Journal of Universal Computer Science, vol. 32, no. 7 (2026), 1071-1100
submitted: 11/9/2025, accepted: 28/11/2025, appeared: 28/7/2026 CC BY 4.0

Energy Efficient 6G performance Improvement based on
Service Level Recursive Scheduling routing using Priority
Cycle Tags

Sangeetha E
(Department of Electronics and Communication Engineering, Kalasalingam Academy of
Research and Education, Krishnankoil, Tamil Nadu, India
https://orcid.org/0009-0002-4013-5033, sangetae@yahoo.com)

Deny J
(Department of Electronics and Communication Engineering, Kalasalingam Academy of
Research and Education, Krishnankoil, Tamil Nadu, India
https://orcid.org/0000-0001-6515-3575, j.deny@klu.ac.in)

Abstract: The development of sixth-generation (6G) mobile communications aims to deliver
super-fast connections at terahertz frequencies, surpassing those of 5G. Nonetheless, these im-
provements come with challenges of data leakage and packet misinsertion, and they place greater
pressure on secure and efficient routing. An Energy Optimized Network Route Cluster Bandwidth
(EONRCB) is an Enhanced Service Data Transmission (ESDT) model proposed in this paper to
circumvent these problems. The model contains several significant factors, such as Transmission
Node Support Weight (TNSW), which evaluates network traffic and petite access control, which
provides packet fragmentation and a secure route. Then, the Service Level Route Count Rollback
Node Aggregator (SLR-CRNA), which validates active route node interaction. Further, the Sleeper
Node Controller improves the consistency of node operations, whereas Slicing Neighbour Node
Path Routing (SN2PR) introduces consistency in the source-to-destination connectivity within edge
networks. Additional optimisation can be achieved through functionality such as Priority Cycle
Tags (PCT) and Recursive Scheduling Time (RST), which provide mechanisms to improve overall
RTPS throughput and node scheduling by minimising latency via a depth-first task alignment
scheme. The suggested architecture achieves higher energy efficiency, reduced congestion, and a
longer network lifespan. The performance of the proposed 6G framework will be validated against
existing models to assess its effectiveness.
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1 Introduction

The Internet of Things and 6G-enabled infrastructures have presented both unlimited op-
portunities and challenges concerning connectivity, security, energy efficiency, and smart
decision-making due to the rapid evolution of next-generation communication networks.
Routing protocols that utilize machine learning (ML) have garnered significant interest
in wireless sensor network (WSN) applications to optimize network lifetime through
data-driven and adaptive path selection strategies [Gaidhani and Potgantwar 2024]. The


https://orcid.org/0009-0002-4013-5033
https://orcid.org/0009-0002-4013-5033
https://orcid.org/0000-0001-6515-3575
https://orcid.org/0000-0001-6515-3575

1072 Sangeetha E, Deny J: Energy Efficient 6G performance Improvement based ...

emergence of artificial intelligence (Al)- powered satellite-based non-terrestrial networks
(NTNs) further expands the domain of global proficient communications, enabling un-
interrupted communication in remote and underserved areas, while also addressing the
challenges of latency and bandwidth limitations inherent in the 6G structure [Mahboob
and Liu 2024]. Simultaneously, faithful routing algorithms that consider path satisfaction
metrics are gaining popularity in energy internet structures, where energy-sensitive infor-
mation transfer is a primary goal [Liu et al. 2025]. Some people think that using game
theory along with network slicing and AI/ML can help deal with the growing security
challenges in 6G networks [Gupta et al. 2024].

The 5G/6G telecommunications have gained momentum because intelligent inte-
grated circuits and systems are advancing and could provide real-time adaptive resource
management and low-latency applications [Lambrechts et al. 2024]. Green 6G networks
have also been proposed in industrial [oT ecosystems, where energy-efficient network
designs can be introduced to increase sustainability in operations without sacrificing
utilization [Fernando and Lazaroiu 2024]. Another method in the making uses federated
deep reinforcement learning to optimise resource allocation in device-to-device-enabled
6G networks, where resource efficiency has to be increased without sacrificing data
privacy. [Noman et al.2024] Similarly, wireless sensor IoT networks have also been im-
plemented using Al-based stochastic optimization techniques, enabling energy-efficient
consumer electronics with reduced computational overhead [Masood et al. 2024]. Recent
trends in the field of vehicular social networks also involve the development of secure
and efficient data scheduling strategies to support real-time mobility, network congestion,
and privacy [Xia et al. 2024].

In addition, optimal agent coverage and opportunistic routing in flying ad-hoc net-
works (FANETSs) showed remarkable potential in weather forecasting tasks in terms of
both accuracy and reliability (precision weather forecasting), particularly by ensuring
resilience and adaptiveness of the airborne communication systems, of course, at the
cost of agent overhead [Pal et al. 2024]. Altogether, these developments underscore
the growing contributions of AI/ML-enabled initiatives to the development of future
communication networks, with a focus on energy efficiency, security, reliability, and
scalability as key research and development priorities.

To overcome this challenge, we design a SLR-CRNA approach capable of enhancing
physical network performance. A fundamental aspect of 6G is network slicing, where
network resources can be virtually partitioned among two or more users. Nevertheless,
existing slicing methodologies are still narrow in scope. The layered network can be
achieved through the use of these virtual switches, enabling Mobile Network Operators
(MNOs) to create several resource slices, one of which includes idle radio infrastructure
and virtual network resources. These slices can be leased or sold to other operators or
service providers so that each can provide services over its own logically distinct virtual
network environment. Resources are partitioned and issued to tenants based on pre-
decided agreements, becoming usable when the specified time ends during the Enhanced
Service Data Transfer (ES DT) process or when these resources are explicitly requested
by the source. Each slice that is provisioned is then continuously and assuredly held
under a Service Level Agreement (SLA).

The essence of the congestion control mechanism is that the destination network
purposely delays delivery of material till a predetermined deadline. When Recursive
Scheduling Time is enabled during scheduling, the order of the different links in the
chain is also important, as are the resource requirements. It includes the process of
resource provision, which involves allocating storage capacity and bandwidth based on
system requirements. When these resource, allocations are optimized, the mechanism
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optimizes the whole network’s performance, adding to its computational efficiency
and bandwidth utilization. An extensive experiment is described in this article. The
traditional greedy algorithm is used to compare continuous-time events in SLR-CRNA-
6G. This section presents the experiment, plots the results, and provides a discussion.
Comparisons with current methods: we compared SLR-CRNA with an accurate SLR-
CRNA that incorporates recursive scheduling time and a discrete-time event scheduling
scheme to assess its potential in relation to batch processing under a 6G setting. The rest
of the paper is organized in this way. In the next section, we will focus on simulating
the recursive scheduling time for a 6G network, and during this process, we will use
Preferred Periodic-Cycle Tags (PCT) to improve the efficiency of scheduling.

Section III presents the details of the SLFHCP2-6G algorithms. Section IV describes
the test tasks and their implementation. Relevant studies and related work are discussed in
Section V. Finally, the paper concludes with key findings and future research directions
in Section VI.

2 Literature survey

Yildiz et al. [Yildiz et al. 2025] provide an extensive review of energy-efficient coop-
erative routing, energy-efficient collaborative routing, and sustainable communication
strategies using the 5G/6G G-based Wireless Sensor Networks (WSNs). The paper
discusses the main challenges of WSN that include node energy shortage, data traffic
levels, and network lifespan, with an emphasis on the necessity to optimize routing
protocols. The comparison of the existing approaches presented by the authors is in the
areas of energy savings, latency, throughput, and scaling across different deployment use
cases. Another principal focus of the study relates to adopting Al-based optimization and
adaptive algorithms to enhance the efficiency of routing in the future IoT deployment of
high-density environments.

