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Abstract— Far from the traditional Internet in which audio and 
visual senses can be transferred, the Tactile Internet will 
introduce a way for transferring touch and actuation in real time 
form.  However, the fifth generation of the mobile cellular system 
(5G) will be a great support for realizing Tactile Internet, the 
1 ms round-trip-delay still a great challenge in the way of the 
Tactile Internet realization. Mobile edge computing (MEC) is a 
solution introduced to reduce the round trip latency and provide 
a way for offloading computation from the cellular network.  
  In this paper we introduce a novel approach toward a multi-
level cloud based cellular system, in which the small cells are 
connected with micro-cloud units with small capabilities to 
present the edge computing facilities. The micro-clouds are 
connected to mini-cloud units which have greater capabilities. 
The core network cloud connects the mini-clouds in the whole 
system. Introducing more levels of clouding reduces the round 
trip latency and the network congestion.  

Keywords— Tactile Internet, Cloud, 5G, Mobile edge 
computing, Latency.  

I. INTRODUCTION 

By 2020 it is expected to begin a new era of mobile 
communication system with great and efficient capabilities by 
announcing the fifth generation of mobile communication 
systems (5G).  Currently the research and industry groups are 
discussing the (5G) and trying to overcome the challenges 
related to 5G system realisation. Further details of the 
supposed 5G system structure can be founded in [1]. 

 Like voice and data communications, touch and actuation 
can also be communicated in real-time form by the means of 
the Tactile Internet. Haptic communications will be the main 
application running over the Tactile Internet [2]. The term 
Tactile Internet originated in 2014 by G. P. Fettweis, who 
announced that the Tactile Internet will change the human 
communications around the world [3]. Tactile Internet builds a 
real time interactive system between the human and the 
machine and introduces a new evolution in human-machine 
(H2M) communication. Tactile Internet will enable transfer 
physical habits remotely and thus introduces a new paradigm 
shift to the skill based networks instead of content based 
networks [4]. Surely, such concepts as Internet of Things 
(IoT) and 5G mobile networks now attract a lot of research 
and practice attention [5], but Tactile Internet can be 
considered as a development or extension of these concepts. A 
good comparison of the Tactile Internet to IoT and 5G mobile 

networks with the main common, differences and intersections 
is well introduced in [6]. 

Tactile Internet is expected to make a revolution in the 
communication industry because of its massive impact on 
human life. It is a new era of communication that achieves a 
real-time communication between the human and the 
machine. Tactile Internet will have great applications in the 
fields like Health care including remote surgery, industrial 
automation, gaming, and education. Virtual and Augmented 
Reality is also one of the most promising area [8], and Tactile 
Internet can complement it with new possibilities. Further 
details of Tactile Internet applications and services are 
discussed in [9], [10]. 

System architecture: The full construction of the Tactile 
Internet can be divided into three main parts: the master part, 
the network part, and the slave part. The master part includes 
the human or the operator and the Haptic device (master 
robot). The master robot represents the human interface 
system that by means of some coding techniques can 
translates the human input into Haptic input. This enables the 
user to touch, feel, and control objects in remote 
environments. Using the master robot, the operator can control 
the slave part of the network and hence the remote objects in 
the environment connected to the slave. The middle part is the 
network domain which provides the communication medium 
between the master and slave parts. The final part is the slave 
part which is a slave robot controlled by the master robot 
through the command signals transferred through the 
communication network [4]. Figure 1 shows a simplification 
of the three parts of Tactile Internet. Here we are concerned 
with the network part and the fastest way to send data between 
the master and the slave parts.  

Figure 1. The main structure of the Tactile Internet system 

Network part Master part Slave part 
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Challenges: Tactile Internet has many issues and design 
aspects. We can summarise these requirements in the 
following [3], [4]: 

- Ultra-low latency on the order of 1 ms (1 ms round 
trip latency), 

- High availability, 
- High carrier grade reliability, 
- High security, 
- Integration with the existing forms of 

communications, and 
- Challenges with the degrees of freedom (DoF) of the 

exciting Haptic devices. 
 
Latency. The most important challenge in realising Tactile 

Internet is the latency requirement. In order to obtain a real 
time haptic communication and interaction, the end-to-end 
system latency must be less than the human reaction time. 
Tactile Internet requires an end-to-end latency of 
1 millisecond; this includes all delays from the source to the 
destination. The 1 ms latency also includes the processing 
delay through the transmitter and receiver infrastructure 
hardware.  In the exciting cellular system 4G the latency is in 
order of 20 ms, however a key requirement of the future 
cellular system generation 5G is to support an end-to-end 
system latency of 1 ms [8].   

