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MOBILITY ENHANCEMENT BASED ON VIRTUAL CELL IN 5G 
ULTRA-DENSE NETWORKS 

 

Abstract 
 

In the last few decades, the previous four cellular generations have overtaken each other 

one by one with a terrific paradigm shift in technology that has ruined the backward compatibility. 

4G-LTE/LTE-A (Forth Generation-Long Term Evolution/Long Term Evolution-Advanced) has 

already overtaken 3G (Third Generation) with high data rate and low delay based on flat IP 

network architecture. With the developments in cellular technologies, users and their demands are 

growing exponentially due to high speed internet services in the form of online multimedia 

streaming, 3D video, virtual reality, social networking, e-banking, interactive gaming and IoT 

(Internet of Things). New wireless technologies bring new mobility scenarios and extend the 

mobility objects.  

As one of the promising technology of 5G network, UDN (Ultra Dense Network) will play 

a key role in increasing not only the average user throughput but also the system capacity with 

hyper dense deployment of small cells especially in the form of FAPs (Femto Access Points). With 

the trend of network dense deployment, it is expected to provide high data rate, low signaling 

overhead and low delay in future 5G. Because of these issues, UDN which leads to frequent 

measurement, intolerable handover failure (HOF) rate. 

According to Virtual Cell (VC) forming/reforming architecture, we consider a User Centric 

Network (UCN) that breakdowns the traditional cellular architecture to compare with the LTE 

system. VC is a large cell, consisting of many several femtocells to provide coverage and 

borderless services, which is perhaps, a promising solution to mobility management in 5G UDN 

systems.  Our simulation results show that with different parameter settings (TTT, offset), the 

handover failure (HOF) of VC scheme decreased compared with the LTE system. 

 

KEYWORDS: 5G, Virtual Cell, Femto Access Points, User-Centric Network, Ultra Dense 

Network, Handover, Mobility 
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摘要 

在过去几十年中，前四代蜂窝通信技术接连取代上一代通信技术。每一次更新换代都

包含对原有技术的升级。基于Flat IP网络体系，4G-LTE/LTE-A (4th Generation-Long Term 

Evolution/Long Term Evolution-Advanced) 实现了高数据率和低延时，已经取代3G (3rd 

Generation)。随着蜂窝通信技术的发展，由于在线多媒体流、3D视频、虚拟现实、社交网

络、网上银行、交互式游戏以及物联网等多种形式的高速互联网应用的发展，移动用户以

及他们的需求呈现指数增长。新的无线接入技术带来新的无线接入方法，并拓展了无线接

入的范围。 

作为5G网络中的一项有前途的技术，UDN (Ultra Dense Network)将会在增加用户平均

吞吐量以及通过特别是以FAPs(fem接入点)的形式，以密集方式部署小站来提高系统容量。

随着网络密集部署的发展趋势，研究者期望未来5G网络能提供高数据率、低信号传输和

低延迟的服务。为了满足这些需求，站点密集化是一种趋势，但是超密集部署也导致了频

繁的测量、切换失败Handover failure (HOF)率的提升。 

基于虚拟小区构建和重建准则，分析VC(Virtual Cell)实现方法，并与传统LTE切换做

对比。虚拟小区构建了一个逻辑小区，由多个物理小站构成，提供广域覆盖和无边界服务，

是一种解决5G UDN系统移动性管理问题的方法。仿真结果表明，当TTT和Offset取不同参

数时，VC相对于LTE系统，HOF均显著降低。 

 

关键词：5G，虚拟蜂窝，家庭基站，以用户为中心的网络，超密集网络，切换，移动性 
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Chapter 1 Introduction 

 

In chapter, we will discuss about current and future demands of cellular network customers. 

Why current technology will not be enough to fulfill the next generation wireless network demands 

and how it can provide seamless services with high data rate and low latency? After that we will 

introduce our research topic and discuss how it can be help to achieve future goals of wireless 

communication? 

 

1.1. Future Trends of Wireless Communication 

Due to the increase in demand of mobile wireless communication which has experienced 

explosive growth over the past decade, and the popularity of smartphones, tablets and every 

customer has the same future demands of wireless communication which include uninterrupted 

service without any delay and high mobile broadband connectivity. The high demand of cellular 

customers also includes watching online streaming HD videos, advance IoT (Internet of Things). 

They also want virtual and augmented reality services uploading and downloading pictures by 

using mobile cloud based services. Besides, they want these services not only in indoor but also at 

outdoor areas with high speed mobility.   

For this reason, Mobile communication technology and industry are moving into the stage 

of the 5G (the fifth generation) towards 2020 and beyond. Mobile data traffic will be rapidly 

increased from 2014 to 2020 According to the recent prediction. Ericsson also envisioned that 

there will be around 50 billion connected devices in 2020. Wireless routers, smart phones and 

tablets will play the key role for generating large number of data traffic especially in the form of 

video [1]. 

As shown in figure (1-1), according to the Ericsson prediction, 90% of subscribers in the 

world from the age 6 years old will use smart phones in 2020. Therefore, 

clouding/virtualization/clustering technologies will come in, to overcome the future demands 

because of the data future data will be video mostly [1]. 

According to METIS reports, following are 5 big challenges that 5G will face in future: 

 10 to 1000 times more devices will be expected in 2020 
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 1000 times mobile bandwidth requirement as compare to current LTE-A 

 Higher data rate demand will increase 10 to 100 times per user 

 10 times longer battery life require for low power devices 

 Latency will be reduced to 10 times as compare to current 4G networks 

 

 
 Figure (1-1):  Global mobile traffic and smart phone subscriptions – Ericsson estimate [1] 

 

A very high traffic density in crowded and hotspot areas, such as football grounds and 

airports are one of the key future challenges of 5G.  