The researchers Yaseen and Joshi [Yaseen and Joshi 2025] studied lightweight
multi-hop routing protocols optimized to have efficient use of resources in the edge-
enabled Power Line Communication (PLC) IoT networks. The paper deals with PLC-
based IoT systems’ intrinsic issues, including the small bandwidth, extensive noise, and
inconstant link quality, which interfere with the reliability and energy consumption of
communication. Through emphasizing light routing mechanisms, the authors provide a
solution that minimizes overload in the computation time and device longevity by creating
a high level of data delivery. The paper contrasts the various multi-hop approaches and
puts them in comparison on the basis of parameters such as latency, the ratio of packet
delivery, and power required.

Othman et al. [Othman et al. 2025] elaborate on the most important enabling tech-
nologies of 6G networks, their applications, and their roles to determine the future
wireless communications systems, including the technologies of unmanned aerial vehi-
cles (UAVs), terahertz communications, and the intelligent reconfigurable surfaces. The
paper mentions the problems related to the increase in network coverage and flexibility
with UAVs, ultra-high-speed transmission with THz bands, and dynamic wireless propa-
gation environment control with IRS. Technological issues, channel modeling, mobility
management, and hardware constraints are reviewed by the authors, who also talk about
integration strategies to heterogeneous networks.

The paper by Sun et al. [Sun et al. 2025] introduces a survey on the knowledge-
based deep learning approach in intelligent wireless network optimization in 6G. This
paper is dedicated to combining domain knowledge and DL models in order to increase
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the adaptability of the network, resource distribution, and fault tolerance. The authors
divide the approaches into model-driven ones, data-driven ones, and hybrid frameworks,
evaluating the performance of each of them in the dynamic 6G environment. Future
research trends identify that knowledge-driven intelligence requires federated learning,
edge Al and cross-layer optimization to take full advantage.

Zhao et al. [Zhao et al. 2025] explore UAV-based networks joint mobility and routing
optimization with RSSI-based localization and multi-agent deep reinforcement learning
(DRL). The authors address the problem of ensuring a stable connection intact during the
movement of UAVs; this aspect is critical in the case of delay-sensitive IoT applications
and RTT-sensitive emergency messages. The framework improves the stability and the
energy consumption of the network by using RSSI measurements to accurately identify
where a node is located based on the current routing decisions occasioned by DRL. The
performance analysis indicates better packet delivery ratio, less latency, and throughput
over the conventional routing procedure.

The proposal by Zare Soltani et al. [Zare Soltani et al. 2025] presents a dynamic,
efficient load-balancing strategy for software-defined networks (SDNs) using a pol-
icy gradient approach to reinforcement learning. This technique dynamically allocates
network traffic to enhance Quality of Service (QoS) and reduce energy consumption
among controllers and switches. Simulation results indicate that the technique achieves a
significant reduction in packet loss, latency, and power consumption compared to static
or heuristic-based techniques.

Nie et al. [Nie et al. 2025] discuss the time-based scheduling of the offloading of
tasks in Time-Sensitive Networking (TSN)-based power networks on the edge. The
proposed approach provides deterministic latency and maximum resultant reliability
for industrial applications that are mission-critical. With the use of edge computing,
the computational loads can be processed closer to the data source, thus congesting the
backbone less. Evaluation outcomes given in the paper have displayed better rates of
accomplishment of the task and lower latency of the network. Future work is in the area
of adaptation with variable requirements regarding workload, integrating Al.

Table 1 provides a comparison of recent studies on advanced techniques, applica-
tions, and optimizations in 6G networks. It features a variety of research directions
deterministic network design, Al-based optimization, green communications, and non-
terrestrial connectivity. The methods covered include Proximal Policy Optimization,
Graph Neural Network, hybrid evolutionary algorithms, and generative diffusion mod-
els. Various works focus on special performance objectives such as ultra-low latency,
energy efficiency, high QoS, and extended coverage. A combination of these studies
is thus a comprehensive picture of the new trends developing in the future 6G wireless
ecosystems.

Ghafoor and Ashraf [Ghafoor and Ashraf 2024] introduce a new structure maximiz-
ing throughput and power efficiency within 6 G networks by a society consisting of
phone users, accompanied by clustering in UAV-based downlink hybrid multiple access
heterogeneous networks (Hentet’s). The research minimizes opinion sharing and group-
ing of users by utilizing the network of UAV mobility and hybrid means of accessibility.
The suggested solution contributes to the spectral efficiency that does not result in high
energy consumption to satisfy the increasing need for sustainable 6G infrastructure. The
performance results have an improvement of significant levels against the traditional
HetNet designs.

Alanazi et al. [Alanazi et al. 2025] consider the possibility of machine-learning
facilitated optimization of routing to accomplish energy-efficient communications with
6G-enabled wireless sensor networks (WSNSs). The introduction provides an adaptive
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SI.| Authors Focus Area | Key Contributions Techniques / Meth-| Findings
No ods
1 |Messaoudi | Determinis- | Proposes deterministic | Network optimiza-| Achieves predictable
(2025) tic network | architectures to support | tion, scheduling | performance for time-
design in 6G | ultra-low latency com-|algorithms, latency | critical applications
munications modeling
2 | Mageswaran| 6G commu-| Energy efficiency of|Data Transmission | Enhances network life-
etal. (2024) | nication net-|data transmission in | Rate Allocation | time and energy effi-
work 6G communication | (DTRA) ciency
networks
3 | Gururaj et|WSN in 5G | Improving the energy ef-| Collaborative Improves throughput,
al. (2023) |and 6G ficiency and lifespan of | Energy-Efficient reliability, and reduces
the network compared | Routing  Protocol | latency in WSN
to current protocols (CEEPR)
4 |Wuand Zhu | SDN intelli-| Proposes PPO + GNN-| Proximal Policy | Achieves higher rout-
(2025) gent routing | based optimization for | Optimization (PPO),|ing efficiency and re-
SDN routing Graph Neural | duced packet loss

Networks (GNN)

5 | Annadurai
et al. (2025)

6G networks

Selects a path to reduce
interference effects

Dynamic Multipath
Routing (DMR) al-
gorithm

Reduces interference
and channel impair-
ments; enhances re-
silience of communi-
cation networks

6 |Jafar Ali et| WSN Combines a trust evalua-| Energy ~ Efficient | Enhances the opera-
al. (2025) tion mechanism with an | Trust-Aware tional longevity of het-
energy-aware strategy | Routing Proto-| erogeneous WSNs
col (EETWRP)
7 |Singh et al.| Energy- Hybrid evolutionary al-| Energy Efficient Hy-| Enhances energy ef-
(2024) efficient IoE | gorithm for IoE opti-| brid Evolutionary Al-| ficiency and network
in 6G mization gorithm (EEHEA) | lifetime
8 | Plastras et |Non- Survey on NTNs for|Satellite & aerial | Extends IoT connec-
al. (2024) | terrestrial remote loT energy-| platform networking | tivity in remote areas

networks in
6G

efficient connectivity

with reduced energy
cost

Table 1: Comparison of Advanced Techniques and Applications in 6G Networks

routing algorithm in which Al models are used to determine the predicted best path
to the transmission subject to the network conditions. The paper also points out low
energy expenses, equalized power consumption, and longer network life. Their solution
is evidence that ML-based routing can be applied to the next-generation IoT and sensor
systems.

The approach proposed by Adhikary et al. [Adhikary et al. 2024] suggests holographic
MIMO combined with sensing and communication as a technique to enhance not only
energy efficiency but also coverage of cell-free 6G networks. It employs holographic
antenna arrays, which perform both the communication and sensing functions in a coor-
dinated manner such that connectivity is achieved without cell division. Better utilization
of the spectrum, lower workload, and increased sensing capabilities in comparison with
the conventional MIMO approaches are affirmed by simulation results.

Binzagr et al. [Binzagr et al. 2024] address the issue of improving energy efficiency
in beyond-5G and 6G networks by using the solution of multi-carrier non-orthogonal
multiple access and power-controlled resource allocation. The algorithm dynamically
trades off the amount of power and resource assignments to maximize throughput and
minimize power wastage. The research achieves high performance ranks based on energy
efficiency, system capacity, and fairness across users, which is better than fixed-allocation
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Figure 1: Proposed Architecture Diagram

NOMA systems.

