
obile wireless traffic has experienced explo-
sive growth over the past decade, driven large-
ly by the vast application of mobile devices.
As application scenarios extended from tradi-

tional real-time voice communication to social networks,
entertainment, and e-commerce, the number of devices and
data rates keep growing exponentially. However, a broad con-
sensus anticipates that the 4G mobile networks will not come
close to meeting the demands that networks will face by 2020.
Since the wireless link efficiency is approaching fundamental
limits, future improvements in the capacity of wireless com-
munication systems can be alternatively achieved by innova-
tion and optimization in network schemes and infrastructures.

The 4G/5G wireless networks have been characterized by
heterogeneity due to mixed utilization of highly diversified
access technologies. Therefore, network operators propose
specific requirements to equipment providers for cost-efficient
and energy-saving solutions. We introduce some new paradigms
to address the above issues, including network function virtu-
alization (NFV), software defined radio (SDR), and software
defined network (SDN).

First, NFV employs standard IT virtualization technology
to consolidate multiple network equipment types onto industry
standard high volume servers, switches, and storage devices.
In this way, operators can architect networks toward deploy-
ing network services onto standard devices [1]. NFV enables

delivering network functions without installing hardware
equipment for every new service, making possible less invest-
ment in network equipment (CAPEX) and less expenditure
on network management and operation (OPEX). It enbles the
standard network appliance to migrate from one hardware
platform to another.

Second, SDR aims at implementing many modes by simply
reconfiguring the radio with different software, as the name
implies. The software may be pre-loaded in the device or
downloaded through fixed data links or over-the-air (OTA).
SDR has been successfully used in military communication
systems and recently introduced to the consumer electronics
market [2]. It plays a vital role in military applications with
requirements of channel switching and modulation changing.
Nowadays, the programmable SDR solution has become
attractive as it supports rapid development of wireless stan-
dards and a short time to market.

Third, SDN allows telecom software developers to control
network resources in the same simple way as ordinary com-
puting resources [3]. In order to support the programmability
of the network by external applications, SDN addresses the
separation of the control plane from the data plane with open
interfaces between the centralized controller and packet for-
warding devices. On one hand, the software-based controller
functions as the control plane and is logically regarded as the
core of the network intelligence; on the other hand, the net-
work devices become simple packet forwarding devices repre-
senting the data plane.

We study the possibility of integrating NFV with SDR/SDN
for 4G/5G mobile networks. Our work aims to reduce equip-
ment costs and power consumption as well as boost openness
and multi-tenancy. We first review the concepts of NFV,
SDR, and SDN. We focus on intellectualization, low cost, and
high performance of the network, and discuss the integration
of key technologies for future networks. Then we introduce
the standardization of NFV, SDR, and SDN and their devel-
opment. We consider openness, portability, and resource
management, and then make suggestions on improvements
and extensions. Finally, we discuss several key techniques and
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issues for future research.
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challenges in future 5G networks, such as millimeter wave,
massive MIMO, heterogeneous networks, C-RAN, and inte-
grating networks of NFV, SDR, and SDN.

The rest of this article is organized as follows. We intro-
duce the preliminaries of NFV, SDR, and SDN, and then pro-
pose an integrated design for future 4G/5G networks. We
present the details of NFV and SDR/SDN-enabled networks
as well as necessary 4G/5G extensions. We articulate some
open problems in the implementation of our scheme, followed
by the conclusion of the article.

Preliminaries of NFV, SDR, SDN and an
Integrated 4G/5G Network Architecture
Preliminaries of NFV, SDR, and SDN
Figure 1 illustrates a hybrid architecture of NFV, SDR, and
SDN. With NFV technology, operators can build an end-to-
end network infrastructure with standard IT virtualization
technology. This can be achieved by implementing network
functions via software. It is easier to introduce or test a new
network function by installing or upgrading a software pack-
age run by servers. Software defined radio, also called soft-
ware radio (SR), refers to wireless communication where the
transmitter modulation is generated or defined by a computer.
The receiver can use a computer to recover the signal intelli-
gently. SDR overcomes the hardware’s disadvantages and helps
to split control functionality and service functionality. SDR
devices provide device and function support to NFV architec-
ture, while NFV provides infrastructure support to SDN.