 
Tactile Internet will have a great impact on the society by 

introducing critical applications and thus high reliability and 
high system availability is required.   Another requirement of 
the Tactile Internet is to introduce a very secure system 
immune to attackers with low time latency in coding process. 

In this paper, we introduce a multilevel hierarchical cloud 
based system for reducing latency and realise the tactile 
Internet. In (Sec. II) the mobile edge computing and the recent 
progress in employing clouds at the edge of the cellular 
networks is discussed. In (Sec. III) multilevel system 
architecture is proposed.     

II. RELATED WORKS 

Far from the traditional Internet in which audio and visual 
senses can be transferred, the Tactile Internet will introduce a 
way for transferring touch and actuation in real time form.  
However, the fifth generation of the mobile cellular system 
(5G) will be a great support for realising Tactile Internet, the 
1 ms round-trip-delay still a great challenge in the way of the 
Tactile Internet realisation. Mobile edge computing (MEC) is 
a solution introduced to reduce the round trip latency and 
provide a way for offloading computation from the cellular 
network.  

 
Mobile edge computing (MEC) is a new trend established 

by the cellular network operators to improve the whole 
network efficiency by offloading its operations to nearby 
clouds.  European Telecommunications Standards Institute 
(ETSI) is one of the main organisations concerned with the 
MEC [11]. ETSI announced an Industry Specification Group 
(ISG) known as MEC to research and standardise the new 

technology. Simply MEC can be defined as the way of 
moving cloud computing capabilities to the edge of the mobile 
networks. Moving cloud computing to the edge of the mobile 
produces a lot of benefits that can be summarised in the 
following points [12]:  

1- reduces the round trip latency of communicated data, 
2- provide an efficient way for offloading data delivered to 

the core network, 
3- provides high bandwidth, 
4- introduces new services and applications by accessing the 

network context information, and 
5- introduces new services and applications by accessing the 

network context information, 
 
Moving from the great, massive and expensive data centers 

into small distributed cloud units based on a small hardware 
platform will open the way for achieving the required latency 
constraint for tactile realisation.  The suggested architecture of 
the Tactile Internet is based on reducing round trip latency by 
moving cloud to the edge of the mobile network. Only one or 
two communication hops away from the mobile will be 
efficient to achieve the 1 ms latency. Generally, Tactile 
Internet can be viewed as a mobile user, cloud unit, core 
mobile network, current Internet and remote cloud. Searching 
for the best place for the introduced cloud unit, researchers go 
different ways. Based on the ETSI report of MEC, there are 
multiple scenarios for the place of employment of the cloud 
computing units. There are multiple locations for the MEC 
servers such as [11]: 

1- Cloud servers are connected to the LTE macro base-
station (eNB). 

2- Cloud unit may be placed in the 3G/4G radio network 
controller (RNC).  

3- Cloud unit may be connected to multiple sites (multiple 
eNB). 

4- Cloud unit may be at the edge of the core network. 
 
There are a lot of researches for introducing small cloud 

units that can be employed in the mobile networks. Some uses 
the term cloudlet to refer to any secondary and small cloud 
units.  Small cloud units are such as   Nebula [13] and Wang 
et al.’s micro clouds [14].  

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Figure 2. Multilevel cloud based Tactile Internet system. 
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Also, the fog computing paradigm announced by Cisco has 
been extended to the edge of the wireless networks and can be 
employed in the cellular networks [15]. Another introduced 
system that employs cloudlets with each eNB in the cellular 
network is the green cloud network introduced in [16].  

The green cloud system is heterogeneous which means that 
in some areas each eNB is connected to a cloudlet and in rural 
areas a cloudlet may serve a group of eNBs. This is based on 
the cell density. 

Clearly, cloud computing, network function virtualisation 
(NFV) and software defined networks (SDN) are the main 
bases to build the 5G and Tactile Internet system. Based on 
the later concept, Nokia has announced some cloud solutions 
that can be integrated and employed in the mobile networks to 
achieve the requirements of the Tactile Internet. Two of the 
most common recent solutions are NetAct Cloud and the 
Telco-Cloud [17]. Based on Nokia solutions mobile operators 
can employ a base station with a cloud unit.  

III. PROPOSED SYSTEM 

Our vision is to introduce a novel approach toward a multi-
level cloud based cellular system, in which the small cellular 
cells are connected to micro-cloud units with small 
capabilities to present the edge computing facilities. These 
micro-clouds are connected to mini-cloud units which have 
greater capabilities. The core network cloud connects the 
mini-clouds in the whole system. The proposed system 
reduces the round-trip latency and the network congestion, 
and increases the flexibility and the availability. 