The method proposed by Mohajer et al. [Mohajer et al. 2025] employs a Spatial
Multi-Head Graph Attention (SMH-GA) mechanism for precise traffic prediction, cap-
turing complex spatial dependencies to enhance network slicing results. However, traffic
fluctuations and resource heterogeneity present significant challenges and are often
limited by fixed configurations that lack flexibility.

3 Materials and method

To enable edge network slicing in 6G and enable Enhanced Service Data Transfer, a
cluster bandwidth division operation is conducted along frequency-based routes, with
the cluster bandwidth division method being used along one of the paths of the cluster
bandwidth approach taken concerning the nodes. First, the routing of transmission use is
checked by a Transmission Node Support Weight parameter. Forwarding of data packets,
then, is handled with an eye toward considerations of transmitting frequency, Recursive
Scheduling Time, and access control, which constantly schedules transmissions according
to Priority Cycle Tags assigned at each node. In further stringent measures, the Service-
Level Route Count Rollback Node Aggregator is used to monitor the transmissions by
active nodes. Additionally, a controller implemented in sleeper nodes maintains steady
response characteristics, enabling the dynamic change of node transmission statuses,
which subsequently increases the utilization time and stability of the 6G edge network.

In addition, the edge computing environment in 6G communications uses the En-
hanced Service Data Transmission in order to enhance the reliability and efficiency of
data transmitted. The mechanism exploits Energy Optimized Network Route Cluster
Bandwidth to develop adequate and sustainable links among source nodes. By simul-
taneously maximizing bandwidth allocation and energy consumption, EONRCB can
guarantee that the edge-based services experience high performance without compro-
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mising the network and limiting bandwidth allocation, as well as consumption, which
is critical to a large-scale 6G application. Cluster-based transmission analysis is also
conducted during packet transmission requests by allocating support weights that are
embedded in packets to determine and optimize the routing of neighbor path activities.
Active and reliable time-aware scheduling is guaranteed by the integration of Recur-
sive Scheduling Time with Priority Cycle Tags. The Service-Level Fork-Hook Cluster
Policy Protocol also includes detection techniques that identify and prevent malicious
nodes, thereby minimizing traffic disturbances between the source and destination. As is
demonstrated in Figure 1, this is a process.

The cluster group unifies data coming in the form of sink nodes, which relay informa-
tion to the cluster heads that lie at the centre of the optimisation of energy. In addition to
this functionality, 6G networks require the existence of excellent transmission protocols.
The availability of valid packets leverages the increased performance resource, and a
number of requests are delivered in bundles to ensure a continuous service, stable con-
nectivity, and consistent bandwidth. At this point, the network topology and traffic status
should be known to the broadcast mechanism, allowing it to enhance energy efficiency
by looking up the list of routes and then applying packet requests to the required cluster
head pairs. The algorithm utilizes the acquired knowledge in the search process and
employs certain functions as roots to make the best decisions. At every packet flow step,
it is determined whether the route of identities is served and whether the chosen path
does not give a busy or non-traffic path. Lastly, a root bandwidth network will implement
priority-based scheduling that optimizes overall throughput and increases the network’s
overall lifespan.

3.1 Transmission of Data with the Least Consuming Network Route Cluster
Bandwidth

In the EONRCB framework, each data packet is processed through a structured route
discovery process, where Route Request (RReQ) packets are flooded across the network
to identify feasible paths between the source and destination nodes. Neighboring nodes
receiving these requests check their routing tables and either reply with metadata, such as
mobility status, neighbor set, energy level, and transmission count, or forward the request
to further neighbors. The source node collects these replies, evaluates the parameters,
and stores the valid paths in its routing table for future transmissions. In this model, node
density, mobility cost, and energy efficiency are treated as deterministic parameters,
allowing for predictable routing decisions while ignoring stochastic channel variations
and sudden traffic bursts. This approach ensures energy-efficient, stable, and reliable data
routing in large-scale 6G edge networks. Calculate the identified paths using path analysis
and path selection, as shown in the equation 1. Let’s assume M C; — metric Mobility
Cost, VZZ, — current node speed of utmost velocity, V., — Maximum velocity.

Vi
1
Vmar ( )
The higher the value of the MC 1, the faster the node, and it might not be dependable

in taking a stable path. A smaller MC;, on the other hand, implies a more stable, less
dynamic node, a better candidate upon which to select routes in hierarchical networks.

E;
EE,= 2
Einitial @

MC; =
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As shown in equation 2, the Energy Efficiency metric measures the energy left in
a node as proportional to the beginning energy. It is obtained as a ratio of the present
energy of the particle by its starting energy initial. The bigger the E'E; Energy Efficiency
of the node, E;— Current residual energy, ;1 — Initial energy level of the node.
This aids in the choice of energy-efficient and long-term paths within the network. Let’s
assume N D;— Neighbor density, N;— one-hop neighbor’s node, N,,,,, — Maximum
number of neighbor’s network.

N;
Nmam

ND; = 3)

As shown in above equation 3, the Neighbor density is used to indicate the connect-
edness of the node in the network on a scale of comparison with the connectedness of
the node at instance IV; to the highest recorded number of neighbors NV, .. The greater
anode’s ND value is, the more densely connected the area is, so route redundancy and
reliability may be improved. But it can also indicate possible congestion. This measure
assists in the balancing of connectivity and load when selecting a route.

The Route Stability Index (RSI) formula has some major variables, which can be
utilized to judge the route stability, as shown in equation 4. Let’s assume MC; — is the
Mobility Cost of the i-th node, which shows the node speed to the fastest point in the
network, n— total number of nodes on the path, RST— Route Stability Index, >\, —
Summation over all nodes on the path.

n

“)

RSl is used to quantify the stability of a route by measuring the mobility of nodes along
the route. It is obtained by averaging the node stability values, which are obtained by using
the mobility cost. The RCB algorithm is a dynamic routing algorithm for paths in a 6G
edge network, which defines routes based on bandwidth efficiency, transmission delay,
and node activity. Let’ assume cnar— cluster node allocation time, O, — optimal path,
Np— Node Position, T-Transmission Time, P;— Packet Scheduling, T;.s— Transmission
Ratio, Source;q— Identifier for the node initiating the data transmission, Di-Destination
node, P;— candidate path, Cln— total count of active cluster nodes, L— Location of a
node, s—Speed, P,.- Packet Response Rate, NoT-Number of Transmissions made by a
node, NI-Neighbor List, R-Re-request Packet.

3.2 Transmission Node Support Weight (TNSW)

RSI quantifies route stability by averaging node stability values derived from mobility
cost. Higher RSI indicates a more stable route. In 6G, node slicing helps move data across
the network by allowing direct communication with the base node, which makes the
network more flexible and efficient. As this happens, the network’s structure is constantly
updated to match changes in traffic and how devices connect. Meanwhile, the packet
flow system is in charge of receiving and handling data routes to keep data delivery fast.

As shown in equations 5 and 6, All the mobile nodes that collect data at sink nodes
S within RS are modeled using Graph Theory as G = (R, F) let’s assume, R— set
of nodes and E— links connecting them R— refereal node, b— signal or data at node,
¢ D0— node data conforms to the observed signal.

