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Abstract: 5G technology will allow communication networks to manage a wider 
range of network services from a wider range of locations, making them more 
adaptable. It also provides an overview of the 5G-ESSENCE project and a small cell 
design for 5G networks that was created as a result of the initiative. Cloud computing 
on the edge and small cells as a service are at the core of this system. Researchers 
explore how to convert their proposed architecture for 5G radio resource 
management and how to slice the network based on that architecture in this paper. 
This research also looks at many aspects of 5G technology, such as radio links, 
multi-RAT, and so on. Radio access networks (RANs) can be improved via network 
function virtualization, as well (NFV). A public safety use case's improvement in 
defined key performance criteria is then evaluated. Finally, the performance of a 5G 
network capable of supporting an increase in the number of multicast multimedia 
broadcast services will be evaluated. 
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1. Introduction 

With its advent, a new network environment for mobiles data network and numerous 

multimedia services was formed [1]. The upcoming 5G mobile networks will deliver a 

high-speed transmission rate that will be simple to use. From the operator's standpoint, 

the expansion of mobile networks necessitates a continual effort to reach an agreement 

on capacity increases [2]. For concepts in the expansion of mobile networks, data traffic 

involves a grasp of the relationship between increasing capacity and lower costs [3]. The 

project 5G-ESSENCE is currently being funded [4]. Continued development of the small 

cell concept, utilizing the grating capabilities of mobile Edge Computing (MEC) [5]. The 

tiny cell provided by the cloud is the subject of this paper (CESC). The project developed 

a solution that increased the capacity of a Network Flexibility Radio Access Network 

(NFV) [6]. New and higher bandwidth spectrum in the MW region is required in RAN 

to accommodate crucial new technology, such as small cells. As a result, new mobile 

networks will be necessary to maintain a high level of traffic in the near future. Analysts 

predict that by 2020, increased data per user by a factor of up to 50-100 will have 

increased to 500-1000 times, while mobile internet density would have increased by up 

to 10 times [7], [10].  

As an enabler, NFV is also being used to construct a cost-effective and energy-

efficient RAN. Despite the lack of clear specifications at this time, 5G technology is 

rapidly gaining ground in several areas.  
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A new age in mobile communications, or fifth generation (5G) mobile 

communication systems, has begun with the rapid development and development of 

mobile networking technology. There is an understanding that the 5G system can be 

installed in 2020. That is not to say that developing all-dimensions, user-cantered 

relationships between people and objects is outside time and space constraints [8], [9]. 

The 5G network aims to meet a variety of user quality of service needs, such as data rates 

and latency, in various application scenarios [10-18]. 5G should be able to provide 

seamless high-speed services at any time and in any location, whether at the edge of the 

network or at high speeds (up to 500km/h) mobile in a plot with seamless broad-area 

coverage. In the metropolis area, where the density and volume of wireless traffic 

demand are both very high 5G, the network should offer high capacity [19- 23]. In the 

case of 5G mobile networks, it's critical to support these varied services as "renters" in 

order to develop new, highly personalized and unique services, as well as related business 

models for certain vertical markets [11]. 

 

2. Literature Review 

1995 It advises us about how, beyond 2020, to respond to increased traffic increasing 

the volume on mobile phones and wireless communication networks costs and spectrum 

use efficiency. Furthermore, due to the large number of devices and diverse use cases, 

mobile wireless communication solutions will be required [8]. In 2013, it focuses on the 

numerous benefits that NFV paradigms bring to broadband satellite networks, as well as 

their impact on traditional satellite system architecture. It also shows how NFV improves 

service delivery agility and reduces time-to-market for new services [13]. This paper, 

published in 2015, examined the current progress of 5G standardization and analyzed 

recent documents from major players to determine the uses enabled by 5G technology, 

with a focus on three primary technologies: SDN, NFV, and MEC. And this study will 

provide a detailed overview of 5G stakeholders' expected roles and actions [16]. 

