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Abstract— There is no doubt that the release of the fifth 
generation of the mobile cellular system (5G) becomes a great 
demand year by year, especially with the massive increase of 
heterogeneous Wireless devices. The 5G network will be a 
platform for wide variety of industries.  Designing of 5G cellular 
system faces various challenges related to the capacity and 
traffic. One way to solve these challenges is to employ device –to-
device (D2D) communication and mobile edge computing (MEC). 
Employing these technologies offload the core network and 
increase the capacity of the system. In this work, we propose a 
frame work for the 5G cellular system based on D2D 
communication and multi-level cloud units employed at the edge 
of the cellular network. The system employs four levels of cloud 
units with various hardware capabilities. The D2D 
communication is used as the communication technology in the 
first level of clouds. Employing D2D together with multi-level 
edge cloud units achieves varies benefits to the system as the 
system level simulation provides.   
Keywords— 5G, D2D, Offloading, Mobile edge computing, 
Latency, Traffic.   

I. INTRODUCTION 
With the massive increase of heterogeneous wireless 

devices (e.g. smart phones, MTC devices and wearable 
devices), connectivity and traffic volume become a design 
challenge for the 5G cellular system. It is expected that the 
data traffic in 2020 will be 200 times much higher than that in 
2010, and for 2030 data traffic will be 20,000 times higher 
than that of 2010 [1]. One of the main design goals of the 5G 
cellular system is to achieve a data rate up to ten Gbps [2]. 
Moreover, 5G cellular system is required to achieve high 
throughput, ultra-low latency, high reliability, high 
connectivity and high mobility [3].  

To overcome the traffic load problem and the connectivity 
problem; and to achieve the expected data rate with ultra low 
latency, 5G cellular system should employ new technologies 
at various locations of the network. Some technologies should 
be employed at the core network such as the software defined 
networking (SDN) and network function virtualization (NFV) 
[4], [5]. Other technologies are employed at the edge of the 
network to offload the core network and also to provide a low 
latency. These technologies are like MEC and D2D 
communication [6], [7]. 

 
MEC is a recent technology that moves IT and cloud 

computing capabilities at the edge of the cellular network 

within the Radio Access Network (RAN). MEC provides 
cloud computing near to users, approximately one hop away 
[8]. Employing MEC means, moving from centralized huge 
data centers to a distributed small data centers with limited 
capabilities compared to the centralized units. This can 
achieve the various benefits [9]. 

Mobile cloud computing is also an important trend in cloud 
computing, that moves the computing to the mobile device. 
The main goal of mobile cloud computing is to offer the 
execution of mobile application with the user experience [10].   
Mobile cloud computing can be classified based on the service 
model into four types mobile as a service consumer (MaaSC), 
mobile as a service provider (MaaSP), mobile as a service 
broker (MaaSB) and mobile as a service representer (MaaSR) 
[11]. Each user in the cellular cell can be viewed as a type of 
the four types. In MaaSC, the mobile doesn’t handle any tasks 
and use the computation and storage from the cloud or other 
devices. This type is the most common one.  If the device has 
the ability to share a part of its processing and storage 
hardware, the mobile belongs to the MaaSP type. An example 
of this type is a mobile device collects data with its embedded 
sensors (e.g. camera, GPS) and shares these data with other 
devices. MaaSB type acts as MaaSP with the ability of 
networking and forwarding. This means that the devices in 
MaaSB can act as a gateway to other devices [12].  

In the other hand, D2D communication is also an enabling 
technology for the 5G cellular system [13]. D2D 
communication technology refers to the direct communication 
between proximate wireless devices over a licensed or 
unlicensed spectrum (e.g. WiFi-Direct, Bluetooth) without 
relaying traffic to the base station (BS) [14]. The BS may 
assist and control the D2D communication or stay away based 
on the operated mode of D2D communication, various modes 
of D2D communications are discussed in [15].   

Based on the Wi-Fi alliance watch report [16], the number 
of the certified wireless devices support D2D communication 
in 2017 is 4 million and in 2018 is predicted to reach to 10 
million. This pushes the designers of the next generation 
cellular system to use the D2D as an enabling technology [17].  
Employing D2D communication in cellular cell achieves 
higher throughput, increase the cell coverage, reduces traffic 
congestion and achieves higher spectral efficiency [18]. Thus, 
D2D communication presents a flexible efficient paradigm for 
5G cellular system. 
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In this paper, we introduce a framework for 5G cellular 
system based on multi-level hierarchical cloud units and D2D 
communication. In (Sec. II) the related works to the proposed 
work is discussed. In (Sec. III) the framework is presented. In 
(Sec. IV) the simulation results are presented.       