Ry : RSImin0 — —nodereferstoD = A 5)
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Algorithm 1: Route Cluster Bandwidth (RCB)
Input :Route count (R.), Neighbor nodes (/V,,), Packet (P)
Output : Updated Route count (R,)

1 start

~

Initialize the cluster network;
foreach node /V; in the network do

w

4 Set R.(N;) based on Node Position Np, Time (7'), and Packet Scheduling
(Ps);
5 Calculate the route discovery;
6 foreach node NN, do
7 Evaluate R.(N;);
8 Select the node with the shortest distance using Route Request (RREQ);
9 Compute Transmission Ratio (7;.) for node N;;
10 Activate the source node (Source_id) to forward packets to the
Destination (D;);
1 Calculate cluster node allocation time (7°);
12 foreach available path P; do
13 | Total time[P;] + cnaT x T
14 End for each
15 Select Optimal Path Op;
16 Identify Active Nodes A on O,;
17 Cln < Count(A);
18 End For
19 foreach node NV; in Active Set A do
20 Evaluate Node Attributes: Location (L), Speed (S), and Packet
Response Rate (FP,);
21 if Data Delay (RREQ) between Source and Destination €
Transmission Range then
2 Select Path O,;
23 Estimate Cluster Node Information: NodelD, Location, No. of
Transmissions (NoT), Neighbor List (/V;), Speed;
24 Send Re-Request (R) Packet to Neighboring Nodes;
25 End if
26 End for each
27 return packet transmission completion;
28 End for
29 End
Ry : nodereferral to pD8 = B 6)

By periodically accessing an eddy, the packets are shared among the connected
nodes [al, a2, a3, ..., aN], with N being the total sample instances. Furthermore, ¢a ; €
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R,Mrepresents the modes with initial N nodes, derived from the equations 7 and 8. Data
drop B is performed at the parent node location, utilizing schedule routing and maximizing
the route set R up to the midpoint M. Let’s assume N,— Normalized number of source
nodes. pa ;— Mode or transformation coefficient node, xa ;— Positional displacement
of node, R, M — Routing set and midpoint of graph.

Ny = No.of.nodes/ pa ;+zxa ; € R, M @)
Np = No.of.nodes/ pa ;+xa ; € R, M ®)

This technique is applied to construct a basic dynamic topology, where specific routing
sinks are defined to manage connectivity and transmission across the network.

The n-dimensional vector X is derived based on the displacement time within the
Wireless Sensor Network (WSN). This calculation relies on precise random measure-
ments of the vector V, the control level CSCS, and the node’s potential, as shown in
equation 9. Ultimately, the dimension of the sink is determined as a function of the traffic
load T

Transmission at a time Toq =

CL
3 - + TuClasaft, B} ©)
(a,b) remaining node

freq. traf fic €E

Let’s assume T, — Total transmission control time, (a,b) € E— Active link pair
in the edge set, C'Ln— Control level normalization factor, N- Number of nodes, T, —
Traffic load or data, transmission rate, C'l,,— Control level or link coefficient node,
at, B— Active traffic function between node at time and sink.

A. Neighbor routing support rate

The influencing factors, such as node scalability in a 6G network, are the location of geog-
raphy, mobility, transaction volume and the density of the other surrounding nodes. These
factors serve as key parameters in evaluating network performance and adaptability. One
method of assessing various support measures is to analyze these characteristics directly,
as they determine the reliability and efficiency of node operations. The support value from
interactions with nearby nodes and the support value linked to stable links are important
signs. Together, they show how available a link is and how well transactions work when
they are being carried out. Check the EONRCB ONRCB and TNSW support rates from R.

Cluster Node Discovery (S, D) — Test (Transmission Cluster Node)
Relative Node Link (Rnl) —Transmission cluster node support is determined by
summing the maximum transmission support values for all participating nodes:Estimate

Retransmission Support Rate (RSR), as shown in equation 10.

S 5= Enlist) Enlist(i)
Cluster_size(Enlist)

(Rsr) = (10)
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As illustrated in equation 11, estimate link Stability support (LSs)

(LSs) S size(Enlst) hrnlist (i) .mobility < Th (an
S =
clsurer_size(Enlist)
As presented in equation 12, Calculate link Availability support (LAs)
(LAs) — fof(E””St) (Nnlist (i) .speed x NoT') > ETh (12)
B Clustergize(Enlist)
Compute Max.Support Rate link, as described in equation 13.
LSs
MSR = T As * Rsr (13)

Route tests are blueprinted in order to find the best paths. Cluster route support on each
mobile node in a 6G edge network is considered under routing support assessment,
link stability assessment, and link availability. The Transmission Node Support Weight
(TNSW) is computed using the link stability, availability, and support rates parameters.
Out of the available paths, the one that has the maximum TNSW value is chosen to
transmit.

3.3 Select Best Route based Slicing Neighbor Node Path Routing (SN2PR)

The TNSW approach is used to assess the capacity of nodes to facilitate routing based on
link stability, availability, and support rates. In this route selection method, the maximum
support rate is used during path analysis to look at how neighbor node routing is divided,
helping to assess cluster nodes in the edge network. The sleeper node controller is a system
that controls the active and inactive states of the nodes in the SN2PR architecture. It tracks
the activity of the nodes, the level of energy, and the network traffic to make decisions
on the capability of the nodes to enter a low-power sleep state without compromising
connectivity. In the event of a network request or an unstable route, the sleeper node
controller utilizes sleeping nodes to ensure smooth communication between the source
and destination. This way, it will minimize energy usage, avoid overloading, and provide
reliable and stable routing, and is particularly applicable to 6G edge networks of high
scale having numerous devices on the edges. In this case, a neighbor node network slice
is a complete, virtualized network that provides a separate set of services in a logical
way. These services are clearly identified to a specific application that is edge based and
are provisioned based on the requirements under the Service-Level Agreement (SLA).
The slicing ensures that routing decisions are optimized but at the same time that service
isolation, performance guarantees and efficient resource utilization are maintained in the
6G edge environment.

A 6G network intentionally applies network slicing to the selection of routes between
neighbour nodes. To ensure that each slice receives quality service, the node should have
various locations that cater to transport, bandwidth, processing, and storage needs. The
neighbor number is the nearest node in the area (cluster routing node).

Calculate the minimum number of wireless nodes required to provide complete
coverage of the target edge network area, as shown in Equation 14. Let’s assume Mn—
- Maximum of the node in a network, Ng, -Network Slicing route N R— Network
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Figure 2: 6G- Network Slicing in Edge Networks with neighbor network Allocation

Target Route.

N,
Mn = MSR=" (14)
N Tr
Calculate the optimal size of the cluster node in each cluster, as shown in Equation

15. Let’s assume c,, — cluster node, Ns—Total number of node, NV;— Number of logical
links

N,
== 1
N, (15)

£Nnn ensures that route selection is based on the density of connectivity to avoid
congestion and balance traffic uniformly throughout the network As shown in equation
16, normalized neighbor node value. Let’s assume £ Nnn— normalized neighbour node
value, N.— Total number of current neighboring nodes, C',,, —Number of cluster members,
Cn— Optimum number of cluster nodes.

Ch

£Nnn = Nc* (Cm+1)Cn (16)

Network slicing in 6G is executed by considering two critical parameters: availability
and accessibility. To evaluate these parameters, the SN2PR model is applied, enabling a
systematic assessment of network conditions and service demands. Through this evalu-
ation, the model identifies whether slicing, virtualization, or a hybrid combination of
both is required during the resource-sharing process. This approach ensures that resource
allocation remains efficient while maintaining the performance guarantees necessary for
diverse service-level requirements.

The Neighbor Path Selection (Sn) algorithm is programmed to determine the most
trustworthy source node based on the rate of support calculated using information on valid
paths from neighbors within a specified range. Let’s assume Sn—Neighbor Path Selection,
Ns-Set of all nodes or cluster heads, chq, cho-Cluster heads representing different nodes,
node;—destination node, n4—Neighbor distance threshold, R(node;, ng)—Function
returning all neighbor nodes, Ns Neighbor-cluster head found neighbor distance, neighbor
data of ch;—Data structure containing routing.