NFV: NFV addresses these problems by standard IT virtual-
ization technology consolidating many network equipment
types onto industry standard high volume servers, switches,
and storage devices located in data centers, network nodes,
and end user premises. The network function is implemented

in a software package running in virtual
machines. NFV enables the establishment
of new mechanisms to deploy and operate
network and infrastructure services. It can
be rapidly provisioned and released with
minimal effort [4, 5]. Figure 1 shows the
layering architecture of NFV, including vir-
tual network function, and virtual and
physical infrastructure. These blocks are
potential targets for standardization. The
open standard API is available in present
deployments but might need an extension
to handle network function virtualization.
The architectural framework shown in Fig.
1 focuses on the functionalities necessary
for the virtualization and the consequent
operation of an operator’s network.

SDR: SDR is a radio communication system
where components typically implemented in
hardware are instead implemented by soft-
ware on a personal computer or embedded
system. SDR technology brings the flexibili-
ty and cost efficiency necessary to drive
communications forward. The ideal SDR
has multiple bands and modes with open
architecture. Wireless functions are
achieved by loading the software offering a
variety of radio communication services.
The basic SDR platform includes an anten-
na, a multi-band radio frequency (RF) mod-

ule, a broadband A/D (D/A) converter, DSP processors, and
other expansions. SDR moves A/D and D/A closer to the RF,
from the base to the intermediate frequency or even to the
RF, and replaces dedicated digital circuits by programmable
DSP or FPGA devices [6]. By separating the system hardware
architecture and functions, SDR can realize multiple functions
via software based on a relatively universal hardware platform.
It can program the operating frequency, system bandwidth,
modulation, and source encoding [7]. Moreover, the system
can be easily updated by changing process modules.

SDN: Network control in SDR is decoupled from forwarding
and directly programmable, which enables the underlying
infrastructure to be abstracted for applications and network
services and treats the network as a logical or virtual entity [8].
SDN architecture is shown in the left part of Fig. 1. Network
intelligence is centralized in software-based SDN controllers.
With SDN, enterprises and carriers gain vendor-independent
control over the entire network from a single logical point,
since they no longer need to understand and process thou-
sands of protocol standards but merely accept instructions
from the SDN controllers. With southbound open APIs
between the SDN control and infrastructure layers, it allows
direct manipulation of the forwarding plane of network
devices both physically and virtually. In addition, with north-
bound open APIs between the SDN controller and applica-
tion layers, business applications can operate on an abstraction
of the network, leveraging network services and capabilities
without being tied to the details of their implementation [9].
SDN makes the network not so much application-aware as
application-customized, and applications not so much net-
work-aware as network-capability-aware. As a result, comput-
ing, storage, and network resources can be optimized.

In the architecture shown in Fig. 1, NFV can increase the
flexibility of network service deployment and integration in an
operator’s network. The goals of NFV can be achieved by use
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Figure 1. Architecture of NFV, SDR and SDN.
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of SDN mechanisms, in terms of enhancing performance, sim-
plifying compatibility with existing deployments, and facilitat-
ing operation and maintenance procedures [10]. In return,
NFV is able to support SDN by providing the infrastructure
upon which the SDN software can run. NFV aligns closely
with SDN objectives by using commodity servers and switches.
In addition, SDR also provides function virtualization support
for mobile networks.