 

1.2 Motivation 

As, we have discussed about future technologies and its demand in the last section. Due to 

little researches have been made on the open issues of mobility management (MM) in the two-tier 

macro cell of femtocell network in Ultra Dense Network (UDN). As UDN is one of the promising 

technologies of 5G and its parameter setting (TTT: 320 ms, Offset: 3 dB) cannot support user‘s 

speeds in 5G due to high handover failure ratio, which is caused by handover delay. Also, the other 

parameter setting (TTT: 0 ms, Offset: 0 dB) can suppress the handover failure ratio and increase 

the number of handovers, which causes unnecessary signaling. It therefore motivates us to work 

on novel VC design to provide seamless coverage and borderless service for a moving mobile user 

using the split of control plane and user plane(C/U) which we know that provides mobility 
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enhancement and more flexibility. Hence, we compared our framework  with the LTE system and 

have a better result.  

1.3 Objectives of the Thesis  

The main objective of our dissertation writing is to use Virtual Cell (VC) 

forming/reforming selection scheme to compare with the LTE system by selecting the best 

candidate cells to form a VC which is optimized in terms of user’s moving trajectory and RSRP to 

provide fast handover in UDN. VC is signed by the UE’s physical ID and is a larger cell consisting 

of several other candidate femtocells to provide seamless coverage and borderless service, which 

may be a promising mobility enhancement strategy for future 5G networks. By doing this, it will 

enhance mobility and reduce interference. We evaluated our work using MATLAB based LTE SL 

simulator. 

1.4 Research Questions 

 How mobility can be enhanced using VC forming and reforming? 

 What is the level of performance degradation that can be expected if VC forming/reforming 

is deployed hyper densely, within the coverage area of MBS in 5G cellular network? 

 How the use of VC will solve the problem of cell edge users and more handovers between 

FAP and FAP. 

1.5 Scope 

 By using the concept of VC forming/reforming in future 5G UDN:  

 UE will be flexible and unperceptive of mobility by removing extra handovers because of 

UCN using VC.  

 If compared with the traditional cell, border will be eliminated in VC-UDN; therefore, this 

will solve the CEUs problem.  

1.6 Thesis Organization 

As in overview part, we have already introduced about our dissertation topic with some 

future trends, predicted problems and why we are working on this topic. Now, we discuss about 

the chapter wise outline of our dissertation. Our dissertation is organized as follows.  

In chapter 2, we discussed some background knowledge and literature review about our 

thesis work. In this chapter we explain key concepts of our thesis related to FAPs, UDN, UCN, 

SON, VC, Mobility, Interference, etc. 
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Chapter 3, we compared our system model and scheme. We also discussed about our 

research contributions in detail. Why we use VC in UDN? How it works? And how it will be 

beneficial for future 5G UDN? 

In Chapter 4, the reputation of system level simulations is emphasized, as it allows for 

simulation of situations where rather than that of a single link, thus, the performance of a composite 

network plan can be evaluated. We evaluated our future scheme and produce successful results by 

using MATLAB based LTE System Level Simulator. This chapter pronounces the experimental 

setup engaged to analyze the algorithm. 

Finally, in chapter 5, we achieve the work completed in our thesis and sheds light on 

upcoming directions linked to our research work. This chapter gives a summary of how this 

research thesis pays towards the general working of User-Centric VC design in 5G UDN. 

This chapter has specified a brief but brief understanding of present and future weights of 

mobile communication technologies, concentrating on the necessity of densely deployment of 

FAPs to rise the data rate. But it is experiential that by the deployment of highly dense FAPs, it 

will increase handovers. So, it is a need to overwhelm this problems for future wireless technology.
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Chapter 2 Related Work 

 

In order to study VC forming/reforming design for future UDN; it is important to know 

about some background understanding of our work. In this chapter, we will discuss prior cellular 

architectures and their problems. It will helpful for the understanding of our work and why we are 

using VC forming/reforming in our study and how it can be beneficial in future cellular 

technology? 

2.1 Traditional Cellular Network Deployment Approach 

Traditionally, MBSs (Macro base Stations) were deployed as BS (Base Station) or cell 

centric based homogenous cellular network. MBS have a large coverage area and each coverage 

area is called a cell which can supports up to 35km.  Network planning requires before its 

deployment at any location. Although, MBS can more user connectivity and  cover large area at a 

time but the network planning taken a lot of time to specify the correct location for deployment of 

MBS and assigned frequencies according to pre-network planning.  

In traditional MBS, it remained identical frequency in all networks. Thus, interference 

arises due to same frequency in neighboring MBSs. Additional problem is that MBS have poor 

signal quality at cell edge area. To overwhelm interference from adjacent MBSs, many techniques 

were presented. Regularly cell splitting techniques was cast-off by dividing one cell into 3 or 6 

sectors. Because of that reason, directional antennas were used to offer coverage in diverse sectors 

and also link budget were essential to maintain QOS (Quality of service) for UÉ (User Equipment). 

Doing this useful scheme, still weak network service was perceived for cell edge users and indoor 

clients of MBS. FR (Frequency Reuse) method was also used to lessen interference. It abridged 

network bandwidth also for the reason that frequency channels were divided into sub-channels to 

allocated different frequencies at neighboring MBSs. The ideal resolution is the deployment of 

more MBSs to resolution network coverage and QOS difficulties for rural and urban area cellular 

clienteles but it players more on OPEX/CAPEX (Operational Expenditure/Capital Expenditure) 

and eats more energy. Hence, in upcoming it will not be deployed any longer to save energy and 

cost [4]. In MBS built architecture, Control and User (C/U) plane were centralized. All the control 
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purposes were done by MBS and all the data related facilities like uploading and downloading of 

data are also held by MBS [5]. 

2.2 Heterogeneous Network 

 
 Heterogeneous wireless network is denotes as interconnection of diverse wireless network 

with different essential radio access technologies. Because of the need to speechless the difficulties 

of traditional homogenous network, Heterogeneous Networks (HetNet) was brought into wireless 

cellular network. As virtually all the customer wants good QoS/QoE and more bandwidth, as well 

as they hunger to detect more quickly to the BS. Thus, HetNet is the best solution by deploying 

Small Cells (SCs) within the coverage area of MBS to cover both coverage and bandwidth. Hence, 

User Equipment (UE) is locating more nearer to BS. HetNet has already been deployed in many 

countries in the world within LTE/LTE-A cellular network [4]. In HetNet [5], it is not necessary 

to use huge number of MBSs deployment in cellular network. So HetNet also comprises of not 

only traditional prearranged MBSs but within the coverage zone of the MBS, SCs are 

correspondingly deployed (i.e. micro, pico, femto and relay nodes etc.) in unplanned means.  