The cloud is divided into N cloud slices, which are used to help choose the best path
between neighboring nodes in a service cluster. As shown in Figure 2, edge computing
in the intelligent cloud is improved by combining it with the 6G network edge. In this
setup, a routing mesh is used to select neighbor paths, and these paths are chosen based
on how stable the network links are and how well the routes connect overall.
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Algorithm 2: Neighbor Path Selection (S,,)
Input :Node Set Ny, Neighbor range n4, Neighbor Data in [ch]
Output : Source Node with Maximum Support Score

1 start

2 Initialize Support Score [ch] + 0;
3 foreach Cluster Head chy in Node Set N, do

4 node; < Destination of chq;
5 Get neighbors of node; within range ng4;
6 N, Neighbor < R(nodey,ng);
7 foreach Neighbor Cluster Head chsy in Ny Neighbor do
8 if the neighbor data of ch; contains a valid path to chs then
9 Support_score[chy] < Support_Score[ch;|+ Permitted route
info from (Neighbor Data_in[chy, chs));
10 End if
u End for each End for each
12 Source_Node <+ Cluster Head with Maximum Support score [chq];

13 Return source Node
14 End

3.4 Priority cycle Tags (PCT)

£Nnn determines the connectivity of nodes in clusters to enable an rational distribution
of load and energy consumption of the network. The Priority Cycle Tags model provides
a mathematical formalism to carry out periodic schedules across edge networks in
an environment that consists of many deterministic nodes. This strategy is utilizing
Recursive Time Cyclic scheduling technique where the data flows are analyzed in terms
of parameters of idle of routes of the cycles on the basis of defined priorities. It is upon
this framework that resource blocks used in the cycle routing are modeled as cycle tag
resource spaces, which are up-kept during prolonged periods.

The allocation strategy is employed to ensure the delivery of time-sensitive data
with the necessary predictability and stability, thereby facilitating latency-sensitive and
mission-critical functions in 6G edge networks, as illustrated in Equations 17 and 18.

Ct = ENpn (e + Be + ) (17)
pe = pe—1+ Beo1 +m (18)

The resources to transfer are obtained at the initialization stage of the Parsec system
and do not change during the entire scheduling process, as shown in equations 19.

By = Bi—1 + & (19)

Let C; — node weights, 11y —node support rate, 3; — cyclic data, and &; — erratic path.
Scheduling is a node allocation cycle and is based on priority and tasks are scheduled
executing them on basis of priority. Evaluate the stability of the node weights and
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connection status, as shown in Equations 20 and 21.

S%(x>y) =5 <1,z)+ (N —1)p, (20)
Vp, SU(< ’U/(!E)7 1) + (N - 1)pt(r) —+ S(a) < Sa(< u(az) +N — 1)pt(a) + C(S)pt(ib))
2

Let’s assume S? — source node, = and y — parameters, which indicate node weights,
N — total number of nodes, p;(,) — scheduling allocation, and p;(,) — node’s position.

Packets sent based on scheduling priority are forwarded sequentially from node to
node towards the destination, dependent on the node’s support rate and the number of
adjacent node paths.

a) Priority-based node allocation cycle Tags

The two components reflect the waiting time that a packet spends in the queue after
arriving at the queue, and the time (service time) needed to process a packet, respectively,
as shown in equation 22.

a2
S=Cra+p— (22)
2a

When the system is busy, the value of the second neighbor node is not zero, but it
becomes zero when the system is idle. Considering these two situations, calculate the
average times that packets are in the system when scheduled with priority rotation tags,
as shown in Equation 23.

Aa?
S=a+—— (23)
2(1-p)

Let A2 denote the average arrival time, C,- the cycle re-route data, and p—the
probability that the queue in the route is busy. Similarly, Aa?- represents the average

a2

service rate, while 5--denotes the average path or network lifetime of the services. Packet
processing follows a priority-based mechanism, where nodes may be preempted, and
preference is given to categories with lower priority numbers.

3.5 Long Short-term Memory with Recurrent Neural Networks route scheduling

An effective solution to the traffic and route scheduling problem in a network is combining
the techniques of RNN with LSTM. The model analyzes past traffic loads, delays, and
bandwidth changes to predict the best routes. It learns patterns as it progresses, adjusts to
congestion, and reduces energy use. This mixed strategy can ensure the optimal allocation
of routes, offer a decrease in latency, and appear as an optimized solution for networks
overall, providing a preferred routing solution to smart and adaptive routing systems.

Update the hidden state using a recurrent neural network (RNN) at each time step, as
shown in Equation 24. Let’s assume x; — current input, W, — weight matrix, hy_; —
previous hidden state, by, — bias term, f — activation function.

he = fWanae + Whphe—1 + b) (24)
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Connected to a dependency term to adjust the output, as shown in Equation 25.
This enables the network to retain information from past inputs while integrating new
data, allowing for continuous learning. Let’s assume, h;- hidden state, t-time step, Wj,,-
weight matrix, by - bias term, y;- linear transformation produces the predicted output.

Yt = Whyht + by (25)

The equation 26 represents the input gate in an LSTM network. The bias term b; is
added to fine-tune the computation. The result is passed through a sigmoid activation
function o, which outputs values between 0 and 1. This determines how much new
information from the current input should be allowed into the cell state for memory
updating. Let’s assume current input z; and the previous hidden state /;_; are multiplied
by their respective weight matrices W;.

i = o(Waire + Whihe—1 + b;) (26)

Calculate the current input of the forget gate in the LSTM network, as described in
Equation 27.

ft ZO'(Wwf.rt—FW}tht_l —|—bf) (27)

Let’s assume the z;-present input x; and theh;_1- earlier occulted state h;_1 The,
Wi and Wj;- weight matrices are used for equipment and other items,. b; — W,; and
Whi and an intercept term, respectivelyo — .b; is Sigmoid activation function. Then
compresses the output to be within 0 and 1 and gives the degree to which information
of the earlier cell state is maintained or gone. This mechanism allows the LSTM to
selectively forget irrelevant data while preserving important temporal dependencies.

Ci = fr ®Ci_1 + iy © tanh(Wiey + Wiehy—1 + be) (28)

The equation 28 describes the cell state update in an LSTM. Here, C;_1-is the
previous cell state, f;-which is scaled by the forget gate. f; to decide what past information
to retain. T hei.- input gate i, controls how much new information, generated by applying
a tanh activation to the combination of x;-current input x;, hy_1-previous hidden state
hi—1,and b.-bias b, is added. The (-)-element-wise product [] ensures selective updating.
This mechanism enables LSTMs to preserve long-term memory while integrating relevant
new data.

3.5 Recursive Scheduling Time (RST)

The average times are added to the packet forwarding completion time at the source node
in the RST scheduling system. Second, it contains the time spent on transmission of the
packets in the high-priority queue. Neighboring nodes handle subsequent packets with
elevated priority.

Calculate the scheduling cost for the packet, as shown in Equation 29. Let’s assume
M- total number of packets, A;.S;- queue length in the scheduling process, a,.- weighted
average factor, S,,-source node, Sc,,- Scheduling cost.

m—1

Sc, = Se, + Zaf()\xScz) + Z Ty (AzScy) (29)

n=1 =1
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The node support rate is applied according to the assigned weights, as shown in
equations 30 to 32. Let’s assume P;-probability of successful packet handling at each
iteration, .S, - Proactive scheduling, o,,- Cumulative node support iteration, .S,,- Service
rate scheduling iteration, p;-Traffic density, ii-Average packet arrival rate, Sy-Initial
scheduling delay.

on=Y"P (30)
i=0
1
Sm = 31
(1—0om)(1—0om-1) Gh
a2
So = ;pz‘z@ (32)

The priority packets are represented by a recursive cycle adjustment mechanism is
adopted, where the mechanism will be iteratively continued to get an optimal scheduling
by decreasing the time difference. The amount of time between the incoming traffic
and the channel to which it is each responsible is kept at a bare minimum and, as such,
causes the process of recursive alignment to reach a dead end. Otherwise, it is necessary
to proceed by recursive alignment.

Compute the recursive scheduling function, as shown in equation 33. Let’s assume
R,,- Recursive scheduling function, n-iteration, s,.,-Total scheduled service time, §,,-
Scheduling slot duration node.

Ssen [Sser, mod d,] =0

5o
Ry = { [%] 0 < [Ssen mod 6,] < | 2] (33)

[ng;’ﬂ [Sscn mod 6y, ] > L%J
Let’s assume Sg—;h, [Sé—nh} A selected path in the scheduled node is represented by

the paths. The term, L%"j The act of recursion is known as the process of recursion; the
condition is called the base case [Ssc, mod §,,] = 0 is satisfied.

