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Abstract—The mobile network plays an important role in the 
evolution of humanity and society. However, due to the increase 
of users as well as of mobile applications, the current mobile 
network architecture faces many challenges. In this paper we 
describe V-Core, a new architecture for the mobile packet core 
network which is based on Software Defined Networking and 
Network Function Virtualization. Then, we introduce a 
MobileVisor which is a machine to slice the above mobile packet 
core network into different control platforms according to either 
different mobile operators or different technologies (e.g. 3G or 
4G). With our architecture, the mobile network operators can 
reduce their costs for deployment and operation as well as use 
network resources efficiently. 
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I.  INTRODUCTION  
Nowadays, the continuously increasing number of mobile 

users, devices and new mobile applications has resulted in 
mobile data traffic growing at an unprecedented rate [1], which 
has a significant impact on the complexity of the processes that 
are required to provide reliable cellular networks.    

There are few problems with the current LTE [2] 
architecture: i) centralized data flow: all the data passes 
through the Packet Data Network Gateway (PGW), ii) 
centralized monitoring and control is not scalable and is 
expensive, iii) base stations and infrastructure are difficult to 
configure and upgrade, iv) the current implementations of 
mobile networks are relying on specialized hardware-based 
network equipment which is difficult to manage and nearly 
impossible to modify. Alongside these technical issues, there 
are also a number of economic challenges (e.g. high costs for 
individually dedicated hardware-based network equipment) 
that calls for a significant re-designing of the mobile network 
in order for it to cope with increasing network deployment 
(CAPEX) and operation (OPEX) costs. 

Recently, the emergence of Software Defined Networking 
(SDN) [3] and Network Function Virtualization (NFV) [4] 
brings a promising solution for these above problems. While 
SDN provides the capability of programming the underlying 
network from a centralized controller through an open API, 
with NFV all of current network functions can be virtualized 
by software. By breaking the network architecture into two 

separated planes namely the control and data planes, SDN 
promises to simplify network management and configuration, 
lower management and operation costs, foster network 
innovation through programmability, ease of provisioning 
networks, and give better security and efficiency. By 
leveraging NFV into mobile networks, the Mobile Network 
Operators (MNOs) can reduce their CAPEX/OPEX, improve 
manageability, decrease time-to-market, and encourage a wider 
ecosystem by virtualizing their mobile network functions as 
software appliances running on commodity hardware or data 
center platforms. In addition, the mobile network would 
become more dynamic as virtualized platforms support a rapid 
instantiation and dynamic allocation of resources.  

In this paper, we introduce a new architecture for mobile 
core networks which takes advantages of both the SDN and 
NFV concepts; we call this system V-Core. Besides that, we 
emphasize the importance of sharing resources in the mobile 
network.  We address this issue by proposing MobileVisor 
which allows for slicing the mobile packet core network into 
different control platforms according to different Mobile 
Virtual Network Operators (MVNOs). 

The rest of paper is organized as follows. Related works are 
discussed in Section II. In Section III we describe in detail 
about V-Core and MobileVisor by emphasizing the benefits 
and role of MobileVisor in the next mobile packet core 
network. Then some challenges that we might face will be 
discussed in the next section. Section IV also gives our 
qualitative results by comparing the COPEX and OPEX in 
different scenarios. Finally, the paper is concluded in section 
V. 

II. RELATED WORKS 
Introducing SDN and NFV to the mobile network has been 

the focus of recent research using both “evolution” and “clean 
slate” approaches. L.E. Li et al. [5]-[6] proposed two new 
architectures namely SoftCell and SoftRAN, which replace the 
current mobile architecture. Instead of using Serving Gateways 
(SGWs) or PGW, SoftCell provides fine-grained policies for 
mobile devices in cellular core networks by using commodity 
switches and middle-boxes. In the control plane, SoftCell uses 
local software agents to cache packet classifiers and policy tags 
in order to reduce the load of the main controller. Complement 
to SoftCell, SoftRAN uses SDN principles to redesign the radio 
access network by abstracting multi base stations into a virtual 
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Fig. 1. Control Plane Platform and Data Plane Cluster 

 

Fig. 2. V-Core Architecture 

big station. Another “clean slate” approach is MobileFlow [4]. 
In MobileFlow, the authors introduce the Software Defined 
Mobile Network (SDMN) architecture in which both the radio 
access network (eNodeB) and mobile packet core entities can 
be controlled by a MobileFlow Controller.  