Though, understanding the coverage and capacity values of HetNet, operatives are fronting 

new technical challenges in mobility management, backhaul provisioning, etc. [6]. Between these 

challenges, mobility management is a matter of special importance and is our research interest. As 

the amount of deployed cells upsurges, so too does the number of cell edges [7]. At cell edges, end 

user knowledge can be wedged by frequent handovers (HOs), an increased HO failure (HOF) rate, 

and a little throughput. Due to small-cell channel fading and interference, the HOF rate for HetNet 

is frequently advanced than that for macro cell networks, mainly for HO start of small cells to 

macro cells [8]. Although, HetNet have resolute a lot of homogenous network problems, besides 

it produced more new issues also. For example, intra and inter cell interference increase. Though 

many resolutions have been completed to lessen interference; for effectively deployment of 

HetNet, here is a need of efficient Radio Resource Management (RRM) plans for resource 

allocation to clients and network choice [9].   
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2.3 LTE Based Mobility  

In LTE system, UE mobility is contingent on the state of the RRC. There are two states of RRC, 

the connected (RRC_CONNECTED) and the idle (RRC_IDLE). In the idle state, there is no RRC 

link between UE and (E-UTRAN) evolved universal terrestrial radio access network. And the UE’s 

mobility can be pronounced as the cell selection/reselection. The changed is that, in connected 

state, devoted RRC connection occurs among UE and E-UTRAN. Thus, the mobility of UE can 

be stated as cell handover.  

 

 
Figure (2-1) LTE handover procedure  

2.3.1 LTE Handover Problems 

As shown in Figure (2-1), the first problem is the mobility robustness performance while 

second is the HO interruption period. The key reason of HOF is the HO Command letdown owing 

to signaling in an inter-cell interference area at cell edge. In terms of vigorous handover, mobility 

robustness develops a complex issue in many cell border conditions as it is real network 

deployments. Many new wireless communication developments, such as great beamforming and 

a sophisticated frequency and non-ideal real network organizations, could make the mobility 

robustness issues very serious.  

Because of the above reasoning, 3GPP Rel-13 study articles on mobility enhancements for 

LTE have been present to enhance the mobility robustness [16]–[17]. For the HO interruption 
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which is the second issue, the time per HO stately from a live LTE network is be young 50 ms on 

normal, which can have a bad result on the quality of experience (QoE). Therefore, a 3GPP Rel-

13 study item was also proposed for the optimization of the HO measures so as to curtail 

interruption time deprived of random access overhead [18].Correspondingly, a lot of  resolutions 

for enhancing the mobility robustness performance in LTE networks were presented and 

deliberated in 3GPP [19]–[20]. The “Protect HO command” explanation protects HO CMD by the 

means of frequency-domain or time-domain interference management [21]–[22]. 

Hence, LTE put forward two key enhancements to the overall HO performance in LTE 

networks. These are (RLF) Radio link failure proactive HO and the (EHOPPPA) Early Handover 

Preparation with Ping-Pong Avoidance HO. The RLF proactive HO uses an advanced HO trigger 

event when UE is in a weak radio link condition; therefore, an HO is assumed to be accomplished 

before an RLF occurs. While EHOPPPA HO splits (HOP) HO preparation from (HOE) HO 

execution. It guarantees HO signaling is accomplished strongly while a UE is in a good radio link 

state with early the HOP, and it performs an HO at an optimal time to the best target cell using  the 

cell selection of the UE and the with ping-pong (PP) avoidance [23].  

2.4 Ultra-Dense Network (UDN) 

Enchanting the advantage of small cells notion in HetNet one step more, upcoming 5G 

UDN will be deployed LPNs in the system of FAP with ultra-high density, causing in an Inter-Site 

Distance (ISD) will be merely ten or little meters. UDN targets to bid ultra-high data rate per user 

at indoor and hotspot crowded areas.  

2.4.1 UDN as a best solution of 5G 

In Chapter 1, we have deliberated that Upcoming 5G cellular network would be a mixture 

of diverse technologies and solutions for diverse resolutions. UDN is among them and will drive 

typically at hotspot zones. Authors foretold in [24], upcoming 5G technology will use UDN to 

realize the foretold traffic demands and high data rate necessities. Thus, UDN is widely measured 

as a key factor for achieving forthcoming network goals. Meanwhile, UDN is a local-area answer 

that will be used with the mixture of diverse other results for 5G cellular network. In [25], novelists 

considered UDN as one of the promising technologies of future 5G; UDN will upsurge the 

bandwidth while by means of an effective resource management scheme in incomplete frequency 

spectrum. Universe and frequency densification principal to network densification in the system 
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of counting new frequency bands with the current (licensed/ unlicensed) and huge deployment of 

small cells [26]. 

In [3], novelists recognized UDN toward 5G with the subsequent three features: 

 Very great density of APs for plenty of mobile access openings. 

 Diverse types of APs for flexible network connection varieties. 

 HetNet with diverse coverage zones and multiple RATs. 

2.4.2 UDN as Self-Organizing Network 

 As commonly known, Self-Organizing Network (SON) is state as network which has the 

capacity to animatedly adjust modifications in the network in order to optimize their performance 

with the assistance of automated topographies. It is among the state of the art technologies which 

are used for automatic and quicker but in a simple management, planning configuration and 

optimization of Radio Access Networks (RAN). Using SON, it supports the reduction of hardware 

O&M (Operation and Maintenance) cost with an upsurge in the network resource utilization.  

Besides, as Virtual Cell will be hyper densely deployed in upcoming UDN, so, SON is also 

encompassed as one of the key eye of forthcoming 5G UDN technology, not only as a cast actual 

solution but also as an interference management technique [26].  