Requirements of 4G/5G NFV, SDR, and SDN
In Fig. 2 the evolution of broadband radio access technologies
(RAT) is shown along with the key characteristics, such as cell
sizes, frequency resources, and service bearer requirement. In
the era of 5G, the wireless communication network needs to be
capable of meeting huge amounts of users’ diversified service
demands of different data rates. As a solution, the concept of
intelligent heterogeneous networks (HetNets) is proposed as a
hierarchical network resource utilization scheme exploiting
both the cellular and WLAN technologies. HetNets in nature
require the support of NFV, SDN, and SDR technologies at
different levels. For the interfaces of heterogeneous nodes and
devices, SDR can be applied to process physical layer signals
and extract data packets for upper layers. At the level of end to
end packet transportation, SDN is employed to flexibly con-
struct the end-to-end congestion resilient transmission channels
by exploiting various network protocols.

In the following sections, the scheme combining NFV,
SDR, and SDN for future communication systems is proposed
to efficiently improve the network functionality and flexibility
while reducing the CapEx and OpEx.

Existing Standards and Necessary Extensions
for NFV and SDR/SDN Enabled Networks
To ensure compatibility and interoperability, international stan-
dards on the general framework, technical requirements, and
specifications are essential for NFV, SDR, and SDN enabled
devices and systems. In the past few years, major international
telecommunication standardization bodies including WINNF,
ONF, ETSI, ITU-T, IEEE, etc., have made great progress in
establishing the technical framework and publishing detailed
specifications for the three technologies respectively from differ-
ent perspectives. However, for specific implementation scenarios
such as 4G/5G, there is still much work to do. In this section,
the existing standards for NFV, SDN, and SDR are briefly sum-
marized and then necessary extensions are suggested.

Current Standardization Progress on
NFV, SDN, and SDR

Chronologically, the concept of SDR and
SDN were both introduced in the 1990s based
on the needs of applications and they became
hot research topics in the new century. Com-
pared with the former two technologies, NFV
is a relatively new idea proposed by Internet
service providers to accommodate the trend
of infrastructure virtualization.

SDR technology is promoted by the wire-
less innovation forum (WINNF), which was
formerly called the SDR forum [11]. The
forum is working collaboratively with other
standards bodies, such as ITU, IEEE, ETSI,
etc., and regulatory bodies such as the FCC
and NTIA, to finalize reports, recommenda-
tions, and technical specifications for SDR
and related technologies such as software

communication architecture (SCA), cognitive radio (CR), and
dynamic spectrum access (DSA).

The Open Networking Forum (ONF), formed by Internet
enterprises and service providers [12], defines the architecture
of SDN, maintains the OpenFlow standard, and organizes the
conformance testing of SDN enabled devices. In the architec-
ture of SDN, network devices are simplified by application,
control, and infrastructure layers. The functions of the lower
two layers are called the OpenFlow controller and the Open-
Flow switch, which correspond to the control plane and data
plane of traditional IP/MPLS network switches and routers.

ETSI is the chosen standardization body by the NFV
Industry Specification Group (ISG). The NFV project is now
in its second phase with two white papers and a few funda-
mental specifications published. The white papers summarize
the demands for operators, picture the scenarios for applica-
tions, define the basic terminologies, and prove the feasibility
of the framework [14, 15].

As a reference, Table 1 summarizes and lists the formally
published standards of the three technologies.

Necessary Standard Extensions for Future 4G/5G
Networks
As mentioned previously, future 4G/5G wireless networks are
characterized by heterogeneity and will employ more sophisti-
cated technologies for spectrum utilization, multi-access, sig-
nal processing, security, etc. to support the interconnection of
even more diversified user equipment and devices. The
exploitation of NFV, SDN, and SDR will largely reduce the
complexity of new generation networks, lower the cost of net-
work construction, and facilitate future network evolution.
However, the current standardization bodies have not taken
the 4G/5G network into consideration, and we will present the
necessary extensions to current standards in this section.

From the network operation point of view, the three
technologies concern the different layers of a network. To
be specific, SDR is responsible for the physical layer issues
such as modulation, signal processing, channel coding; and
data encapsulation. SDN focuses on the schedule of net-
work elements to ensure the end to end transportation, as
well as switching and routing of data packets with guaran-
teed QoS. NFV orchestrates and combines the functional
entities of the network so that the service and appliance can
be quickly deployed. Based on this understanding, the key
technologies of different layers can be incorporate into the
three schemes.
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Figure 2. Evolution of mobile networks and key technologies.