The authors also describe the ability to include mobility 
support and integration with legacy mobile network 
architecture. In contrast with aforementioned approaches, [8] 
and [9] present “evolution” approaches. In [8], the authors first 
analyze the functionality of SGW and PGW entities and then 
define several development scenarios based on the SDN and 
NFV concepts.  However, the authors in [9] only adopt the 
SDN concept into SGW entities for obtaining on-demand 
connectivity services. In this paper, we propose an alternative 
way by introducing unified and distributed mobile packet core 
architecture for both 3G and 4G called V-Core (Virtual mobile 
Core network). In this architecture, not only are the control-
related elements of the mobile network deployed on 
hypervisors on cloud or data centers but the elements related to 
data forwarding are also deployed in distributed cloud 
computing systems. 

When considering sharing in the mobile network, the result 
from [10] indicates that significant CAPEX and OPEX savings 
can be obtained through infrastructure sharing in a mobile 
network. In the Openflow network, FlowVisor [11] or its 
evolution version OpenVirteX [12] are two popular solutions 
for sharing network resources between different users. By 
leveraging FlowVisor to mobile networks, the authors in [13] 
proposed a sharing solution for mobile backhaul networks 
while [14] introduces RadioVisor into the SoftRAN 
architecture. In [13], Openflow-based eNodeBs are divided 
into different slices for sharing between different MVNOs. 
Whereas, RadioVisor is a slicing plane to enable the innovative 
sharing of network resources between different controllers and 
ensures isolation of the different slices in terms of control 
channel messages and radio element resources. In a 
complement to [13] and [14], in this paper we introduce 

MobileVisor which is used to slice network resources in the 
core part of mobile networks, i.e. V-Core architecture. 

III. PROPOSED ARCHITECTURE 

A. V-Core Architecture 
By adopting the SDN principle, the control plane and data 

plane of the current mobile network architecture are separated 
from each other. As a result, the control element MME and the 
whole intelligence in SGW (SGW-C) and PGW (PGW-C) for 
the LTE packet core network, SGSN (SGSN-C), and GGSN 
(GGSN-C) for the 3G packet core network are centralized in 
packet core control plane platforms and the data forwarding 
function is performed by the Gateways Data plane (GW-Ds). 
The whole V-Core architecture is depicted in Figure 1. 

1) Control Plane Platform 
As its name suggests, the control platform includes all 

control functions of the mobile core network which is 
responsible for network topology management, session 
management, mobility management, GPRS Tunneling Protocol 
(GTP) processing, routing… By leveraging the NFV concept, 
the control functions (MME, SGW-C, PGW-C, SGSN-C, and 
GGSN-C) are realized as Virtual Machines (VMs) running on 
the HyperVisor in a cloud computing system called the Mobile 
Control Plane Platform (MCPP). In this platform, the 
Controllers take responsibility to manage the network topology 
and process the matching, creating, deleting and modifying of 
GTP tunnels through a southbound interface called Open API 
(an extended Openflow protocol). The Controllers 
communicate with mobile network control functions via a 
northbound interface (e.g. RESTful). Due to the difference in 
technologies, we define two kinds of control platforms for the 
3G packet core and 4G packet core, as shown in Figure 2 a) 
and 2 b), respectively. In the cloud computing system we have 
two other controllers, one for managing VMs and the other for 
managing the network between VMs in HyperVisor or between 
HyperVisors, namely Cloud Manger and Openflow Controller. 

2) Data Plane Cluster 
In the data forwarding plane, the elements namely SGW-D, 

PGW-D, SGSN-D, GGSN-D which are used to transfer user 
data traffic through the user plane (GTP-U) are realized as 
uniform Gate Ways (GW-D). These GW-Ds are also deployed 
as VMs on the cloud computing system called Mobile Data 
Plane Cluster (MDPC) as depicted in Figure 2 c). Each GW-D 
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Fig. 3. MobileVisor Operation 

in MDPC communicates with the controller in MCPP through 
Open API protocol and has the ability to encapsulate/de-
capsulate the GTP header when a packet moves from the core 
to the Internet and vice versa. 

When putting the data forwarding plane of the mobile 
network into VMs, the networking performance will be queried. 
The virtual switch and the VMs themselves can degrade overall 
performance due to bottlenecks in HyperVisors when 
compared to physical implementations. To ensure high-
performance of the data traffic and carrier grade quality (i.e. 
low latency and jitter) in the data plane, the Intel® Data Plane 
Development Kit (DPDK) [15] Accelerated OpenvSwitch is 
the best candidate for the MDPC. By utilizing Intel DPDK, it 
has been shown that is possible to provide flexible traffic 
steering capabilities at the Hypervisor level (e.g. Xen or KVM) 
without the performance limitations imposed by traditional 
hardware switching techniques, such as Single Route I/O 
Virtualization (SR-IOV). This is particularly relevant since 
most of the current enterprise deployments of SDN are in 
virtualized data center infrastructure, as in VMware’s Network 
Virtualization Platform (NVP) solution.  