SON is the elementary obligation of LTE-A as well as will show a key role in upcoming 

5G UDN for hyper densely deployments of wireless knobs. The following are three kinds of SON 

architectures: 

 Centralized 

 Distributed 

 Hybrid 

Following are some basic functions of SON, needs to improve performance in these areas.  

 Self-configuration: SON permits the go-ahead plug-and-play configuration method of 

freshly deployed nodes (such as FAPs). The node is arranged by the aforementioned with 

a Physical Cell Uniqueness, transmission frequency and power. Therefore, prominent to 

faster cell scheduling and afresh rollouts nodes. 

 Self-optimizing: This feature permits the optimization of coverage zone, network capacity, 

interference and handover. Its functions are included and briefly deliberated in Release 9. 
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 Automatic neighbor relation: This feature also permits nodes for sharing and getting data 

from its adjacent nodes. 

 Self-healing: Owing to self-healing, Capacity and Coverage Optimization allows 

automatic modification of capacity issues contingent on slowly changing atmosphere, like 

seasonal differences. These topographies for automatic discovery of failure and topology 

alteration with dynamically modification of parameters are largely deliberated in Release 

10. 

SON features and its roles are concisely deliberated in 3GPP release 9 and 10 [18].  

2.4.3 UDN VS Traditional Cellular Networks 

In section (2.1 and 2.2) we talked about traditional cellular networks. Now we wish to 

relate traditional cellular networks with UDN. The main difference among them is the density of 

nodes and users. Usually, three to four MBSs are fitted per 𝐾𝑚  in traditional cellular network 

nevertheless in UDN; thousands of FAPs will deploy in a very densely way at per 𝐾𝑚  zone due 

to densely increasing amount of customers and their loads.  

2.4.4 UDN Challenges 

As UDN has numerous benefits that are foretold for upcoming wireless technology, also 

current and compound issues are also estimated to achieve these goals.  

In [3], authors deliberated about major encounters of UDN: 

 Mobility issue due to more handovers 

 Enormous Inter and Intra cell Interference 

 Spectrum Allocation 

 Signal Overhead issue 

 Overlapping of FAPs 

 Backhauling  problem 

 More Power Consumption, etc. 

Writers also examined in [27], since FAPs are possible to work on the equal frequency band as 

MBSs, therefore, co-channel interference can decline the total throughput in the network.  

Thus, as the amount of FAPs upsurges day by day, the gathered interference turn out to be 

a serious matter. Therefore, superior attention needs to be waged to this type of interference. 
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Meanwhile, we concluded that existing features of LTE HetNet are not suitable for UDN. Hence, 

the deployment of UDN in 5G is not an easy task there is a need to work on these problems to fill 

this gap. In Chapter 3, we will briefly discuss our VC scheme solutions of UDN problems. 

In the meantime, the disposition of ultra-dense small cells for as long as high data rate, 

offer unbroken coverage and offload from the up-to-date macro cells, therefore accumulating the 

system capacity has remained a favorable technology for 5G which stresses 10Gbps peak data 

speed [26]. Femtocells are low-power, short-range cellular positions which are installed in an 

unintended way [27]. However, a lot of investigations have been done in the direction of the 

understanding of the main tasks of interference in femtocells. From what we observed, little 

attention has been paid on the problems of mobility management (MM) based on macro cell in the 

femtocell network for 5G. The main drive for solving user mobility issues is to guarantee the 

continuity of service and to offer a continuous handover. Meanwhile, in UDNs, the factor set (such 

as TTT 320 ms, Offset: 3 dB) cannot upkeep 5G speeds because of high handover letdown rata, 

which is triggered by handover interruption. And the further parameter setting (such as TTT 0ms, 

Offset: 0 dB) can organize well in overpowering the handover catastrophe ratio, but can also 

upsurges the rate of handovers, which we know, originates needless signaling. In a macro-assisted 

small cell improvement design was projected to create small cells a “data-only” carrier, by using 

the macro cell fully [28]. In our work, novel virtual cell design is used to compare the traditional 

LTE mobility and HOF rate system and to a deliver continuous coverage and borderless facility 

for a moving mobile user by means of the splitting of control plane and user plane(C/U) which we 

know that will offer mobility enhancement and more flexibility in further 5G network.  

2.5 User Centric Networks (UCN) 

In traditional cellular network, Cell Centric (CC) or BS-centric method was used. In CC, 

all the resolution was done by MBS due to thorough regulator and command. A lot of studies have 

been carried out about cell centric. Future cellular network architecture would be radical change 

from BS-centric or CC to User Centric Network (UCN) environment. Fundamentally, UCNs are 

SONs where UEs are donating a key part in delivering of networking functions such as sharing of 

Internet access to additional users such as hotspot. This is also known as device centric network 

that is mostly used in device to device communication [29]. UCNs are branded by impulsive and 

grassroots distributions of wireless architectures, where consumers on such surroundings roam 

very often and are also possessors of networking apparatus. Known to UCNs is a social conduct 
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that is heavily influences network operators from an end-to-end viewpoint.  UCN arose as a way 

of, greatly mitigating the issues of sharing partial network capacity and resources proficiently, 

solving and fairly.  In [30], authors contended about the UCN permitting facilities such as node 

admittance control, resource detection, collaboration between neighboring nodes, security, etc. 

UCN is a beneficial resolution for powerfully utilizing the restricted network resources like 

bandwidth since it the whole thing is like a micro network operative. By the use of UCN, the 

improvement of communication services, fault tolerance, and detection and load balancing are 

granted in 5G networks. 

2.5.1 Moving Cell 

A moving Cell is one of state of the art technologies and of the examples of user centric 

network which includes Amorphous Cell and Phantom Cell. It has emerged as a radical 

modification for wireless communication. In [31], authors deliberated about newly proposed new 

moving Femtocell idea which has a great imminent in the next group of smart transportation 

systems like driver less vehicles. In moving Femtocell, there is joint FC technology with the 

moving networks to brand FC as a moving entity. As, moving Femtocells are SC that can easily 

move about and dynamically updates its connection to an operatives CN (Core Network). 3GPP 

also deliberated about the comparable idea in [32]. Rendering to 3GPP, MRNs (Mobile Relay 

Nodes) there is the necessity to be installed in public vehicles. Because, MRN can deliver plane 

service to mobile users in that vehicle due to moving with UEs. Thus, moving network allows 

group of mobile nodes to interconnect among themselves. 