Flexible
spectrum

management

•Traffic
•Multimedia
 content
•M2M
 application

Exploiting cloud
concept

Cloud

Introduction of intelligence

UMTS, HSPA
3G, 3.5G

LTE-A
4G

RAT evolution

WLAN

Composite
wireless

infrastructure

Macro

Cell shrinking
Devices (D2D)

M2M/IoT

Micro Pico
Femto

Heterogeneous
network

5G

GSM, GPRS, EDGE
2G, 2.5G

RONG_LAYOUT_Layout 1  5/15/15  12:57 PM  Page 56



SDR: The high data throughput and mobility of 4G/5G are
achieved largely due to the application of MIMO technologies
and dynamic spectrum utilization, and these enhancements
need to be embedded in SDR.

In effect, the IMT-Advanced, the ITU-T technical require-
ments for 4G systems, planned to extend the bandwidth from
20MHz to 40MHz and increased the antenna number to 3, 4,
or even more. As for 4G beyond or 5G, the heterogeneous
network structure will emphasize the requirement that devices
must be programmed to adapt to the underlying network
schemes, such as WiFi or cellular, making full use of spectrum
resources either licensed or not. To achieve the functions
above, more effective architectures and efficient algorithms
need to be defined and introduced to the SDR framework.

SDN: SDN has found its best practices in campus networks
and datacenters. For future mobile telecommunication net-
works, the challenging applications shall lie in mobile manage-
ment, inter-ISP handoff, and control plane security. Since the
control plane is decoupled from the data plane, the switching
of multi-homing user equipment between heterogeneous net-
works, such as Wi-Fi and cellular, can be easily managed

purely at a higher level without sudden loss of connectivity or
service interruption.

To achieve seamless handoff between the networks of dif-
ferent service providers, a method called mobile IP (MIP) was
proposed by IETF to allow roaming devices to move from one
network to another with a permanent IP address attached.
This solution can be supported by SDN in a more efficient way.

Security is another important issue that needs to be empha-
sized in future SDN standards. In particular, we need to pay
attention to some specific issues, such as the protection of
subscribers’ privacy, and mechanisms that are robust to cyber
and malware attacks, when the session extends from private
networks to public networks of an ISP.

NFV: The enrichment of NFV standards should be based on
network operators’ perspective. First, the evolution of NFV
must conform to the trend of wireless network development;
second, the issues of migration and co-existence of present
legacy networks and NFV enabled networks need to be con-
sidered thoroughly; third, a healthy ecosystem of NFV is
required to support sustainable development.

The portability and interoperability of virtual appliances for
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Table 1. Current main standards for NFV, SDR and SDN.

Technology Standardization organization Main related standards and activities Functionality

NFV ETSI
ETSI GS NFV-PER 001 002 Performance and concepts

ETSI GS NFV 001 004 Use cases and framework and requirements

SDR

ETSI

ETSI TR 103 062 064
Use cases and business and definition

ETSI TR 102 681/803/839/944/945

ETSI TS 102 969/ ETSI EN 302 969
Mobile device standards

ETSI TS 103 095/146-1

ITU-R SM.2152 Definition

ITU

ITU-R M.2117-1

Specific applications standardsITU-R M.2063/2064

ITU-R Resolution 805/956

WINNF

SDRF-01-P-0006

System structure and securitySDRF-02-P-0002

SDRF-02-P-0002

SDN

ONF

“Software Defined Networking:
The New Norm for Networks” 
(white paper)

Interoperability event technical
paper v0.4/v1.0

Definition and interoperability

OpenFlow series Configuration and management and switch
specification

ITU ITU-T Resolution 77 Standardization for SDN

IETF IETF RFC 7149 Perspective
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network equipment will facilitate the establish-
ment of a healthy ecosystem of NFV. Portabil-
ity will bring the freedom to optimize service
and network deployment. The interoperability
decouples the virtual appliances from the phys-
ical equipment provided by different vendors.
These will require NFV ISG to define unified
interfaces and protocols similar to OpenFlow
so as to decouple the abstracted function from
the underlying hardware.