B. MobileVisor 
In this part we first describe the benefits of MobileVisor for 

sharing network resources in the core part of the mobile 
network. Then, we show how the packet will be handled as it 
goes through the MobileVisor. 

1) Benefits of MobileVisor 
Basically, the MobileVisor is a Mobile Controller acts as a 

transparent proxy between the Mobile Control Plane Platform 
and Mobile Data Plane Cluster. All messages, both from GWs 
to control platform and vice versa, are sent through 
MobileVisor. MobileVisor uses an open API (e.g. Openflow 
with GTP support) to communicate with both controllers in 
control platform and GWs. MobileVisor defines a slice as a set 
of traffic flow corresponding to a specific user. It means that 
the user can use two services from the network in different 
slices. 

By using MobileVisor, the mobile operator can operate 
their network efficiently, flexibly due to the following reasons: 

• The underlying data plane (MDPC) can be divided into 
different isolated slices and share between different 
network operators so that the network operators would 
not need to deploy their own mobile infrastructure in 
the same geological location. Therefore, they will save a 
significant amount of revenue. For example, in Figure 1, 
there are three network operators who are using the 
same data plane to forward their users’ data traffic with 
different technologies (3G, 4G). 

• With MobileVisor, the Start Up companies can hire a 
mobile infrastructure and create their own slice to 
deploy the policies and new services without building 
their own mobile network infrastructure which requires 
high cost. 

• In one mobile operator, some research groups can be 
created private slices for their own research to test and 

evaluate new innovative ideas. Because they can 
interact with the real data traffic so they can get more 
exact results than building a new dedicated test-bed or 
emulation system. 

• The slice in MobileVisor can be defined by bandwidth 
or other parameters related to Quality of Service (QoS) 
so the mobile operator can manage their billing and 
charging policies in a flexible and efficient manner. 

2) Operations 
The whole message handling operation of MobileVisor is 

shown in Figure 3. After finishing the initial attachment 
procedure, an IP address will be allocated to each User 
Equipment (UE). When UE initializes a connection to the 
Internet, (1) the initial packet will be sent to GW-D1. Then, (2) 
this gateway checks its flow tables. As no entry exists for this 
packet, (3) this gateway sends the packet to the control layer 
via the Open API interface. Upon receiving the unknown 
packet, (4) MobileVisor will check who controls this packet 
and then forwards it to the correct controller based on a pre-
defined policy (5). When the controller receives the packet, (6) 
it makes a rule which is used to create the GTP tunnel between 
GW-Ds. Then this rule is sent to the under layer. MobileVisor 
intercepts it, (7) examines the respective slice policies and 
rewrites the entry to include only traffic from the allowed 
resource. Finally, the rule is installed on GW-Ds in step (8). 
The packet will be forwarded in the data plane cluster and the 
user can use the service from the Internet. 

IV. CHALLENGES AND DISCUSSIONS 
Even though our architecture is an ideal, theoretical 

solution to overcome the problems of the current mobile 
network, in order to deploy it in reality we need to face many 
challenges such as those listed below. 

• The protocol between the control platform and the data 
plane cluster as well as the protocol in the northbound 
interface is not standardized yet. 

• How will V-Core interwork with the legacy system. 
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Fig. 4. Qualitative comparision table between different scenarios in terms of CAPEX and OPEX savings. 

• When deploying the V-Core architecture, we need to 
determine the number of controllers in each mobile 
control plane platform. It also would have to face the 
controller’s placement problem. 

• How to control the slice in MobileVisor when the UE 
performs mobility or roaming. 

• When a slice by MobileVisor should guarantee the 
performance of user data traffic. 

• If new a VM for the GW-D function is initiated by the 
Cloud manager, how MobileVisor will be aware of it 
and modify the existing slice. 

• How to guarantee security to slices in MobileVisor. 

As the first result of our work, we made a comparison table 
which qualitatively analyzes the CAPEX and OPEX savings 
between some scenarios. Figure 4 shows the overview of 
CAPEX and OPEX savings with our proposal (shared scenario 
in the Core) compared to other approaches using classical 
scenarios as the referent point. We follow the definition of cost 
categories as described in [16] to evaluate the costs of a 
network for a telecom operator. From this figure, we can 
conclude that SDN and NFV help network operators reduce 
their costs and an extra cost’s reduction can be obtained by 
using network resource sharing technology for the entire 
mobile network (from RAN to core network ). 

V. CONCLUSION 
In this paper, we propose V-Core, a new mobile packet core 

network taking advantages of SDN and NFV. We introduce 
MobileVisor in V-Core and describe the benefits of using 
slicing in the mobile packet core network. Our next step 
consists in realizing a test-bed to validate the advantages of 
MobileVisor as well as testing virtualization in the mobile 
packet core network. 
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