the amount of flow on path, and the 𝑓(𝑖𝑞) is known for the capacity of path and flow of the 

function. In order to maximise performance, dynamic multipath routing frequently distributes traffic among several paths. 

Minimising the greatest congestion 𝑓(𝑖𝑞) on any path can be the objective if 𝑖𝑞  is the flow quantity on path. After identify 

the flow quantity of path in below equation 9 we compute the energy-efficient routing, 

𝐻𝑞 = ∑ ℎ𝑥,𝑦. 𝑖𝑞(𝑥,𝑦)∈𝑞              (9) 

here, ℎ𝑥,𝑦 is known for the energy consumption per unit among nodes. The equation 10 is used to minimize the total energy 

consumption across all paths.  

𝐶𝑞 = ∑ 𝑔𝑥𝑦(𝑥,𝑦)∈𝑞             (10) 

in this equation 10 the 𝑔𝑥𝑦 is known for delay, the 𝐶𝑞 is illustrate for the path of latency. It is used to path selecting through 

the lowest 𝑔. The speed and reliability are computed in equation 11 via LB.  

𝐿𝐵 = √
1

𝑛
∑ (𝑖𝑞 − 𝑖)̅

2𝑛
𝑞=1            (11) 
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in equation 11 the LB is minimized and it attain the balanced traffic distribution. By following these equations, it achieves 

best performance in various characteristics for instance latency, energy efficiency and reliability in 6G networks. 

 

3.3 Energy-Efficient Data Transmission Rate Allocation (DTRA) 

In this phase we ensuring QoS by increasing transmission speed and diminishing the energy consumption of network node 

through DTRA method, and it is also used for progress the data transmission effectively in 6G communication networks. 

In this method the each and every user able to employ the deployed method to adjust the transmitted data on the basis of 

quality of channel, and it is used to estimate channel coefficients. In the 6G communication network we can assess the data 

transmission rate of the consumption of whole power based on user terminal. If the transmission speed falls below by the 

use of this method the user able to modify the equipment transmission energy. DTRA is updating the current channel state 

to maintain QoS and enhancing the data transmission. 

Algorithm: DTRA 

Input Progress the speed and reliability ← LB 

Output: Improves data transfer in the 6G network← j 

Start 

Evaluate the number of user equipment and base stations  

For each j = 1, DUE, DBS = 8 

  Select a base stationBSi 

End for each   

Calculate the total amount of interference from all users ← Jj 

Compute white Gaussian noise← dj 

Calculates total energy consumption of user equipment← Pji 

Calculate the user's transmission power← j 

  For each 0 ≤ gj
tr ≤ gmax 

Evaluate the probability density function Vji ∈ V   

Calculate the device's total power consumption← Gj
con 

Compute the optimal channel coefficients 

q̂j
opt

= arg max
q̂j

b(vji|q̂j)          (12) 

Evaluate Tr (∑qj
)  and Rj(qj) 

Evaluate wireless user equipment transmission and rate 

If (∑ Tr (∑qj
)l

j=1 ≤ ε)  or (Rj(qj) < Rmin) 

Observe the user's payoff ← j 

End if 

Update ← q 

j = j + 1             (13) 

Estimate the transmit power of all users 

Return ← j 

End 

Let’s assume jj −interfering all user, dj −gaussian noise, data transmission energy, j − Improve the transmission of user 

data,  gmax −Maximum power, gj
tr −covariance matrix of the transmitted power, ĝj

opt
−optimal compact user, vji ∈

v −pprobability density function, q-compact. The DTRA algorithm increases the transmission speed to ensure QoS and 

effectively improve the data transmission in the 6G communication network. 
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4. RESULT AND DISCUSSION  

This section validates the proposed DTRA algorithm through simulations conducted with the NS2 tool, focusing on 

optimizing energy efficiency during data transmission. Furthermore, the previous methods for instance FBSA, CEEPR, 

and QAOA were compared to the clustering-based approach. This method optimizes transmission power based on the 

channel expansion level, enhancing transmission speed and improving the QoS performance of data transmission in 6G 

communication networks. Furthermore, the proposed DTRA method can enhance network performance in 6G 

communications by utilizing metrics such as throughput, energy efficiency, network lifetime, and transmission speed. 