Table 2 summarizes and lists the suggest-
ed extensions to the standards of the three
technologies.

Open Problems for the Future
Research
Other than 4G, a 5G system will be a game
changer that includes very high carrier fre-
quencies with massive bandwidths, extreme
base station and device densities, and
unprecedented numbers of antennas. To
achieve this goal, the core network should
also have to reach unprecedented levels of
flexibility and intelligence, meanwhile, this trend might even-
tually expand toward radio access networks. Figure 3 illustrates
an exemplary network with a bunch of key technologies, which
may become the open problems for future research.

Millimeter-Wave
Millimeter-wave technology is a promising technology for
future 5G cellular systems. Future 5G cellular systems can
achieve super wide bandwidth from millimeter-wave, as its
frequency ranges from 26.5 to 300GHz. Furthermore, millime-
ter-wave has much narrower antenna beam size compared to
the microwave, so that it can more precisely aim the target.

The main challenge of millimeter-wave to NFV is the
requirement of high device precision. NFV can deliver net-
work functions without installing hardware equipment for
every new service, and thus offer a chance of low equipment
cost and operational cost. NFV creates virtualized instances
migrating from one hardware to another, which exactly meets
the mandate of cloud computing environments. Millimeter-
wave technology, however, requires more precise devices for
high data rate and high quality transmission, which will signifi-
cantly increase the complexity of NFV design.

Massive MIMO
Massive multiple-input multiple-output (MIMO) employs the
antenna arrays of a few hundred elements to simultaneously
serve many tens of mobile users with the same time-frequency
resource. Massive MIMO scales up the conventional MIMO
to reap all the benefits at a higher level, which includes:
•Increasing the capacity 10 times or more and simultaneously

improving the radiated energy efficiency in the order of 100
times.

• Inexpensive, low-power components.
• A significant reduction of latency on the air interface.
• Robustness against both unintended man-made interference

and intentional jamming.
• Reducing the constraints on accuracy and linearity of each

individual amplifier and RF chain.
Overall, massive MIMO is an enabler for future broadband
(fixed and mobile) networks, which will be spectrum-efficient,
energy-efficient. and robust.

Despite the advantage of massive MIMO, it poses a huge

challenge to implement the integration of NFV, SDR, and
SDN. Massive MIMO arrays generate vast amounts of base-
band data in real time, which will significantly raise the com-
putational complexity. Fig. 3 presents the synergy between
massive MIMO and millimeter-wave in mobile communica-
tion as the hybrid system can achieve many times cell through-
put and cell-edge performance than a traditional LTE system.
As mobile traffic continues its exponential growth beyond the
capacity of 4G, the MIMO and Millimeter-wave system can
meet the demand.

Heterogeneous Networks
Heterogeneous networks (HetNets) have been recognized as
the most viable solution to the impending mobile data traffic
crunch in the context of LTE-Advanced (LTE-A). In Het-
Nets, different eNodeBs with different transmission power can
constitute different cell sizes or layers, such as macro, micro,
pico, and femto. Heterogeneous networks take full advantage
of the complementary characteristics of different network
tiers, and thus become an inevitable trend for future develop-
ment of information networks.

However, different tiers of networking access technology
and various service requirements lead to a series of problems
and challenges when applying NFV, SDR, and SNR to het-
erogeneous networks. This is mainly reflected in the spectrum
resources, network access technology, business requirements,
terminal mobility, and operation management. In particular,
with SDR technology, users might switch frequency frequently
for high data rate, making the network maintenance and man-
agement stressed. In a word, heterogeneity poses many chal-
lenges to NFV, SDR, and SNR in terms of joint radio
resource management, mobility management, and end to end
QoS assurance.