In 2016, this study outlined a road map for a comprehensive review of the trade-offs 

associated with various small cell virtualization technologies in 5G mobile networks, as 

well as the rapidly increasing mobile data traffic during the previous few years [17].In 

2016, this research looked into the ultra-cloud small cell network (UseNet), which 

combines cloud computing with large-scale small cell development, as well as the 

advantages and disadvantages of several candidate wireless networking technologies, 

such as optical fibre and wifi-based unlicensed spectrum [12].It initially outlines how 5G 

envisions a "hyper-connected world" in 2017 and then moves on to the future. This paper 

analyses the conceptual difference between radio resources, as defined It includes a 

number of ways for dealing with important 3GPP-defined 5G network services as well 

as cloud resources like VNF and SDN [3]. The T-NOVA project created a functioning 

NFVMANO stack in 2017, and this image displays it. It also discusses the MANO 

component stack, which is service-oriented and totally modular. As a side note, SLA is 

also addressed in this paper (service-auto scaling). 

 To begin, it provides an overview of the 5G ESSENCE ecosystem, including use 

cases and KPIs, as well as a road plan connecting the project pilot to these capabilities. 

Later in 2018, the 5G ESSENCE project will be launched, which is based on edge cloud 

computing and tiny cell-based services (SCAAS). According to the findings of this 2018 

study, traffic on a future fifth-generation (5G) mobile network can be visualized and 

measured quickly and scalable in a growing 5G network as part of a comprehensive 5G-

QOE architecture [19, 20, 21]. Here we show how to leverage mobile-edge computing 
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(MEC) to free mobile devices from computationally expensive workloads by uploading 

them to a nearby MEC server and stochastic combined reading and computing resource 

management for MEC systems with several users [6, 7, 9, 11]. 

3. Methodology: Random 5G-ESSENCE overview 

The comprehensive overview of the 5G-ESSENCE architecture, as well the 

definition of network services in the project's concept is compiled in this article. Multi-

operator radio access and increased capacity and performance of current RAN 

infrastructure have been achieved using the micro cell idea developed in 5G-ESSENCE 

techniques. The 5G-ESSENCE architecture is shown in Figure 1. (1). The ETSINFV 

framework for managing visualised network functions is coupled with the current 3GPP 

framework for network management in RAN sharing scenarios. 

This was created after a comprehensive analysis of the software control and 

hardware infrastructure, as well as their interrelationship. Additionally, network function 

virtualization enabled by SDN is seen as a viable way to enable network slicing (NFV). 

There are three types of NFV: traditional network components like the MME (mobility 

management entity) and radio access networks (RANs). Figure 1 displays the 5G 

network slicing-based logical architecture (2). Using a heterogeneous network for the 5g 

radio access plane, multiple radio access technologies (RATs) can work together 

efficiently, and the traditional centralised architecture of the CN is now separated from 

the user plane in the form of a core cloud to reduce signalling delays and data 

transmission delays [20]. 

3.1. 5G technology components 

When it comes to developing connectivity solutions for this sector's challenge, 

METIS will concentrate on the following technical components: a mobile 

communication system for society beyond 2020, with its varied range of services and 

relevance demands. 

A). Listed below are some radio stations that you can listen to: It will test and create 

new radio-link concepts that will be improved to satisfy the requirements of future 

applications in light of the scenarios that have already been recognised. Multiple accesses, 

medium access control (MAC), and radio resource management (RRM) will be improved 

to increase system efficiency. The radio links are shown in Figure 3 [8]. 

B). Multi- RAT: It networks will look into network-level aspects related to the 

effective construction, operation, and optimization of future wireless communications 

systems, with a focus on heterogeneous multi-layer and multi-RAT distributions. As a 

result, depending on the interference and mobility management solutions created in the 

preceding activities, it will next determine which functional network enablers are 

relevant to assisting these strategies. Finally, the effective integration of roaming cell 

concepts into diverse networks will be examined. Figure (4) [8] shows the heterogeneous 

multi-layer & multi-RAT distribution. 
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Figure 1: Radio-links concepts. 

 

 

 
Figure 2. Heterogeneous multi-layer and multi-RAT deployments. 