3.6 Service Level Route Count Rollback Node Aggregator (SLR-CRNA)

The SLR-CRNA method utilises the Kautz graph theory to obtain a pair of routes and
considers each path before a system failure, thereby obtaining a set of paths based on the
assessment. Such an approach is able to compare energy rates of consumed paths and
determine the direction that would be short in time.

— Kautz graph theory

It utilizes Kautz graph theory to systematically generate all combinations of paths
between nodes, resulting in a high diversity of routes and a low minimum path length.

Using Kautz graph ensures shortest paths and multiple disjoint routes

By definition, the Kautz graph K (d, n) has a diameter of n, i.e., the maximum length
of a short path between any two nodes is n. Let’s assume K (d, n)-number of symbols,
n—length of node labels

Procedure Construct Kautz Graph K (d, n)
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1. Select alphabet: {0,1,2,...,d}
2. Generate the nodes of all sequences of length n without consecutive symbols.

3. Generate edges for each node v = (v, v2,vs,...,v,) connect an edge to every
node u = (vg,v3, ..., v, b) Where b # v,

4. Check the properties with each node having outgoing edges d and incoming edges d
Proof:

The diameter of K (d,n) is n; i.e., any node can reach any other node in
< n steps.

1. Calculate the two nodes v = (vy,va,...,v,) and u = (u1, Uz, . . ., Uy )

2. Create a path by skipping consecutive symbols, replacing v with a sequence, and
adding symbols from u

3. Once at most n shifts have been matched, the sequence is equal to u.
V1, V2, ooy Up = V2, oo . UpU] —> V3 oo UpUp, U —> * -+ —> UpUl, ..., U2
Every node is connected to any other node by a shortest path of at most n steps.
— Master node aggregation

A support rate-based data-transmission approach, based on an associate validation
scheme, allows contract-based operation in a wireless edge network. It takes advantage
of priority scheduling, master node, trust validation, network organization, relayed
information and data provisioning to ensure a well-organized and secure data flow
system. The aggregation strategies of the combination of policies are constructed as a
recursive scheduling aggregation strategy.

Procedure
Step 1: Select a suitable starting point node g and determine the tuple {A4,, S/Dg, N,
and D}, associated with the cycle tag node.

Step 2: Randomly select data; Let sreZ; be the master node, then compute the neigh-

boring system nodes as NN; = sr,and NNy = rs. Define the cluster C' = {(a,y) :
z,acE/NN,} U {0}34

Step 3: Choose four scheduling cluster node functions C7, Cs, C3 and Cy

Step 4: Assign the parameters { A4, /Dy, N, D, E/NN; = sr, NNy = rs,C1,C3,C3
and C4} to the system, and ensure the master node is maintained for coordination from
cluster to cluster.

The master node defines the service policy based on cyclic scheduling levels, which
enables access to the requested service as outlined in Table 2. This process includes
checking the trust factor, in which the nodes of the transmission behave as data managers,
and adapt to the contact with the access node, and so Luigi Alessio and Antonio Ponzetto
tend to pass on the data regularly.
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Notation|Rephrased Explanation

q Initial node index or identifier

D, A finite starting node

E/NN |An edge network node E within the set of N

C A cyclic additive cluster, defined as C = {(a,y)
z,aeE/NN,} U {6}

Cl Cluster generator for C

1D, Unique identifier of the entity a

ts Timestamp marking a specific time

rs Source of the routing path

Table 2: Notations used in the algorithm

3.7 Route Count Rollback Node Aggregator

The first high-level representation of optimized routes in the open security solution
space is created by generating a configuration of random routes taking advantage of
the high-level Service Route Count Rollback Node Aggregator. In the reconstruction
phase, consecutive packets sent to a node are discarded, and the Packet Route Count
Rollback Node Aggregator reduces the number of routing paths per session until the
largest number of packets is received. The best individual solution is the service-level
policy based upon which the optimal route is chosen.

Calculate the node state update and acceleration function, as shown in Equation
35. Let’s assume s;4(t) — Current velocity iteration, s;4(t — 1) — Previous velocity of
node, w — Inertia weight, ¢, c2 — Acceleration coefficient, ¢4, o2 — Random factors,
Pia — Individual best-known position of node, ;4(¢t — 1) — Current position of node,
Pga — Global best-known position node, a;4(t) - Updated position od node iteration.

$ia(t) = w X s;q(t — 1) + 1 X 01 (pia — Tia(t — 1)) 4+ c2 X P2 (Pga — a;a(t — 1))
a;iq(t) = aa(t — 1) + s4q(t) (35)

The outcome of the mod n operation, between the prime factor Sid and the weight w
swaps, is t of each expanded Sid state. Base stations that have unlimited energy resources
are used to monitor the weighting control mechanism, and clustering is employed. The
scheduling is applied to the protocol implementation and is carried out in two phases per
round. The system is brought into a stable and relaxed position. Once it has closed, it
sends the base station its position and remaining energy. Using the packet data occurring
at the routing path and energy data of the terminal following the allocation, the security
of the terminal relay node is then validated.

In the service relay operations process, the node performs all three incongruent
important functionalities: that of position establishment, encryption, and packet relay.
Consequently, the node does not have to be involved in forwarding data in the base
station. Depending on the requirements of network performance and peak operating
conditions, back-send schedule information will follow after completing cycle tags.

Calculate the overall cluster similarity or quality index using the linear additive
model, as shown in Equation 36. Let’s assume Cost -cluster similarity or evaluation score
at time, C'3,, C (4, CB3-Weighting coefficients cluster, C'ny, Cnsz— cluster evaluation
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measures

Cost =CpB1 xCny 4+ CBa x Cno +CP3 X Cng (36)

As shown in equation 37, intra-cluster distance measure is seemingly a linear combi-
nation of the measures/elements of clustering. In this situation, it is probable that cost is
a hybrid record of similarity or appraisal considering several cluster-based measures.

1 .
n— Z:{HQan { G Z dlSthC@<ni7cHn>} (37)

n;ECn;

In every cluster Cn, it calculates the mean between its node member intervals n,; and
cluster head C H,,, the greatest value of the values of all & clusters. This ratio is widely
applied to measure the quality of clustering when determining the worst-performing
cluster based on compactness, as below equation 38.

Zi]\il R(n;)

Cng = —37=———— to generate node (38)
k1 R(CHnm)

This equation 39 defines a ratio that compares the total resource values of all in-
dividual nodes to the total resources of the cluster heads. R(n;)— resource energy or
bandwidth of each node while R(CH,, ,,,) resource of the m cluster head G.— channel
gain constant, n — index,

" A %G,
CngzzT (39)

n=1

To assure the security of the update package system in the conduct of routing con-
gestion verification, the path to be chosen accompanies the preceding steps once the
cluster head relay node is done with its task. Once captured to run through recursive
scheduling, the cluster head uses the relay scheduling to avoid relaying by positioninga
the nodes according to the rules on transmitting the packets of the system, taking care of
the security issues. This is based on a proactive cluster routing cluster head. Based on a
series of routing protocols, the proposed system possesses a big advantage in terms of
computer applications because it requires little storage, has less traffic and an enhanced
level of energy efficiency

4 Simulation Results and Discussion

In this paper, we propose the Service Level Route Count Rollback Node Aggregator
to enhance the network data transfer speed that utilizes a cluster head model with a
master node grouping technique referred to as Energy Optimized Network Route Cluster
Bandwidth. The further improvement was realized by testing the simulator configurations,
as well as analyzing the performance with the use of the NS2 simulator. The results of
this approach were also analyzed against the outcomes of other existing DTRA, CEEPR,
DMR, and GNN approaches. Various situations can be simulated in the algorithm,
wherein the nodes are moving at different velocities and in different directions, with the
traffic and network life cycle parameters varying. This section discusses the obtained
findings in terms of previous practices
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Parameter Value

Simulation Tool NS2

Simulation Area 1000 meters x 1000 meters
Simulation Time 10 minutes

Number of Nodes (200

Node Distribution |Random

Mobility Speed 5m/s

Transmission Range|100 meters

Channel Type Wireless
Traffic Source CBR (Constant Bit Rate)
Packet Size 512 Bytes

Table 3: Simulation Parameters

Table 3 presents the simulation parameters used to evaluate the network performance
using the NS2 simulator. The simulation is conducted over a 1000 x 1000-meter area
for a total duration of 10 minutes, involving 200 randomly distributed nodes. This
section presents a single picture of the simulated results that are being proposed, and it
explains the parameter performance. Performance analysis is a method that evaluates
the performance of a network or protocol under different conditions using the Network
Simulator 2 (NS2). It achieves high energy efficiency by optimising parameters such as
Packet Delivery Ratio (PDR), bandwidth, transmission ratio, energy consumption and
network lifetime.