C-RAN
C-RAN was first introduced by the China Mobile Research
Institute in April 2010 to meet the future RAN require-
ments by providing mobile broadband Internet access to wire-
less customers with low bit-cost, and high spectral and energy
efficiency. C-RAN adopts the concept of a centralized base-
band pool, where a large number of remote radio heads
(RRH) connect to a center of baseband units (BBUs). This
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Figure 3. The key technologies for future 5G networks.
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breakthrough of RAN architecture can maximize spectrum
efficiency through the co-operative radio with distributed
antennas equipped in RRHs.

It is a critical step to build up virtual base stations over a
real-time cloud infrastructure of C-RAN. NFV is definitely an
appropriate solution to meet this requirement. However, it
has to face many challenges, since wireless base stations have
stringent constraints of real-time and high performance.

In addition, the RRUs in C-RAN can be fully implemented
by SDR based on an open platform. However, if various stan-
dards are allocated to the same spectrum, the RRH can sup-
port multiple standards only partially. Each time the standard
changed, the BBU is forced to restart, instead of sharing
multi-standards resource directly. Figure 3 shows the C-RAN
architecture integrated into heterogeneous networks, in which
several optimal problems can be achieved such as energy effi-
ciency and low complexity. The C-RAN combined with het-
erogeneous networks can help balance the payload, cover the
users, and manage the resource in the way of low energy con-
sumption.

Conclusions
This article develops an integrated architecture of NFV, SDR,
and SDN for 4G/5G mobile networks by considering the evo-
lution of standards and emerging key technologies. In particu-
lar, we investigate the current standards intensively and then
propose the necessary extension to accommodate future
mobile networks. We further articulate the research chal-
lenges raised by the upcoming 5G technologies, including Mil-
limeter-Wave, massive MIMO, HetNet, C-RAN, etc. Our
study shows that, though the upgrade of mobile network
infrastructure has to go a long way, the integration of NFV,
SDR, and SDN will play an essential role in expediting this
historical evolution.

References
[1] S. Sun, Y. Ju, and Y. Yamao, “Overlay Cognitive Radio

OFDM System for 4G Cellular Networks,” IEEE Wireless
Commun., 2013, vol. 20. DOI:
10.1109/MWC.2013.6507396, pp. 68–73.

[2] SDRF Cognitive Radio Definitions, SDRF-06-R-0011-V1.0.0,
8 Nov 2007, URL(2014-10-13): http://groups.winnfo-
rum.org/d/do/1585.

[3] Software-Defined Networking: The New Norm for Net-
works, URL, 2014-10-13,
https://www.opennetworking.org/images/stories/down-
loads/sdn-resources/white-papers/wp-sdn-newnorm.pdf.

[4] J. Batalle et al., “On the Implementation of NFV over an
OpenFlow Infrastructure: Routing Function Virtualization,”
IEEE SDN4FNS, Nov. 2013, pp. 1–6.

[5] H. Masutani, NTT Network Innovation Labs. Yokosuka,
Japan, “Requirements and Design of Flexible NFV Net-
work Infrastructure Node Leveraging SDN/OpenFlow,”
IEEE ONDM, May 2014, pp. 258–63.

[6] M. Palkovic et al., “Future Software-Defined Radio Plat-
forms and Mapping Flows,” IEEE Signal Process Mag.,
Mar. 2010, pp. 22–33.

[7] M. Sadiku and C. Akujuobi, “Software-Defined Radio: A
Brief Overview,” IEEE Potentials, vol. 23, no. 4, Oct./Nov.
2004, pp. 14–15.

[8] B. A. A. Nunes et al., “ A Survey of Software-Defined Net-
working: Past, Present, and Future of Programmable Net-
works,” IEEE Commun. Surveys & Tutorials, vol. 16, no. 3,
3rd Quarter 2014, pp. 1617–34.

[9] S. Sezer et al., “Are We Ready for SDN? Implementation
Challenges for Software-Defined Networks,” IEEE Com-
mun. Mag., vol. 51, no. 7, July 2013, pp. 36–43.