A. System architecture 

Our system consists of four levels of clouds connected 
through a very high speed cables fiber. This deployment of 
fiber forms fiber wireless (FIWI) communication system, 
which is the main feature of the future 5G system [18]. The 
first level of the cloud hierarchy consists of a small data 
centers (micro-clouds). Each cell in the mobile network has a 
micro-cloud connected to its base station. Therefore, each 
eNB is connected through fiber with micro-cloud unit with 
restricted capabilities. The distance between the UE and the 
nearby cloud is only one wireless communication hop. This 
typically achieves a lot of benefits [19] [16]: 

1. reduce data latency, 
2. provide the offload way for the UE work load, 
3. reduces congestion in the network, 
4. increase the system availability, 
5. access to the network parameters and thus provides  new 

services, and 
6. increase security as the applications are excited inside the 

network. 
 

The first level of cloud units is homogeneous which means 
that every eNB is connected to a micro-cloud. However 
heterogeneous types of cells may be employed. Areas with 
high density of UEs can be served by picocells and femtocells. 
The micro-cloud can handle the mobile tasks directly, 
however if it cannot due to the hardware constraints or the 

capacity limitations of the micro cloud, it sends the request to 
the second level cloud units.  

 
The second level of the cloud hierarchy consists of larger 

data centers know as mini-clouds. Each mini-cloud unit is 
connected to a few micro-clouds through a very high speed 
fiber.  

The mini-cloud controls and communicates the connected 
micro-clouds. Mini-clouds have more processing and storage 
capabilities than mini-clouds. The second level of computing 
is heterogeneous, which means that the number of the 
connected micro-clouds to the mini-cloud is not equal. The 
number of connected micro-clouds to a mini-cloud differs 
based on the density of users and the nature of the expected 
commonly required services. This number is a design 
parameter and need to be optimised to reduce the cost of using 
much mini-cloud. 

  
 The third level of the hierarchy represents the cloud unit 

employed in the core of the network. The core network cloud 
is connected to all mini-clouds in the network through a very 
high speed fiber connection. It has a higher capabilities and 
storage the mini-clouds and can control them. It also 
represents the gateway to the Internet and hence the remote 
public clouds (e.g., Microsoft Azure, Amazon Elastic 
Compute Cloud (EC2) and Google AppEngine). These remote 
big data centers represent the final level of the hierarchy. Fig.2 
illustrates the structure of the proposed system. 

 

B. System comparison 

In order to illustrate the benefits of introducing new level of 
cloud units (mini-clouds), we will consider two scenarios. The 
first scenario is employing only three levels of cloud units. 
The first level is cloudlets connected to each eNB in the 
mobile network. These cloudlets are connected to the cloud 
unit in the core network. Here there are no mid-cloud levels 
between the core network and the cloudlets. This system is 
suggested by number of researchers and they figured out that 
the main problem with this system is the increased traffic load 
at the core network. In fig.3.a if UE1 roams from the coverage 
area of eNB2 to the coverage area of eNB1, the core network 
must be involved in the communication path. This process and 
similar ones increase the traffic load and congestion in the 
core network.  

To reduce these undesirable effects, we consider the second 
scenario which represents our system. In fig.3.b if UE1 roams 
from eNB2 to eNB1's coverage area, the process will be 
handled through the mini-cloud unit and the core network will 
disappear from the communication path. The previous 
scenario is true only if the micro-cloud 1 and micro-cloud2 are 
connected to the mini-cloud A.  

 We can summarise the benefits of introducing new level of 
clouds between the core networks and the mini-clouds in the 
following points: 

1. Reduce the round-trip latency by reducing the 
communication path. There is no need to communicate 
with the core network if the micro-cloud doesn't handle 
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your request. Mini-cloud can handle these requests 
instead of sending to the core network, 

2. reduce the network congestion, 
3. reduce the traffic load in the core network, 
4. control the micro-clouds operations and represents a spare 

in case of breakdown, and 
5. control the hand off process across the mini-clouds, which 

was one of the great problems with the cloudlets [20]. 
 