Nodes / Methods DTRA|CEEPR|DMR GNN|SLR-CRNA
50 71 72 79 | 85 84
100 75 78 81 86 88
150 80 86 90 | 93 99
200 84 91 91 94 98

Table 4: Impact of routing performance

The suggested SLR-CRNA is compared with other accessible tools, including DTRA,
CEEPR, DMR, and GNN approaches, in Figure 3 and Table 4. In order to relay packets
efficiently throughout the data transmission process, the routing efficiency relies on
non-malicious nodes. On the X-axis, it rises to 50 nodes per step. The Y-axis displays
the number of nodes, and it also reports the routing performance achieved by each
technique. The suggested methodology is 84 % on 50-node, 88 % on 100-node, 99 %
on 150-node and 98 % on 200-node. The proposed method, therefore, provides higher
routing performance than in preceding methods.

Figure 4 and Table 5 show a comparison between the proposed SLR-CRNA algorithm
and the known back-off techniques, namely, DTRA, CEEPR, DMR, and GNN approaches.
The assessment is centered on general network performance concerning throughput
effectiveness. The runs are on the X-axis, which is incremented by 50 at every point, with
the amount of cumulative throughput by each technique on the Y-axis. The proposed
SLR-CRNA approach performs better, yielding 84% throughput at 50 nodes, 91 % at
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Figure 3: Analysis of Routing efficient

Nodes / Methods DTRA|CEEPR|DMR GNN|SLR-CRNA
50 68 73 76 | 82 84
100 74 78 83 87 91
150 78 86 92 | 94 95
200 80 85 93 | 95 97

Table 5: Impact of throughput performance

100 nodes, 95% at 150 nodes, and it achieved 97 % at 200 nodes. Based on these values,
it is evident that the proposed method offers increased throughput as well as overall
performance when compared to the methods previously established.

Figure 5 indicates the correlation between the packet delay and information transfer
between the sender and recipient in the network. The assessment centres on the percentage
of packet drops across a range of node counts: 50, 100, 150, and 200. It has been
experimentally confirmed that, in the proposed SLR-CRNA method, the dropped packet
ratio is only 15% and the delayed packet ratio is 8%, even with 200 nodes. These
findings confirm that the proposed mechanism can significantly reduce packet loss
and transmission delays compared to other mechanisms, thereby improving network
reliability and performance.

Throughput performance

100

80

60

50 100 150 200

Nodes

====DTRA ==== CEEPR DMR GNN == - SLR-CRNA

Figure 4: Impact of Throughput performance
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Figure 5: Impact of Packet drop and delay ratio

Nodes / Methods DTRA | CEEPR|DMR|GNN|SLR-CRNA
50 46 47 53 | 54 63
100 56 58 61 | 67 73
150 69 77 78 | 83 87
200 74 81 82 | 87 93

Table 6: Impact of Latency performance

Figure 6 and Table 6 present a comparative evaluation of the proposed SLR-CRNA al-
gorithm and recognized strategies, namely, DTRA, CEEPR, DMR, and GNN approaches.
In this analysis, the X-axis reflects the nodes, and each level increases by 50 nodes as one
moves down the scale, with the Y-axis reflecting PDR realized by each of the methods.
The findings indicate that using the SLR-CRNA method can always bring greater values
of PDR with the increase in network size. In particular, it yields 63 %at 50 nodes, 73 %
at 100 nodes, 87 % at 150 nodes and achieves 93 % at 200 nodes. Such results indicate
the effectiveness of the offered algorithm in the delivery of reliable data over different
sizes of network sizes.

A comparative study between the proposed method SLR-CRNA and the established
ones, like DTRA, CEEPR, DMR, and GNN approaches, is included in Table 7 and
Figure 7. The following evaluation is devoted to data transfer latency and node behavior,
especially the detection of malicious nodes based on network lifetime performance. The
X-axis denotes the number of nodes with a step factor of 25 at every level, whereas
the Y-axis represents the network lifetime performance of each approach. The findings
show that the SLR-CRNA algorithm produces better results in each case with lifetime
performance rates of 83% at 50-nodes, 91% at 100-nodes, 94% at 150-nodes, and reports

PDR Performance

100

PDR in %
s
&

*— DTRA ®— CEEPR —®— DMR —-9--GNN -~ — SLR-CRNA

Figure 6: Impact of latency performance
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Nodes / |DTRA|CEEPR DMR|GNN|SLR-CRNA
Methods

50 70 77 81 80 83

100 75 82 85 | 88 91

150 81 88 90 | 93 94

200 88 93 92 | 94 95

Table 7: Lifetime of network performance

Life time performance
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Figure 7: Impact of lifetime performance

a maximum of 95% performance at 200-nodes.

Figure 8 illustrates comparisons of the bandwidth executions of the proposed SLR-
CRNA approach with those of other techniques, including DTRA, CEEPR, DMR, and
GNN methods. In the 6G era of networks that require a much higher data throughput and
handling capabilities, the overall efficiency of bandwidth allocation is vital. The findings
indicate that in the implementation of the proposed SLR-CRNA approach, nodes that
handle data are far more effective in contrast to those performing conventional techniques.
In particular, SLR-CRNA gets 50% bandwidth at 50 nodes, followed by 59% at 100
nodes, 69% at 150 nodes and 74% at 200 nodes. Such results show that the mechanism
proposed provides better bandwidth utilization at scale.

Figure 9 shows the transmission time, which is the time gap between a message

BANDWIDTH PERFORMANCE
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50
40
30
20
10
50

0
100 150 200
NO.OF.NODES

TRIN %

Figure 8: Analysis of the Bandwidth performance
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TRANSMISSION RATIO

== DTRA CEEPR  ==#==DMR  ==4é=GNN === SLR-CRNA

90
80
70
60

TRIN %

50 100 150 200
NO.OF.NODES

Figure 9: Analysis of the Transmission ratio

Energy Consumption

Nodes

=DTRA ®CEEPR “DMR ®GNN ®SLR-CRNA

Figure 10: Analysis of Energy Consumption

being scheduled by a node in a cluster and when it is actually delivered to the other
party successfully. The proposed SLR-CRNA approach is contrasted with other methods
currently in existence, including DTRA, CEEPR, DMR, and GNN approaches. As shown
in the results, SLR-CRNA will provide more accurate results with various network sizes.
In particular, 50 nodes show 78% accuracy, 100 nodes, 86, 150 nodes, 92 and 200 nodes,
94. These results demonstrate the reliability and accuracy of the presented method of
handling message transfers inside the clusters of networks.

Figure 10 shows case-based comparisons of the proposed SLR-CRNA method and
some other commonly used methods, such as DTRA, CEEPR, DMR, and GNN ap-
proaches. The analysis reveals that minimizing energy use leads to a huge enhancement
of the overall network. In this assessment, each stage of the independent variable, X,
growth in nodes is by 50. The SLR-CRNA algorithm presents an energy-efficient algo-
rithm consistently and achieves an average of 10 %reduction in energy at 50 nodes, 14
% at 100 nodes, 17 % at 150 nodes and 20 % at 200 nodes. These findings validate the
fact that the proposed solution uses minimal energy when compared to other solutions as
the network increases in size, hence improving the performance of overall operations.