[10] L. R. Battula, “Network Securi ty Function
Virtualization(NSFV) Towards Cloud Computing with NFV
Over Openflow Infrastructure: Challenges and Novel
Approaches” IEEE ICACCI, Sept. 2014, pp. 1622–28.

[11] Base Station System Structure, SDRF-01-P-0006-V2.0.0,
Jan 15, 2002.

[12] Open Networking Foundation, October 2012 Interoper-
ability Event Technical Paper, v0.4, Feb. 7, 2013.

[13] Internet Engineering Task Force, “Software-Defined Networking: A Per-
spective from Within a Service Provider Environment,” Mar. 2014.

[14] NFV Performance & Portability Best Practices, ETSI GS NFV-PER 001
V1.1.1 release 2014-06-30.

[15] Architectural Framework, ETSI GS NFV 002 V1.1.1 Release 2013-10-10.

Biographies
SONGLIN SUN received the B.S. and M.S. degrees from Shandong University
of Technology in 1997 and 2000, respectively, and the Ph.D. degree from
Beijing University of Posts and Telecommunications in 2003. He is currently
an associate professor at Beijing University of Posts and Telecommunications.
He has long been engaged in research and development as well as teaching
wireless communications, multimedia communication, the Internet of Things,
and embedded systems.

MICHEL KADOCH received the B. Eng from Sir George Williams University in
1971, the M. Eng from Carleton University in 1974, an MBA from McGill Uni-
versity in 1983, and the Ph.D from Concordia University in 1991. He is a full
professor at Ecole de Technologie Superieure (ETS), Universite du Quebec, Cana-
da. He is also an adjunct professor at Concordia University, Montreal, Quebec,
Canada. Prof. Kadoch has served as an editor for a number of journals and con-
ferences, as well as for NSERC grants. His current research interests include
cross-layer design and radio resource management in wireless networks.

LIANG GONG received his B.Sc. and M.Sc. degrees in electronic engineering
from Shandong University in 2003 and 2006, respectively, and his Ph.D.
degree in communication and information systems from Shanghai Jiao Tong
University in 2011. From 2011 to March 2015 he worked as a senior engi-
neer with the Academy of Broadcasting Planning, SAPPRFT, China. Since May
2015 he has worked as a PDRA on the TOUCAN project at Heriot Watt Uni-
versity, UK, focusing on Massive MIMO and optical and wireless network con-
vergence. His research interests include Massive MIMO, SON and HetNet
technologies for 5G cellular networks, NFV, and SDN technologies.

BO RONG (bo.rong@ieee.org) received the B.S. degree from Shandong Univer-
sity in 1993, the M.S. degree from Beijing University of Aeronautics and
Astronautics in 1997, and the Ph.D. degree from Beijing University of Posts
and Telecommunications in 2001. He is currently a research scientist with the
Communications Research Center Canada, Ottawa, ON. He is also an
adjunct professor at Ecole de Technologie Superieure (ETS), Universite du
Quebec, Canada. His research interests include modeling, simulation, and
performance analysis of next-generation wireless networks.

IEEE Network • May/June 2015 59

Table 2. Necessary standard extension for integrating NFV, SDR and SDN.

Technology Extension for 4G/5G Challenges

NFV Open standard API Define a unified interface, which
clearly decouples the software
instances from the underlying hard-
ware, as represented by virtual
machines and their hypervisors.

Embedded SDR Define the standard to bridge SDR
device and unified underlying NFV
hardware.

SDR Multi-input 
multi-output (MIMO)

Attains higher spectrum efficiency at
the cost of significantly increased
computation complexity.

Radio resource 
management

Increase the system complexity with
the still unknown power manage-
ment and device mode configura-
tion in SDR.

SDN Mobility 
management

Seamless handoff between service
providers

Heterogeneous 
network support

Provide indiscriminated service
regardless of location or type of net-
work access.

Security Overhead of SDN control and 
privacy issues
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