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Abstract
Cognitive radio technique is the next step toward eﬃcient wireless bandwidth
utilization. While some of the spectrum bands (unlicensed band) have been increasingly usage, most of the other spectrum resources (licensed band) are underutilized.
This drives the challenges of open spectrum and dynamic spectrum access concepts,
which allows unlicensed users (or called secondary users, SUs) equipped with cognitive radios to opportunistically access the spectrum not used by licensed users (or
called primary users, PUs). Most existing results mainly focus on designing the
lower layer cognitive radio problems. In the literature, this is the ﬁrst result to investigate the higher layer solution for cognitive radio networks. In this paper, we
present a cross-layer protocol of spectrum mobility (layer-2) and handover (layer-3)
in cognitive LTE networks. With the consideration of the Poisson distribution model
of spectrum resources, a cross-layer handoﬀ protocol with the minimum expected
transmission time is developed in cognitive LTE networks. Performance analysis of
the proposed handoﬀ protocol is investigated. Finally, simulation results illustrates
the proposed handoﬀ protocol signiﬁcantly reduces the expected transmission time
and the spectrum mobility ratio.

Keywords: Cognitive radio, cross-layer, spectrum mobility, handover, LTE networks.

1

1

Introduction

Over the past years, traditional approaches to spectrum management have been challenged by new
insights into actual use of spectrum. Due to the wireless network bandwidth constraints can not
fully take advantage of all of the radio spectrum resources for mobile devices and power supply can
not continue to use, and the free and unutilized radio spectrum resources is very frequent to lead the
low utilization of the radio spectrum. According to Federal Communications Commission (FCC),
temporal and geographical variations in the utilization of the assigned spectrum range from 15% to
85% [11][17]. In order to improve the utilization of the overall radio spectrum, the cognitive radio
(CR) network is a useful solution to this low utilization of the radio spectrum.
The cognitive radio (CR) concept is ﬁrst presented by Joseph Mitola III et al. [21]. In CR
networks, there are two types of users; one is licensed users (primary users or PUs), and the another
is unlicensed users (secondary user or SUs). PUs can access the wireless network resources anytime
and anywhere. SUs equipped with cognitive radios to opportunistically access the spectrum not used
by PUs. When a PU reclaims the radio spectrum resources, the SU detects the reclamation and
immediately moves away the current radio spectrum resources and switch to idle radio spectrum
resources. To perform above operations of PUs and SUs in CR networks, the spectrum sensing,
the spectrum management, the spectrum sharing, and the spectrum mobility are four important
functions. Spectrum sensing is the ﬁrst important issue to ﬁnd an idle radio spectrum and detect
the appearance of PUs. In the literatures [9][19][20][23][26], the spectrum sensing technology can
eﬀectively and rapidly sensing the spectrum holes.
With the development of wireless network technology, the wireless mobile access has been progressed by second-generation (2G) and third-generation (3G) cellular systems. In recent years, the
Third Generation Partnership Project (3GPP) has proposed a 3G long term evolution (LTE) [1][6]
toward 4G cellular systems. LTE is based on the universal terrestrial radio access (UTRA) and
high speed down-link packet access (HSDPA) and further strengthen its communications capacity to
upload in order to enhance its quality of service. LTE have to coexist with 2G/3G systems, WLAN,
WiMAX, etc. The handover protocols are very important for the mobile networks [10][18][22].
Recently, Software Deﬁned Radio (SDR) is a revolutionary technology [13][14][25] to implement
the CR networks. The SDR is the ﬁrst development to integrate diﬀerent communication capabilities. To upgrade the inconvenience and inﬂexibility of hardware architecture, a SDR with the
programmable and reconﬁgurable modules is integrated with diﬀerent communication protocols. A
mobile terminal (SU) with SDR device uses the sensing device in the physical layer to periodically
sense the current signal strength and the idle spectrum resources. With the sensed information, the
SU dynamically selects a suitable spectrum hole for the spectrum mobility.
Most existing results mainly focus on designing the lower layer cognitive radio problems. The
main contribution of this paper is the ﬁrst investigation of the higher layer cognitive radio problem.
In this paper, we present a cross-layer protocol of spectrum mobility (layer-2) and handover (layer-3)
in cognitive LTE networks. With the consideration of the Poisson distribution of spectrum resources,
we develop a cross-layer handoﬀ protocol with the minimum expected transmission time in cognitive
LTE networks. Simulation results illustrates the proposed handoﬀ protocol signiﬁcantly reduces the
expected transmission time and the spectrum mobility ratio.
The remainder of this paper is organized as follows. In section 2, related works are described.
Section 3 overviews the system architecture, and the basic ideas of the proposed schemes. Section 4
describes the proposed hybrid spectrum mobility and handover protocol. Performance analysis and
simulation result are presented in sections 5 and 6. Section 7 concludes this paper.
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Related Works