II. RELATED WORKS 
Recently, the research in the area of edge computing and 

D2D communications as a part of future 5G cellular system 
becomes more attractive. Both technologies offload the core 
network and reduce the network congestion. D2D 
communication increases the system coverage by enabling 
uncovered devices to relay their data through other covered 
devices. There are a lot of literatures in both technologies but 
separately and little works discus the employment of both 
technologies together in 5G system [19], [20]. We provide a 
brief description for the most related works to our proposed 
work. 

In [21] authors provide a framework for internet of things 
(IoT) based on D2D communication. The work is based on a 
forwarding scheme used when an IoT device become in the 
coverage of neighbouring cellular edge nodes. IoT device can 
then use the D2D communication to communicate with the 
edge neighbouring cellular nodes. Authors, prove that using 
D2D communication in this way achieves better latency 
efficiency, reduces the traffic load through the network and 
improves the cooperation of IoT devices at the network edge. 

In [11] authors provide a network assisted architecture for 
the long term evolution (LTE) cellular system based on 
hierarchical clouds. The main idea behind this work is to build 
a mobile dynamic clouds using either licensed or unlicensed 
D2D communication.  The system improves the channel 
utilization and offloads traffic for the LTE system. 

 
In [9] we present a frame work for the Tactile Internet 

based on the multi-level edge clouds. The system employs a 
small data centers at the edge of the network connected to 
each BS and referred as Micro-cloud unit. Each group of 
Micro-cloud units is connected to a large data center with 
higher processing and storage capabilities marked as Mini-
cloud unit. The core network employs a huge central cloud 
unit with powerful hardware capabilities. All Mini-cloud units 
are connected through a fiber network with the core network 
cloud.  The system achieves high performance in terms of 
round trip latency. 

III. PROPOSED SYSTEM 
Employing D2D communication together with the MEC 

achieves various benefits to the cellular system. We present a 
frame work for the 5G cellular system based on D2D 
communication and Multi-level cloud units at the edge of the 
network. In this section, we discuss the proposed structure. 

Table 1. System devices. 
parameter Definition 
OD Ordinary Device 
SD Sensing Device 
MD Master Device 
GD Gateway Device 

The proposed system consists of four main parts from the 
cloud computing point of view, based on the computing 
capabilities of the network parts in comparable to the required 
task. Figure1 illustrates the proposed system structure. Table 1 
point out all abbreviations used. 

A. Part one: Cloutlet Tire 
GDs with MDs represent the cloudlet tire. Figure 2 

illustrates such example for the structure of the cell under this 
tire. GD is a wireless device with a powerful hardware capable 
of providing some computing processes, networking and data 
forwarding to other wireless devices. An example of a GD is a 
mobile device with a powerful hardware that can employ its 
sensors to collect data from the surrounding environment 
(even social or natural). This device can process and analyze 
the collected data and share with the ODs. Also, GD can use 
its storage units to handle data for ODs and SDs. If the GD 
device receives tasks higher than its capabilities (e.g. can’t 
perform a task), the GD forwards these undelivered tasks to a 
MD that has higher capabilities. 

MD is a wireless device with extremely powerful hardware 
capable of processing tasks that can’t be handled by the GD. 
A wireless device; capable of supporting most of available air 
interfaces, has a powerful multi-core processor, with a wide 
storage unit and latest reliable software can be employed as a 
MD. 

MD can handle different tasks for GDs, ODs and SDs. If 
the received tasks are higher than the capabilities of the MD 
and required more powerful processing or storage, MD 
forwards these tasks to the Micro-cloud unit at the base station 
(BS). 

Figure 3 illustrates an example of a structure with 
heterogeneous devices and services. Device A acts as an 
ordinary device which require a multimedia task, device B and 
C are also ODs which ask for services from the GD D.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. System structure in terms of cloud units.  
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The GD D can handle tasks for ODs B and C, but the 
multimedia task of OD A can’t be handled due to hardware 
limitations of device D. In order to handle this task, device D 
forwards the task to the MD G which can perform it 

B. Part two: Micro-cloud Tire 
We built a multi-level cloud system in [9], [22] based on 

Micro-cloud and Mini-cloud units. Here, we use them with the 
cloud let level.  Each eNB is connected to a cloud unit serves 
for a cellular cell, and the cloud unit will be a Micro or a 
Mini- cloud unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Cell example under Cloudlet tire.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Service handling in Cloudlet tire.  