    The data offloaded from the user to the cloud-level is 
passed by three delays, the up and down link communication 
delay, the propagation delay and the processing delay. The 
total up and down link delays (Tup , Tdow) can be calculated 
based on the data rate from the following equations [20]: ௨ܶ௣- = (1 + ܷி)(ܦ௎ ⁄௎ܤ ) ௗܶ௢௪- = (1 + ௗܦ)(ிܦ ⁄ௗܤ ) 
The parameters used in the previous and following equations 
are defined in table 1. The propagation delay Tprop is a 
function of the communication distance and can be calculated 
as [20]: ௣ܶ௥௢௣- = ௖௟௢௨ௗܦ) ⁄௉ܥ ) 
The final delay is the processing delay. This delay is based on 
the number of executed instructions and the processor speed 
of the cloud unit. The processing delay Tpross is calculated 
from the following equation [20]: ௣ܶ௥௢௦௦- = ( ூܰ ⁄௖௟௢௨ௗܥ ) 
 
    Summing up, we can calculate the total latency by adding 
the three delay times. Therefore, the total delay in offloading a 
data to a cloud unit Ttotal is calculated as the following [20]. ௧ܶ௢௧௔௟ = ( ௨ܶ௣ + ௗܶ௢௪) + ௣ܶ௥௢௣ + ௣ܶ௥௢௦௦ ௧ܶ௢௧௔௟ = ሾ(1 + ܷி)(ܦ௎ ⁄௎ܤ ) + (1 + ௗܦ)(ிܦ ⁄ௗܤ )ሿ+ ௖௟௢௨ௗܦ) ⁄௉ܥ ) + ( ூܰ ⁄௖௟௢௨ௗܥ ) 
Based on the last equation the total delay depends on the 
communication distance. Thus, in the case of micro-cloud the 
delay is less than the delay introduced in sending to the core 
network. 

Table 1. Parameters of the round trip delay. 
Parameter  Definition  
UF Uplink failure rate. 
DF Downlink failure rate. 
Du Total number of transmitted bits in uplink. 
Dd Total number of transmitted bits in downlink. 
Bu Data rate of uplink signal.  
Bd Data rate of downlink signal. 
Dcloud Distance between the mobile user and the cloud unit. 
Cp Propagation speed. 
Ccloud Cloud processor speed. 
NI Number of executed instructions. 

IV. SIMULATION AND RESULTS  

 
In this section, we analyse the proposed strategy in a 

simulation environment. Many simulation environments have 
been developed to deploy micro-cloud environment with 
different capabilities. These environments consist of virtual 
machines (VM), remote procedure execution and web services 
[19], [22].  We select one of the most efficient and reliable 
environment to run our experiment [23]. CloudAnalyst is 

inherited from the cloudsim framework. It is extended to 
introduce more features and tools [24]. 

As shown in fig.4, we build a system consists of five data 
centers with different sizes and capabilities. Two of them are 
micro-clouds in two different coverage regions with limited 
capabilities. Two mini-clouds in two different regions 
represents the second level of cloud units with higher 
capabilities than of level one (micro-clouds). The final level of 
clustering represents the core network cloud with very high 
capabilities. 

In order to evaluate the proposed system performance, we 
perform the experiment three times. Each time represents one 
of the following cases: 

 
Case (1): 
In this case the micro-cloud is capable of handling the UE. 

Thus, the first level of clouding handles the requests without 
the need for sending to higher levels. The performance of the 
system in this case is illustrated in fig.5.  

Case (2):  
In this case the micro-cloud is not capable of handling the 

UE. Therefore, the request is sent to the mini-clouds. The 
performance of the system in this case is illustrated in fig.6. 

 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 (b) 
Figure 3. (a)Roaming from eNB2 to eNB1 through the core network. (b) 

Roaming from eNB2 to eNB1 through the mini-cloud A. 
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Figure 4. System data centers configuration. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Simulation results for case (1). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Simulation results for case (2). 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

Figure 7. Simulation results for case (3). 
 

Case (3): 
In this case we assume a big task and the first and second 

level of clouds cannot handle UE. Thus, the request is sent to 
the core of the network. The performance of the system in this 
case is illustrated in fig.7. 

From the results of the simulation and as cleared from fig.5, 
6and7, the time delay in the first case is the minimum. In the 
second case the delay is less than in the third case, which 
means that introducing mini-clouds in the way between micro-
clouds and core-cloud decreases the communication delay. 
The only disadvantage with the new level of clouds is the cost.  

V. CONCLUSIONS 

 
We can reduce the round-trip delay in the mobile network 

by applying multilevel hierarchical of cloud units.  
Introducing a new level of cloud units with higher capabilities 
in the way between core network and eNB's cloud unit (micro-
cloud) reduces the communication latency. There is a trade-off 
between employing mini-clouds and their cost. Thus, it is 
required to optimise the number of mini-clouds employed in 
the network and the number of micro-clouds connected to a 
mini-cloud. This will be an efficient way in resolving the 1ms 
round-trip challenge of Tactile Internet.  

FUTURE WORK 

Our future vision is to optimise the number and location of 
mini-clouds to achieve the best efficiency. 
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