In the literature [7][15][16][20][26], most existing results focus on designing the lower layer (layer-1
or layer-2) cognitive radio problems.
First, the spectrum sensing is the main layer-1 task of CR system to obtain the spectrum usage
information and existence information of PUs. The traditional spectrum sensing is measured by
the spectral content and the radio frequency energy. In the CR, the spectrum sensing is measured
under more spectrum characteristics, such as the space, time, frequency and modulation code to
determine which spectrum resource is occupied. Pawelczak et al. [20] proposed a spectrum sensing
method based on the framework of opportunistic spectrum access networks (OSAN) to search for the
available spectrum. In the OSAN framework, it divides these nodes into diﬀerent clusters, each OSAN
node sends the sensing information to the cluster header in the spectrum sensing cycle. Each cluster
header keeps the spectrum information and the licensed user (LU) occupied channel information.
The information is exchanged between cluster headers and then be forwarded to all OSAN nodes
to make the accurate decision of the channel allocation. Yucek et al. [26] then proposed a partial
match-ﬁltering method to have a priory information about transmission properties of feasible PUs.
To having the robust spectrum sensing results, the spectrum sensing algorithm ﬁnds the available
spectrum for the data transmission by detecting the presence of PUs.
Second, the dynamic spectrum allocation (DSA) is the main layer-2 task of CR system to exploit
the temporal and spatial traﬃc statistics to allocate the underutilized spectrum to SUs. Ohyun
et al. [16] proposed a spectrum matching algorithms to eﬃciently allocate spectrum holes to SUs
in the CR architecture. To minimize the probability of spectrum mobility, the spectrum matching
algorithm is executed based on the diﬀerent sizes of the underutilized spectrum holes and the diﬀerent
holding times, while the holding time is the predicted holding time for a speciﬁc spectrum hole.
The spectrum matching algorithm selects and assigns a spectrum hole which is most closed to the
real spectrum holding time. Akbar et al. [7] recently proposed a markov-based channel prediction
algorithm (MCPA), where the channel occupancy of PUs is assumed by Poisson distribution. This
algorithm utilizes the hidden markov model (MHH) to predict the appearance of spectrum holes
in diﬀerent spectrum bands. In addition, Hoyhtya et al. [15] proposed a simple classiﬁcation and
learning of predictive channel selection method. To choose a channel with the largest idle time,
this predictive channel selection method is performed based on the statistics of spectrum sensing
results and the channel history. The objective of the paper is to provide insights about the higher
layer cognitive radio problem while most existing results mainly focus on designing the lower layer
cognitive radio problems.
Eﬀorts will be made in this work to develop a higher layer cognitive radio problem. In this paper,
we present a cross-layer protocol of spectrum mobility (layer-2) and handover (layer-3) in cognitive
LTE networks.

3

Preliminaries and Basic Ideas

This section describes the LTE systems architecture and the system model. We then explain the
basic idea and the design challenges of our work.
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