The 5G system will employ heterogeneous types of cellular 
cells, thus cells with predictable high density of users employ 
Mini-cloud unit and the less density employ Micro-cloud unit. 
Each group of Micro-cloud units is connected directly with a 
Mini-cloud unit. 

A Micro-cloud unit is a small data centers with limited 
processing and storage capabilities connected to the eNB 
through a very high speed fiber cables. Micro-cloud unit 
receive and process tasks from MDs. Tasks delivered to MDs 
that need higher processing or storage capabilities than that of 
MDs are forwarded to the Micro-cloud unit connected to the 
eNB that serve for the cell. Moreover, MDs forward their own 
task to Micro-cloud unit at the eNB. Micro-cloud unit 
provides an offloading way for user workload and thus reduce 
the load and congestion in the core network 

In fig.3 device G is a MD and can’t handle the multimedia 
task for the device F. Thus, device G forward the task to the 
Micro-cloud unit connected to the eNB. Moreover, device G 
moves its own task to the Micro-cloud unit.  . 

C. Part three: Mini-cloud Tire 
Mini-cloud unit has higher processing and storage 

capabilities than Micro-cloud unit. It also serves for a cell as 
Micro-cloud unit. Mini-cloud unit consists of powerful data 
centers that can serve, monitor and control the connected 
Micro-cloud units. All information about the connection of 
Micro-cloud units to Mini-cloud unit and their numbers are 
discussed in [22]. 

Tasks that can’t be processed by a Micro-cloud unit are 
forwarded to the Mini-cloud unit that connected to it. This is 
because the higher capabilities of Mini-cloud units compared 
to Micro-cloud units. Without the existence of Mini-cloud 
unit, the unperformed tasks at Micro-cloud units would be 
shifted far to the main central clouds passing through the core 
network. This will increase the overall delay for handling the 
task, overload the core network with extra traffic and increase 
the congestion of the network. Thus, presenting Mini-cloud 
unit in the way between Micro-cloud units and main central 
cloud units is helpful in terms of latency and offloading. 

D. Part Four: Main cloud Tire 
All Mini-cloud units are connected to the main central 

cloud unit employed at the core network through very high 
speed fiber connections. This main cloud unit acts as the 
gateway to the Internet public clouds (e.g., Microsoft Azure, 
Amazon Elastic Compute Cloud (EC2) and Google 
AppEngine). Mini-cloud unit is a group of powerful very high 
speed data centers. The main function of this tire is to act as a 
gateway and another function is to process and handle the 
received tasks that can’t be handled by Mini-cloud units 
(either by process or forward to the public clouds).   

Finally, we should point out the overall benefits achieved 
by the proposed system structure. Employing D2D 
communication technology together with the multi-level of 
cloud units provides variety of added values to the 5G cellular 
system. These benefits can be summarized in the following 
points: 
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1- The system structure provides an offloading way for 
the core of the cellular network. This can be achieved 
by D2D communication which can perform tasks 
without the involvement of the cellular network. Also 
multi-level clouds provide another way of offloading 
as they handle tasks as much as possible far from the 
core network. Thus, D2D together with multi-level 
clouds reduce the traffic load in the core network.  

2- Reduction of round trip latency, as the communication 
distance is reduced either by D2D communication or 
multi-level clouds. 

3- Reduction of network congestion, 
4- Achieving higher throughput, 
5- Increasing energy efficiency, 
6- Better cell coverage, and 
7- Increasing the spectral efficiency. 

IV. SIMULATION AND RESULTS  
In this section, the proposed system structure is simulated 

to evaluate the system performance. The system level 
simulation is built with Java language and implemented using 
Matlab R2015b. The simulation parameters are illustrated in 
table2 [22]. The users are uniformly distributed and the source 
nodes are assumed to generate heterogeneous types of events 
and workloads. The simulation is hold for different values of 
service latency. The maximum allowable service latency is 
that time, after which the service is blocked if it wasn’t 
handled. We start with a small value of service latency then 
get this time increase, and measure the blocking rate for each 
time. 