This idea is not only constrained within vehicle, but can also be prolonged also outside 

vehicles. In our novel VC design, we are also expending moving cell idea with the blend of other 

improved techniques to make it serviceable for upcoming wireless technology. In chapter 3, we 

will deliberate about it in detail.  
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Chapter 3 Work and Methodology 

 

In Chapters 1 and 2, we have already discussed about future 5G UDN demands and its 

future challenges. Many researchers have suggested different new models for future cellular 

technology. In this chapter, firstly, we will discuss about the problem statement (mobility 

management) on which we are working. After that we will compare using new technique (our 

novel VC design) for upcoming 5G technology in UDN scenario. 

3.1 Problem Statement 

Different from these works, we focus on the virtual cell design for mobility enhancement 

in UDNs. Because future mobility management is predictable to offer high data rate, low delay, 

and low signaling overhead; And UDN has been seen as a promising technology for 5G system; 

but its user mobility is low as compared to traditional cellular network shown in figure (3-1). 

We therefore put forward, a Virtual Cell (VC) design using the splitting of control/user 

plane to build a user-centric wireless network and also optimize the wireless transmission 

technology, to enhance and update in terms of user moving direction and user speed to meet the 

user’s moving preference in UDN. Although, many challenges arise in the design for virtual cell. 

Such as channel estimation, data storage and signaling interaction due to different conditions of 

multiple users, such as moving trajectory and speed. Therefore, the VC building for each user 

equipment is dynamic; also VC forming/reforming process should be specially designed in UDN 

too. 

3.2 System model 

As shown in figure (3-1), the splitting of control plane and data plane (C/U plane) are 

intended in UDNs to have a high data rate and improved service control. In this structure, FAPs 

are deployed in hot spot areas and the macro cell provides us with “always-on” coverage. Thus, a 

UE receives a high-data rate from the FAPs in the U-plane although connected to the Radio 

Resource Control (RRC) with the macro cell from the C-plane. In the meantime, we only deliberate 

the users mobility serving by FAPs in our work.  
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Besides, we also consider the downlink path with a multi cell network, where UEs are 

located poissonly in B femtocells. The set of the FAPs index is denoted as 

  

                       𝑪 = {𝟏, 𝟐, 𝟑, … , 𝒄}                                                                                (3-1) 

 

In the user-centric network, every user selects one or more FAPs to form a VC for structure 

a borderless network wherever cells are sign by VC-ID. Since each UE has different channel 

condition and moving route, therefore their preferences will differ subject on the user. Thus, the 

VC structure for each UE is dynamic; also VC forming/reforming process should be specially 

designed in UDN too. 

text

text

UE 1
text

VC 1
VC 2

UE 2

Core Network

FAP

Macro Cell

 
Figure (3-1) Virtual cell design architecture taking advantage of C/U split in UDN 

 

Therefore, designated FAPs round UE are stately to be as part of VC after calculating the 

Reference Signal Receiving Power (RSRP) of FAPs. We undertake that the serving FAP monitors 

it’s neighboring wireless communication reference signals and its channel after that UE sends these 

measurement reports to MBS. Reference Signal Receiving Power by UE 𝑖 from FAP 𝑗 at sub-

channel n is expressed as in Equation (3-2):  

 

                                      𝑷𝒋,𝒊
𝒏 = 𝑷𝒋

𝒏𝒅𝒋,𝒊
𝜶|𝒉𝒋,𝒊

𝒏 |𝟐                                                                (3-2) 
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Where, 𝑃  Designates the transmission power of FAP 𝑗 and sub-channel 𝑛, 𝛼 the path loss 

proponent, 𝑑 ,  remains the distance between UE 𝑖 and FAP 𝑗, ℎ ,  is a depiction of fast fading in 

which we assume to be an exponentially distributed random variable that is autonomous among 

all the users. 

And the consistent SINR (Signal to Interference and Noise Ratio) that is received by UE 𝑖 

from downlink channel 𝑛 is articulated as: 

                                        𝑺𝑰𝑵𝑹𝒋,𝒊
𝒏 =

𝑷𝒋,𝒊
𝒏

𝜮𝒌𝝐𝑪/{𝒋}𝑷𝒌,𝒊
𝒏 𝒏

                                                    (3-3) 

Where, 𝑃 ,  shows the expected interference from the co-channel FAPs.  𝜂 is the symbol of 

the white noise power.  𝐶 is the Union of FAPs involved in a network as shown in Calculation (3-

1). 

In Figure (3-1), now we have given exclusive name of every VC as their UE name 

(example, VC1 for UE1 and VC2 for UE2 correspondingly) due to UCN deliberation.  In VC 

architecture, different colors of FAP represent different frequency allocations according to FFR. 

Now, we discussing on some basic terms under VC architecture and its forming/reforming 

process with an example. 

3.2.1 Basics of VC Design 

Meanwhile, VC which is built round a UE can move and notify with UE moving to 

guarantee the channel quality and convey reliable high QoE for UEs. So, VC can support both the 

mobility, decrease handovers and also form edgeless cells in UDN. Here, subsequent are the some 

basic terms of VC structure defined, which will benefit in enhanced understanding of the whole 

VC design procedure: 

 VC: VC is a User-centric virtual network, encompasses of more than one FAPs in a group 

around a UE. It can effectively travel with the UE measure. 

 VC ID (UE Physical ID): UCN based VC structure needs to identify and discriminate 

from one VC to another. Hereafter, VC ID is used for that ambition. It’s a sound ID which 

consists of UE physical ID. Because, UE physical ID is exclusive and remain same when 

UE move about. Since, VC agrees to specific UE; therefore, VC ID is also continued to be 

same if UE will move.  
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 Serving FAP: A FAP that offer services to a UE in a VC is named Serving FAP. In 

additionally, UE is directly linked with serving FAP for data facilities.  