 

TABLE I. SIMULATION PARAMETER  

Parameter Value 

Simulator NS-2 

Number of network node 501 

Transmission range 32m 

Packet Size 513bytes 

Cluster head 18 

Bandwidth 16 

Initial energy 0.34mJ 

Simulation time 550sec 

Number of iterations 102 

Location 700m × 700m 

 

Table 1 displays the parameters utilized in the simulation and compares them with the proposed performance analysis. The 

parameter values can also estimate various other factors, including the number of network nodes, transmission range, and 

packet size. 

 

 
Fig .2. Analysis of Throughput 

Fig 2 demonstrates that energy efficiency in a 6G communication network can be optimized through throughput analysis. 

Additionally, it highlights the proposed and previously established methods to enhance energy efficiency during data 

transmission. As a result, improvements of 80.4% were noted compared to the proposed DTRA technique in the throughput 

analysis. Furthermore, when comparing previous approaches such as FBSA, CEEPR, and QAOA with the proposed 

method, performance evaluations showed improvements of 70.9%, 73%, and 77%, respectively, further enhancing data 

transmission in the 6G communication network. 
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Fig .3. Analysis of Energy Efficiency 

 

As shown in Fig 3, data transmission can be optimized in 6G communication networks based on energy efficiency analysis. 

Additionally, presents the proposed method and previous methods to improve the power efficiency of data transmission. 

Therefore, an 86.8% improvement in energy efficiency analysis was measured compared to the proposed DTRA technique. 

Furthermore, comparing the previous FBSA, CEEPR, and QAOA methods with the method proposed in this article, the 

energy efficiency estimation reaches 74.6%, 79.8%, and 83.4%, respectively, which can improve data transmission of 6G 

communication networks. 

 

 
Fig .4. Analysis of Transmission Speed 

In Fig 4, it is demonstrated that 6G communication networks have the potential to enhance data transmission through 

energy efficiency analysis. Furthermore, comparing the proposed method with the previous technique to enhance the data 

transmission speed can improve energy efficiency. The study shows a 90.01% enhancement in transfer rate compared to 

the proposed DTRA technique. Additionally, the method proposed in this paper demonstrates a transmission rate estimation 

of 76.9%, 83.8%, and 85.3% when compared to previous FBSA, CEEPR, and QAOA methods, respectively.  
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Fig .4. Analysis of Network Lifetime 

 

The analyses of network lifetime were illustrated in Fig. 5. It is aimed at enhancing data transmission speed for the proposed 

method through compared with existing methods such as FBSA, CEEPR, and QAOA. By following the FBSA provides 

79.4%, the CEEPR provides 84.6%, and QAOA provides 91.6% and the DTRA provides 96.3%. When the lifetime 

increases in 6G communication networks the data transmission able to enhance.  

 

5. CONCLUSION  

The DTRA method which progress the energy efficiency of data transmission through communication networks were 

illustrate in this conclusion part. By using RECH the remaining energy of data transmit to the first destination and it is used 

to examine optimal cluster. Than other sensor nodes the cluster head consumes more energy while transmitting, receiving 

and processing data. In the 6G network to minimize the energy consumption and maximize the network lifetime the DMRP 

is used. The deployed method utilizes the multiple path to progress the data transfer among source and destination. By 

dividing traffic along several channels, the deployed method can efficiently balance the load and enhancing overall network 

performance. In the 6G communication network we can assess the data transmission rate of the consumption of whole 

power based on user terminal. If the transmission speed falls below by the use of this method the user able to modify the 

equipment transmission energy. DTRA is updating the current channel state to maintain QoS and enhancing the data 

transmission. Furthermore, the previous methods for instance FBSA, CEEPR, and QAOA were compared to the DTRA to 

analyse the transfer rate. The DTRA method enhance network lifetime and energy efficiency of 95.3% based on 6G 

communication networks. 
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