 

 HD (D > 1000) vectors are its principal data type. Holographic computing means 

that no vector component holds more information than the others, unlike arithmetic over 

numbers. There is a Hamming distance between the two vectors a and b. The binary axes 

x and y are orthogonal D-dimensional axes as given by Eq. (1). The inner product is zero 

if d H (x,y) = D/2. The HDC Principle almost ensures orthogonality in high-dimensional 

spaces. As D increases, the concentration around 0.5 gets increasingly concentrated. 
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Associative Search is a crucial operation for finding the Closest to stored class hyper 

vectors in the MAP encoded hyper-vector. In addition to finite automata simulation and 

logical and analogical reasoning, HRR has been utilized to tackle numerous difficulties. 

For the dataset operation, there is only one trip through MAP as shown in Figure 1. 

 

Figure 3. High dimensional orthogonality around 0.5 as D increases. 

 

Multiply-Add-Permute (MAP): Complex using these encoding operations. 

structures such as sequences, lists, and trees can be represented as shown in Figure 2. 

 

Figure 4. The Generic HD Processor. 
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With two-channel input streams, the principal component and dataflow during the 

test are depicted. The sole programmable component is the encoder, and the systolic 

array is the most appropriate architecture as shown in Figure 4. Energy is consumed by 

HDC's CPU, eGPU, and ASICs. On the other hand, a linked system of five 28nm ASIC 

processors with 10240-dim vectors has an energy cost that is five times greater than that 

of the single 28nm ASIC processor.  

 

4. Results and discussions 

MATLAB and the NN architecture in C++ are used to demonstrate the planned Voice 

HD and Voice HD+NN capabilities. A new method of voice recognition has been 

devised that is based on brain-inspired hyperdimensional computing. When compared to 

a deep neural network, the energy efficiency of Voice HD and Voice HD+NN is 11.9 

and 8.5 percent higher, the testing time is 5.3 and 4.0 percent faster, and the training time 

is 4.6 and 2.9 percent faster as represented in Table 1. 

 
Table 1. NN, Voice HD, and Voice HD + NN during training and testing 

  NN Voice 
HD

Voice 
HD+NN 

Training Execution dataset/ 
time

17 
Minutes

3.7 
Minutes

5.9 
Minutes 

Testing Energy 
query/consumption

454 mj 38 mj 53 mj 

Execution 
time/Query

3.71 ms 0.87 
ms

2.14 
ms 

 

These designs, which are executed on CPU cores, have a great deal of power, 

execution time, and accuracy. When it comes to training and testing, I use an Intel Core 

i7 processors with 16 GB of memory. Afterwards, I use a Hioki 3334 power metre to 

compute the output voltage. When in this mode, for Training Efficiency, consider the 

energy and speed of HD-based design and neural networks. I (1) The HD's one-shot 

learning capacity (2) The use of easy element-wise operations rather than expensive 

floating-point operations for calculation (3) The HD's one-shot learning capacity (4) 

When evaluating efficiency, both the encoder and the associative memory provide 

information on energy consumption and execution time. Because of the utilization of 

high-definition operations, Voice HD provides the highest level of efficiency. When it 

comes to efficiency, despite the fact that Voice HD+NN has both NN and HD layers, it 

surpasses NN with hidden layers. 

 

5. Conclusion 

Using future HD difficulties as inspiration, the authors offer a novel system design 

that fulfils human activity detection tasks. The tasks include: They also present an 

optimization technique for improving the accuracy of HD-based categorization as well 

as the efficiency of the procedure. According to our research, as associated to neural 

networks model training, the suggested approach can accelerate model training by up to 

485.9 times more quickly. Furthermore, the HD technique can be used to deal with a 

range of classification issues that may occur in Internet of Things systems, such as those 

related to location. The authors recommend that more optimization methodologies be 

researched in order to increase the quality of HD-based categorization. Also 
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concentrating on hardware design in order to more effectively implement the proposed 

technique for utilizing high-density computing in low-end device control systems, which 

is now under development. 
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