 Synchronous FAP: Some FAPs in a VC are called as synchronous FAPs, those FAPs 

support data synchronization services with serving FAP through x2 border. Whenever a 

UE is moving far from its current serving FAP, at that time there is an obligation of 

selecting a new serving FAP before dis-connectivity from the former serving FAP due to 

the overawed the handover delay. So, one of FAP from synchronous FAPs varies its 

position from synchronous FAP to helping FAP in a VC.  

 Asynchronous FAP: A FAP that is not synchronized with serving FAP and not part of 

VC, is said to be Asynchronous FAP. It can be modify its status from Asynchronous FAP 

to synchronous FAP after UE next moving from its present position to another. 

 FAP Gateway: It controls FAPs, provision and development resources. It assist the UEs 

at the VC forming/reforming procedure. VC size and inform time is similarly selected by 

FAP gateway. Consequently, it keeps and update VC lists. Meanwhile, gateway needs to 

notify the UE to adjust its serving FAP and ensure to complete the data synchronization 

with a synchronous FAP which is the next serving FAP.  

 VC List: A VC list contains the VC ID and FAP Physical ID. The VC ID is the UE physical 

ID corresponding to a precise UE. A FAP is recognized by the FAP physical ID. When a 

UE is moving, its VC ID remains same but it needs to update the FAPs inside the VC. Thus 

change occurred in VC table.  

3.2.2 VC List Construction 

                                         

 

 

 

 

                                                                                              

As shown in figure (3-2),   

 

 

Logical ID FAP Physical ID RSRP Function 

 

UE ID 

Cell ID i  

Cell ID j  

……..  

Cell ID n  

 

Figure (3-2): Illustration of VC List 
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As shown in figure 3-2, VC ID is comprises of UE physical ID and Cell ID specifies the 

FAP physical id. A VC list is recognized by a VC ID that consist of several FAPs plus a serving 

FAP and synchronous FAPs. VC list is updated with UE movement but VC ID still continues to 

remain the same with movement as well.  

3.3 Mobility Enhancement by using VC based on UDN 

The most notable characteristics of mobile communication which differs it from other 

communication methods, is the mobility in it. In a traditional cellular network, users are given over 

from one cell to another. In our novel VC UDN structure, the network will follow a user’s 

movement. UCN makes mobility management functionality different. Now, it is time to describe 

how UC method for VC is helpful for reducing extra handovers? 

3.3.1 Basics of VC Forming/Reforming  

Since, VC is constructed around a UE, can move and enhance with UE as shown in figure 

(3-2)  moving to assure the channel quality and provide steady high QoE for UEs. Therefore, VC 

can upkeep the mobility, reduce handovers and build edgeless cells. For VC foming/reforming in 

such user-centric network, each FAP transmit its physical ID periodically, while the UEs monitors 

the channel and also calculate the RSRP. We defined a purpose entity called CU to improve the 

management as network rises. The CU supports the macro cell to make handover decision and 

form/reform the VC list in terms of UE moving route, moving speed, resources in the macro cell, 

etc. Also, the core network needs to make planning for data synchronization to synchronous FAP 

in the VC for handover from serving FAP to synchronous FAP when the network backhaul is non-

ideal. 

 Shown in Figure (3-3), synchronous FAPs keep data synchronization with the serving FAP. 

We expect that UE go in synchronization FAPs with large opportunity in the next jiffy. 

With UE moving, the next serving FAP is selected from synchronous FAPs. In our case, 

we build a concept of borderless cells taking advantage of VC. Each UE only intelligences 

the measurements of FAPs in its personal VC to macro cell for VC update.  

 UEs broadcast message periodically: UEs broadcast their physical ID periodically, while 

FAPs monitors channel and computes the RSRP. FAPs associates with UE physical ID 

with RSRP as a key-value pair and inform the gateway. Note that, UEs can self-reliantly 
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choose their broadcasting periods giving to the frequency of serving FAPs. For example, 

UE can choose a short broadcasting period if they have altered their serving FAPs 

frequently.  

 VC forming process: The FAP gateway gets the report from FAPs and generates a table 

where a single UE is mapped to many FAPs. Next, the gateway governs the FAPs that form 

the VC agreeing to RSRP, load and interference, etc. All the FAPs in a VC, in which a UE 

fits, would not root interference to that UE by FFR based orthogonal resource distribution. 

By so doing, a UE can remove the strongest interference. Still, the size of VC should be 

sensibly considered as too many FAPs not only discard many of the resources, but also 

contain a lot of resource battles and too few FAPs may cause tough interference. 

 VC Synchronization FAPs selection, at next moment: Sync FAPs are designated when 

UEs are to be vacate from the serving FAPs. Precisely, synchronize FAPs would backup 

resources for the UE. Thus, when the UE enter sync FAP, the sync FAP can allow the 

service to that UE instantly. The collection of sync FAPs is of pronounced significance.  

As, too many sync FAPs are leftover, a significant quantity of resources and too small sync 

FAPs would decrease the hit rate, which is denoted as the probability that a UE enters the 

sync FAP in the next numerous ts (Time Slots). Therefore, it is predictable that a higher hit 

amount would end in a lower drop rate. Note that, the quantity of the sync FAPs for 

dissimilar UEs can be different. Also, UE trajectory forecast can be made such that the VC 

is located in advance before UE. 

 VC Resource Allocation: The gateway assigns all synchronization FAPs with the same 

RBs and user data are conveyed to all synchronization FAPs. Particularly, the gateway 

transfers all the RBs and scripts the RB that is not used by any FAP in the VC. The gateway 

gives the grade of RBs that can be used to user equipment and UE select one that has less 

interference. 

 VC serving FAP Selection: The serving FAP of a VC is the FAP that has toughest RSRP 

among synchronization FAPs. The serving FAP bears the services for the consistent UE of 

VC. 

 VC Reforming: When UE transfer to a new waypoint, the above-mentioned steps are 

conducted and a new VC is designed. If the new VC is different from the unique one, 

FAPs those are formerly belongs to the synchronization set but no longer belong to 
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synchronization set release the RB and newly added FAP would reserve the same RB. In 

some cases, the RBs are occupied such that the gateway should reallocate RBs.  