This comparison of the PDR indicates the efficiency of various routing procedures
under increased number of nodes, as shown in table 8. The PDR due to SLR-CRNA
at all node levels is the highest implying high reliability. Next is DTRA with constant
performance over time as the network grows. CEEPR has acceptable values in PDR but
drops a little as the number of nodes increases. DMR demonstrates mediocre results
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Nodes DTRA|CEEPR DMR|GNN|SLR-CRNA
50 91 93 89 | 94 95
100 &9 92 88 | 93 96
150 87 90 86 | 92 94
200 85 89 84 | 90 93

Table 8: PDR % performance

Packet Delivery Ratio %
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Figure 11: Analysis of PDR %

as it exhibits a gradual decline of 91 % to 85 %. The lowest PDR is recorded by GNN
indicating that it is less effective in a larger network. Due to increased node density, all
the techniques show some degradation in PDR. This indicates the problems of overhead
and congestion.

Figure 11 shows a comparative study of the (PDR%) of five routing protocols, such
as SLR-CRNA, DTRA, CEEPR, DMR, and GNN approaches, at various nodes (50, 100,
150, and 200). According to the horizontal bar chart, SLR-CRNA results demonstrate
the best PDR of up to 96 % with 100 nodes and high efficiency when it comes to 200
nodes. GNN is also credible with a close follow-up of SLR-CRNA. The CEEPR performs
moderately with modest degradation with the number of nodes, although DTRA does
well at the initial 50 nodes and decays gradually. In all of the said cases, DMR, depicted
in yellow, recorded the lowest PDR, meaning that it has poorer performance in delivering,
given increasing network sizes. All in all, the graph displays extremely well the high
reliability of SLR-CRNA and GNN, especially during denser networks.

Nodes / Methods DTRA | CEEPR|DMR|GNN|SLR-CRNA
50 16 14 18 | 13 11
100 18 16 20 | 15 12
150 21 18 23 | 17 13
200 24 20 26 | 19 15

Table 9: Analysis of End-to-End (ms) performance

The table 9 provides the End-to-End Delay in milliseconds, routing approaches viz
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Figure 12: Analysis of End-to-End (ms)

DTRA, CEEPR, DMR, and GNN, and SLR-CRNA at various node densities viz: 50
nodes, 100 nodes, 150 nodes, and 200 nodes. As is intuitive, the delay grows linearly
as a function of the number of nodes as the network becomes more congested and
route computation takes longer. SLR-CRNA has a low delay, the lowest among the
rest, with a delay of only 11 ms at 50 nodes and 15 ms at 200 nodes, which emphasizes
the efficiency issues in the speedy conveyance of data. DTRA is effective as well, and
has comparatively low delays in all cases of node number. CEEPR, and DMR exhibit
moderate delay performance that grows monotonously with network size. Conversely,
GNN has the maximum end-to-end delay, recording a maximum of 26 ms at 200 nodes,
meaning that it slows the data transmission process, particularly in larger networks. In
general, both SLR-CRNA and GNN perform better in terms of the minimization of
end-to-end delay, which renders them more time critical.

In Figure 12, the end-to-end delay merits of five routing protocols, DTRA, CEEPR,
DMR, and GNN, and SLR-CRNA, have been plotted against the number of nodes in the
network, ranging between 50 and 200. The trend in the graph is an increasing delay in all
approaches, which means that there is a greater transmission delay with a greater network
load/more nodes and routing overhead. SLR-CRNA has shown the least delay values
among the protocols at all rates of node density; therefore, it is fast when passing packets
compared to the rest. Delay on DTRA is also relatively low and nearly the same as
traffic tracked under SLR-CRNA. CEEPR, and DMR, exhibit moderate delay increases,
but GNN constantly shows the largest end-to-end delay, and in particular, the delay
at 200 nodes exceeds about 26 ms. This implies that DMR might not be that effective
when dealing with big networks. In total, the figure emphasizes the better results of
the SLR-CRNA and GNN algorithm in reducing end-to-end delay, which is the main
concern when trying to transfer time-sensitive information in WiSnNss.

As illustrated in Figure 13, the proposed SLR-CRNA technique demonstrates greater
efficiency in calculating confidence intervals during analysis compared to other exist-
ing methods such as DTRA, CEEPR, DMR, and GNN. Additionally, the confidence
interval efficiency rate with the SLR-CRNA approach is shown to be 92%. Similarly,
the efficiency rate of the energy efficiency analysis, when compared to the previous
DTRA, CEEPR, DMR, and GNN approaches, is shown to be 85%,78%,81% and 88%
respectively.

As shown in Figure 14, the proposed SLR-CRNA technique can achieve higher
efficiency in performing energy efficiency analysis compared to other existing DTRA,
CEEPR, DMR, and GNN approaches. Furthermore, the efficiency rate of energy effi-
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ciency achieved using the proposed SLR-CRNA technique is shown to be 96%. Similarly,
the efficiency rate of the energy efficiency analysis, when compared to the previous
DTRA, CEEPR, DMR, and GNN approaches, is shown to be 84%, 89%, 92%, and 94%,
respectively.

4.1 Discussion

The proposed SLR-CRNA A technique is developed to enhance data transmission speed,
conserve energy, and improve routing stability in 6G-enabled wireless edge networks.
The primary performance parameters considered are PDR, Throughput, Packet Drop Rate,
Latency, Network Lifetime, Bandwidth, Transmission Ratio, and Energy Consumption.
The proposed SLR-CRNA outperformed the current methods, namely, DTRA, CEEPR,
DMR, and GNN, in terms of the results. The proposed SLR-CRNA method achieved a
98% routing efficiency. The throughput increased to 97%, packet drop decreased to 15%,
and latency performance was 93%, indicating consistent data delivery with minimal delay.
The network lifetime was increased to 95% which verified the minimized energy decay
and improved node sustainability. In addition, the bandwidth usage and transmission ratio
were improved by 74% and 94%, respectively, which guarantees proper data processing
in high-load scenarios. SLR-CRNA has achieved a 20% reduction in energy consumption
compared to other models. The confidence interval analysis indicated 92% efficiency,
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and energy efficiency was 96%, which was better than DTRA (84%), CEEPR (89%),
DMR (92%), and GNN (94%).

5 Conclusion

In conclusion, the proposed EONRCB model provides a detailed framework to facilitate
effective and dependable data transmission in 6G communication networks. With a
combination of various smart processes, the model addresses essential issues such as
network congestion, high energy usage, and insecure routing. The TNSW is effective
in measuring network traffic, and it ensures that routing is based on reliability and the
capacity of nodes to transmit. The Petite Access Control system has been demonstrated
to enhance security and efficiency in packet fragmentation control and has been designed
to create secure data proxies. Additionally, the SLR-CRNA certifies that the interactions
between routes and the active nodes are valid, ensuring that routing routes can remain
consistent and adaptable to dynamic network requirements. Generally, the EONRCB
model achieves high energy efficiency, route stability, performance, throughput, and a
longer network life cycle. It offers an optimized service-driven transmission architecture
that supports reliable communication, reduces congestion, and facilitates adaptive routing
techniques for next-generation 6G networks. The proposed SLR-CRNA technique offers
higher efficiency in energy efficiency analysis compared to previous DTRA, CEEPR,
DMR, and GNN approaches. Additionally, the efficiency rate of energy efficiency
achieved with the proposed SLR-CRNA technique is 96%. Similarly, the efficiency
rates of energy efficiency analysis relative to previous DTRA, CEEPR, DMR, and GNN
approaches are 84%, 89%, 92%, and 94%, respectively. A primary impact of the SLR-
CRNA technique is the improvement of network performance metrics, such as 74%
bandwidth enhancement, 96% increased network lifespan, 99.2% routing efficiency, 92%
packet delivery rate (PDR), and a 97% increase in throughput, along with significant
reductions in packet loss and network latency (10% and 8%, respectively). Additionally,
it reduces the transmission ratio by 94% and energy consumption by 20%. Such a strategy
underscores the importance of deploying edge-based services and optimizing cluster
nodes in the future 6G network environment.
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