In order to evaluate the system performance, we consider a 
four simulation scenarios. Scenario (A): the network is 
simulated without D2D communication and the multi-level 
clouds. This means that all SDs, ODs, GDs and MDs have 
only communication with the eNB and the core network is the 
way to handle their workload. This is the worst scenario and 
the tasks blocking should be high especially for latency 
sensitive services.  

 
Scenario (B): the network is simulated with the 

employment of D2D communication and thus employing the 
cloudlet tire. In this scenario, SDs and ODs can communicate 
directly with GDs and GDs can communicate with MDs. 
Employing D2D communication should reduce blocking 
probability of tasks especially for latency sensitive 
applications. This is because of the reduction of 
communication path.  

 
Scenario (c): through this scenario we employ the Micro-

cloud tire. Tasks that can’t be handled by D2D (cloudlet) are 
forwarded to the Micro-cloud unit instead of the core network. 
The last scenario is (D) which employ more level of clouds. In 
this scenario we simulate the system with the existence of 
Mini-cloud unit connected to Micro-cloud unit. This is helpful 
for tasks that can’t be handled by Micro-cloud unit and instead 
of moving them to the core network; they can forwarded to 
Mini-cloud unit. 

 

Table 1. Simulation parameters. 
parameter Description Value 
NSD Number of sensing devices 10 
NCD Number of ordinary devices 20 
NGD Number of gate way devices 8 
NMD Number of master devices 5 
NmaxGD Maximum number of SDs or CDs 

connected to a GD. 
3 

NmaxMD Maximum number of SDs, CDs or GDs 
connected to a MD. 

3 

Wmmax Maximum work load of the Mini-cloud 
unit per second 

100 events/s 

Wcmax Maximum work load of the Micro-
cloud unit per second 

30 events/s 

WMDmax Maximum work load of the MD 5 events/s 
WGDmax Maximum work load of the GD 2 events/s 
λi Arrival rate of the Micro-cloud unit 15 
μi Service rate of the Micro-cloud unit 5 Mbps 
μj Service rate of the Mini-cloud unit 8 Mbps 
dcell The communication latency inside the 

cellular cell 
1 ms/hop 

dCmicro,Cmini The communication delay between 
Micro-cloud unit and Mini-cloud unit 

1.5ms 

Sdmax Maximum allowable service latency (5ms -15ms) 
α Gradient of computing function 10 
β Constant of computing function 0 
RAM,HDD  
 

Micro-cloud RAM, Storage 
Mini-cloud RAM, Storage 

1024Mb,1Gb  
2048Mb,5Gb 

 
The performance metric used in all scenarios is the 

blocking probability (Pb), which is presents the ratio of the 
overall rejected work load to the total workload. 

 
Figure 4 illustrates the system performance for all scenarios 

in terms of blocking probability for different values of 
maximum allowable latency of services. Comparing the four 
curves, we can point out that employing D2D communication 
achieves better blocking probability. Moreover employing 
Micro-cloud and Mini-cloud units add more efficiency in 
terms of blocking probability. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Blocking probability vs. Maximum allowable service delay (ms).  
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Figure 5. Four scenarios comparison in terms of blocking probability. 
 
 
Figure 5 provides the percentage increase of efficiency in 

terms of blocking achieved in each simulation scenario 
compared with the first scenario (A), for two types of services. 
The first type is the high latency sensitive application which 
represents the first third part of the fig 4. The other type is the 
low latency services which represents the past third part of the 
figure 4. 

V. CONCLUSIONS 
 

The proposed frame work can be used as a structure for the 
5G cellular system. The system employing four levels of 
heterogeneous cloud units. The first cloud tire is formed based 
on the D2D communication between various devices. The 
higher two levels of cloud units are edge cloud units employed 
at the edge of the RAN to offload the core network. The 
system achieves higher efficiency in terms of offloading, 
congestion, coverage and latency.  The system is simulated in 
terms of blocking probability, for four scenarios each of them 
represents a cloud level. Simulation results illustrate that the 
worst case is the employment of the network without D2D and 
cloud levels. The best case is when employing D2D with all 
levels of cloud units. 

FUTURE WORK 
Our future vision is to comprise the SDN and NFV to the 

core of the network of the proposed system. 
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