 

 

 
Figure (3-3) The VC list update process 

3.3.2 Handover decision 

As expected, the recurrent handover problems could become worse as the density of FAPs 

continue to increase. As a result, the traditional handover procedures are not appropriate for small 

cells. Like current systems, the handover decision in UDNs is expected to consider the RSRP, 

which comprises the channel gain averaged above all the reference symbols inside the 

measurement bandwidth. In our work, the cell collection criterion is macro assisted and is based 

on the RSRP from near cells. 

 

                              𝑂𝑃𝑇: max 𝑃 , 𝑃 , > 𝑃 , + 𝑂𝑓𝑓𝑠𝑒𝑡                                                    (3-4)       

The handover between two adjacent cells is executed once the criterion of handover is met 

during TTT time period. The distinctive parameters setting (example, TTT = 320ms, Offset = 3dB) 

is no longer valid in our scenario. Therefore, A3 Offset and TTT are two important parameters to 

be improved for low handover failure rate and ping-pong speed. For effective handovers in a VC, 

the TTT is a minor rate， for example, TTT = 10ms. Besides, the handover numbers and ping-

pong rate is tolerant using VC strategy.  
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From the overhead configuration, there is a new handover process specifying some of the 

control events. The figure displays the signaling conversation between the UE, macro cell and 

femtocells linked to measurements, and the assembly system for the U-plane while the macro cell 

upholds the C-plane. It also shows in what way a typical data transmission in the LTE U-plane can 

be rearranged via the femtocell. The macro cell also needs to formulate the best target cell for 

every UE and adjust the data transmission route from the source femtocell to target femtocell. The 

handover decision process is showed in the macro cell. In the handover making phase, the UE 

necessarily need to have already a RRC-connection through the macro base station in the C-plane 

with a data transmission base station in the U-plane. The macro cell then triggers handover 

command to UE, which contains the uplink synchronization and the resources block material of 

the optimal cell. Also, based on the UE moving path and measurements report, the macro cell will 

occasionally build and update the VC lists and perhaps, notify the cells in a VC of data 

communication synchronization through CN. Thus, the data transmission achieves low delay if a 

UE handover to extra cell in the VC.   

3.3.3 Mobility performance 

Following are some of the KPIs (Key performance indicators) for handover in VC. 

 

 Handover Failure Rate (HOFR) 

A handover is said to be failed if the handover process is triggerd and the Radio Link Failure 

(RLF) procedure occurs before receiving the handover command massege from the serving cell 

[17]. The handover failure rate is calculated as: 

                                           𝑯𝑶𝑭 𝑹𝒂𝒕𝒆 =  
𝑵𝑯𝑶𝑭

𝑵𝒕𝒐𝒕𝒂𝒍_𝑯𝑶_𝒂𝒕𝒕𝒆𝒎𝒑𝒕𝒔
                                                     (3-5) 

Where, 𝑁  indicates the total number of Handover failures,   𝑁 _ _  

represents total number of Handover attempts. 

 

 

 For Calculating the Throughput 

Based on the SINR calculated from equation (3-3), if the resource fraction 𝑅   of the totally 

available bandwidth W is allocated to 𝑈𝐸 , the achievable throughput of 𝑈𝐸  using 

Shannon formula is shown as  
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                 𝑪𝒊 =  𝑹𝒊𝑾𝒍𝒐𝒈𝟐(𝟏 + 𝑺𝒊𝒏𝑹𝒊)                                                                            (3-6) 

Where, 𝑅  is the resource fraction of a 𝑈𝐸 , W is the bandwidth allocated to 𝑈𝐸 . 

3.4 Possible Improvements of VC based 5G UCN 

Possible innovations of VC based 5G UCN networks are as follow: 

 VC will change network architecture from cell-centered to UCN (User-Centric Network). 

 Regarding to mobility which is our main issue, VC will not be change for that connected 

UE (User Equipment). Dynamic change will occur in connected FAP with minimum delay 

but VC will remain same. This will provide smooth mobility. 

 It will ensure seamless coverage and enable fast uploading and downloading of UHD 

videos.  

3.5 VC based UDN VS Traditional Solutions 

In previous sections we have thoroughly discussed about VC design based on UCN. Now 

we are comparing it with traditional solutions. How it is better than traditional solutions? 

In the first part of this chapter, the problems in traditional cellular network especially 

mobility management are highlighted, on which we are working, and why current cellular network 

architecture is not suitable for 5G UDN? After that, thorough discussion about the VC 

forming/reforming scheme is presented. As a consideration of one of the main part of future 

technology, a VC based on UCN is compared with LTE system. As a result, FAP which is built 

around UE will remain same and dynamically move with UE movement. Meanwhile, using VC 

mobility will be enhanced.  
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Chapter 4 Simulation and Results 

In this chapter, we will describe results that we have successfully generated. 

4.2 Simulation Parameters  

We have simulated our result by using parameters shown in Table (4-1). We used the same 

frequency for both MBS and VC. By deliberation of UDN, we have shaped a highly dense scenario 

by deploying 2000 FAPs/Km  within the coverage area of one MBS. Other parameter settings are 

as follows: 

Table (4-1): Basic parameters of our Simulation work 

 

 

By applying these parameters setting in Vienna LTE System-Level Simulator, it generates 

the main simulation layout as shown in Figure (4-1). Here, red circle with three legs and one leg 

indicate the MBS and FAP respectively. As FAPs are extremely dense deployed within the 

coverage area of MBS. Dots in with three lines represented the eNodeB, dots with one line 

represents FAP and the dots in blue colors are represented as active UEs either connected with 

MBS or FAPs. 

Parameters Values Unit 

Operating frequency 2100 MHz 

Bandwidth 20 MHz 

Femto Density 2000 Cells/Km2 

UE Speed 3, 15 Km/h 

FAP Transmit Power 20 mW 

UE Antenna Height 1.5 M 

Variance of white Gaussian noise -174 dBm/Hz 

TTT 0, 3, 320 Ms 

A3 Offset        0 , 1, 3 dB 

𝑄  dB -6 

𝑄  dB -8 

Area of Simulation m2 500*500 
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Figure (4-1): Simulation layout 

4.3 Mobility Performance Results in VC 

Below is our successful achieved simulation result for based UCN.  

4.3.1 Handover based on VC vs. LTE 

Our simulation results show that with different parameter settings (TTT, offset), the 

handover failure (HOF) of VC scheme decreased as compared the LTE system. 

 

 

Figure (4-2): Comparison results of Handover based on LTE and VC 
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4.2 Chapter Summary 

            At first part of this chapter, we introduced Vienna LTE SL Simulator. After that we 

discuss about our simulated results using VC base on mobility for UDN and compare it 

with LTE system approach. Hence, we accomplished our desire results  with different 

parameter settings (TTT, offset), the handover failure (HOF) of VC scheme decreased as 

compared the LTE system. 
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Chapter 5 Conclusion and Future Work 

In this chapter, a brief summary of what has been testified in our dissertation will be 

presented. Also discussions on the extension that future analysis can add in order to improve on 

what has been done in this dissertation will also be highlighted. 

5.1 Conclusion 

In this dissertation, we deliberated UDN as a key technology for upcoming 5G cellular 

network, in which VC will be hyper densely deployed centered on the analysis of its structures and 

typical scenarios;  

First, we carefully discussed on why current technology will not meet the future mandates 

for 5G cellular network users.  Second, we examine the anticipated problems owing to hyper 

densely deployment of BSs inside the coverage zone of MBS. As interference, mobility and extra 

handovers are the immense issues in presently LTE HetNet and is going increase more in imminent 

UDN. As BSs will be deployed very close or overlap from neighboring nodes. It will not merely 

cause more multifaceted interference due to same frequency in adjacent BSs. Also, more and more 

extra handovers will happen from MBS to MBS whenever UE is on the go.  

Third and most important, we compared the Virtual Cell (VC) based on UCN for 5G 

technology. Instead of the CC (Cell Centric) based traditional cellular network. We use Virtual 

Cell (VC) forming/reforming selection scheme to compare with the LTE system by selecting the 

best candidate cells to form a VC which is optimized in terms of user’s moving trajectory and 

RSRP to provide fast handover which offers dynamic, flexible and user centric networking in 

UDN. Hence, UE will continuously feel like a network is endlessly moving with him rather UE is 

moving with the network as it is in current cellular network. More so, by applying VC on mobility 

based UDN; positive results were achieved with decrease in HOF 

5.2 Future Work 

As we have specified a VC design for mobility enhancement in the future 5G UUDN. Still 

much more work needs to be investigated about VC due to an open problem. Therefore, we should 

carry on our research work on VC in upcoming also. 
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 Need to examine the optimal value of VC size for best application of resources in SE and 

EE. 

 As VC is a future 5G technology consideration, we also need to investigate on the backhaul 

of VC for 5G.  

 Investigating on VC by joining it with one of state of art technologies like D2D and SDN 

to well-matched it for future 5G technology. 
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Appendices 
  

List of Acronyms and Abbreviations 

 

1G First Generation 

2G Second Generation 

3G Third Generation 

4G Fourth Generation 

5G Fifth Generation 

3GPP 3rd Generation Partner Project 

µC Micro Cell 

ADSL Asymmetric Digital Subscriber Line 

C/U  Control/User Plane 

CC Cell-Centric  

CCR Cell Centric Region 

CU Control Unit 

CCU Cell Centric Users 

CEU Cell Edge User 

CM Closed Mode 

COMP Coordinated Multipoint 

COR Cell Outer Region 

CAPEX Capital Expenditure 

CQI Channel Quality Indication 

CSG Closed Subscriber Group 

             D2D Device to Device 

eICIC Enhanced Inter-Cell Interference Coordination  

eNB Evolved NodeB 

EPC Evolved Packet Core 

EUTRAN Evolved UMTS Terrestrial Radio Access Network 

FAP Femto Access Point  

FDMA Frequency Division Multiple Access 
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FR Frequency Reuse 

GPRS General Packet Radio Services 

GSM Global System for Mobile Communications 

HD High Definition 

HeNB Home Enhanced Node B 

HeNB-GW Home Evolved NodeB Gateway 

HetNet Heterogeneous Network 

HM Hybrid Mode 

HOF Handover Failure 

HOFR Handover Failure Rate  

ICIC Inter-cell Interference Coordination  

ICT Information and Communications Technologies 

IMT-U International Mobile Telecommunication-Union 

IoT Internet of Things 

IP Internet Protocol 

ISD Inter-Site Distance 

ISP Internet Service Provider 

LPN Low Powered Nodes  

LTE Long Term Evolution 

LTE-A  Long Term Evolution-Advanced 

MBS Macro Base Station 

MC Micro Cell 

MIMO Multiple Input Multiple Output 

MME Mobility Management Entity 

mmWave Millimeter Wave Technologies 

MRN Mobile Relay Nodes 

OM Open Mode 

OPEX Operational Expenditure 

PC Pico Cell  

PMD Probability of Missed Discovery  

PP Ping-Pong 
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QoE Quality of Experience 

QoS Quality of Service 

RAN Radio Access Network 

RAT Radio Access Technology 

RRC Radio Resource Control 

RRH Remote Radio Head 

RLF Radio Link Frequency 

RSRP Reference Signal Receiving Power 

RX/TX Receive/Trans 

SC Small Cells  

SCFDMA Single-carrier FDMA 

SE Spectrum Efficiency 

SG Serving Gateway 

SINR Signal to Interference and Noise Ratio 

SISO Single Input Single Output 

SL System Level 

SMS Short Messaging Service 

SON Self-Organizing Network  

TDMA Time Division Multiple Access 

TTT Time to Trigger 

UC User Centric 

UCN User Centric Network 

UUDN User-centric Ultra Dense Network 

UDN Ultra Dense Network 

UE User Equipment 

UMTS Universal Mobile Telecommunications System 

VC Virtual Cells 

WCDMA Wide Code Division Multiple Access 

Wimax Worldwide Interoperability for Microwave Access 
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