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Abstract—Many researches show that the current ap- spectrum range from 15% to 85% (2)(3). In order to
proach of fixed spectrum allocation caused the most of improve the utilization of the overall radio spectrum,

idle resources being unused by other wireless devices.ihea cognitive radio (CR) network is a solution to this
Cognitive Radio (CR) is the novel system that improves low utilization of the radio spectrum

the low utilization spectrum, with software-defined radio L.
(SDR) devices of reconfigurable and switching spectrum The concept of CR is first presented by Joseph

resources to enhance the appropriate spectrum access andVitola Il and Gerald Q. Maguire, Jo. (4). In CR
sharing. The new network technology long term evolution networks, there are two types of users; one is to
(LTE) systems have been proposed and this technique haslicensed users (primary users, PUs), and the other
highly flexible bandwidth and spectrum agile to satis_fy is unlicensed users (secondary user, SUs). PUs
the CR network. For the purpose of spectrum selection o, 5ecess the wireless network resources anytime
and mobility, we propose a hybrid spectrum mobility and .

handover protocol that based on the Poisson distribution and anyWhere' Unlike t_he PUs, the SUs onIy take
of spectrum resources and consider the different spectrum advantage of these radio spectrum resources when
holes characters to compute the expected transmission time PUS unused. When PUs reclaim the radio spectrum
of each spectrum hole. The minimum expected transmis- resources, the SUs must move away the current
sion time makes an appropriate spectrum holes selection radio spectrum resources at once and switch to other
to spectrum mobility and the makes the secondary user idle radio spectrum resources.

to select the adaptive base station to handover. Simulation With the development of wireless network tech-
results have shown that the proposed protocol is able to P

select spectrum holes adaptively and reduce the spectrumN0l0gy, the wireless mobile access has been pro-

mobility ratio. gressed by second-generation (2G) and third-

Index Terms—Cognitive, mobility, LTE, software de- generation (3G) cellular systems. In recent years,

fined radio (SDR), handover. the Third Generation Partnership Project (3GPP) has
proposed a 3G long term evolution (LTE) (6)(5).

. INTRODUCTION LTE is based on the universal terrestrial radio access

In recent years, Internet users a way to uggTRA) and high speed down-link packet access
network access technology has been vigorous elSDPA) and further strengthen its communications
velopment of the current wireless network graduallyapacity to upload in order to enhance its quality
replaced the limited network. Due to the wirelessf service can be provided. LTE have to coexist
network bandwidth constraints can not fully takevith 2G/3G systems, WLAN, WiIMAX, etc. Since
advantage of all of the radio spectrum resources foFE have highly flexible bandwidth and LTE is
mobile devices and power supply can not contindiave possible to use communication device in many
to use, and the free radio spectrum resourcesdifferent bands with facility for reprogramming if
very frequent. According to Federal Communicdhe operator you are using communication device
tions Commission (FCC), temporal and geograpiwvth has completely different frequency band it is
ical variations in the utilization of the assignedbeing proposed that Software Defined Radio (SDR)



be used with LTE. [I. RELATED WORK

SDR is a revolutionary technology (7). SDR may
change the wireless industry, and the restrictio
on mobile communication system are solved. SD
is the first research and development in order

In layer two solution, the dynamic spectrum allo-
tion (DSA) mainly focuses on how to exploiting
mporal and spatial traffic statistics to allocate the

. - ectrum to SUs. In recent years, DSA has been
integrate communication capabilities between U.

militaries. SDR can dynamic set up different neE'gate of heat research because of its potential
' , : ; 0 exploit highly under utilized wireless spectrum
work protocol when mobile terminal with SDR P gny P

R . r rce. DSA make th R with more fr n
device in different networks. In addition to recon esource. DS ake the C ore irequency

figurable property, in the CR network the SUs wit gility by sensing the spectrum holes and automat-

SDR device use the physical layer of the sensi ally tuning to the adaptive frequency channels.

technol ¢ iodicall | th any research of DSA has proposed based on the
echnology 1o periodically cycle Sense the CUITely, o1 mg that composed of SUs equipped with CR
signal strength and the idle spectrum resources

: ) . stems that aim to utilize spectrum holes that are
called spectrum holes). With these information, S P

) . t being used by PUs.
dynamically select a suitable spectrum hole to USe 5pvunet al (8) proposed a spectrum matching al-
without interfering with PUs. yunet at.(S) prop p g

gorithms which consider the user QoS and spectrum
In this paper, to achieve layer two spectrum meharacteristics to efficiently allocate spectrum holes
bility and layer three handover selection. SUs witfpr SUs in the CR base station architecture. For
SDR device perform the following three phasesinimizing the probability of spectrum handover
(1) environment observation, (2) computation anghd satisfying the service of SUs, the spectrum
analysis, and (3) evaluation and transmission. fatching algorithm focus on the different services
the environment observation phase, the secondgfySuUs and the spectrum hole of different sizes
users (SUs) collect the spectrum bands informatigid holding time, according the differences the
and other communication parameters by the SD¥gectrum matching algorithm select the require time
device. In the computation and analysis phase, tBeservice that most closest to the spectrum holding
collected information is analyzed to understand thgne to assign spectrum hole. These spectrum be
characters of every spectrum hole. The charactelgssified by the similar holding time, each SU
of each spectrum hole are prepared for the n&fiould calculate the service require time itself, then
phase. In the evaluation an transmission phase, theé CR base station according to the service require
secondary users evaluate expected transmission tm to select a holding time class and random a
of each spectrum hole for SUs service data. TRgectrum hole in the class to allocate the spectrum
spectrum hole with minimum expected transmissigiple to SU.
time to complete SU service has more opportunity akpar et al.(9) proposed a Markov-based Chan-
usage without interruption. For layer two purposege| prediction Algorithm (MCPA) and the channel
the spectrum hole with minimum expected transmiggcupancy of PUs is assumed to be passion dis-
sion time of spectrum hole is selected to spectrugipytion, it is based on the hidden Markov model
mobility. The minimum expected transmission timg4vm). HMM is a finite state machine that can
of spectrum hole make the layer three select thgedict the appearance of spectrum holes in different
adaptive base station to handover. spectrum bands. The first of MCPA operation need
The remainder of this paper is organized de observe channel usage patterns and update HMM
follows. In section Il, related works are describegharameters, then predicting channel availability and
section Ill overviews the system architecture, artcupation using HMM and decide whether the SU
the basic ideas of the proposed schemes. sectitiould remain in the same spectrum or move to
IV describes the proposed hybrid spectrum mobiligthers.
and handover protocol. Performance evaluation isHoyhtyaet al.(10) propose a simple classification
presented in section V. section VI concludes thand learning of predictive channel selection method.
paper. In this method the author presents the architecture
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Fig. 1. Example of inter-cell interference coordination.

for predictive CR systems for statistics of spectrum
sensing results and the channel history. In order to
choose the channel with the largest idle time, the
author classifies the network traffic pattern to four
types. According to the different types of traffic
pattern the predicting results is different in each
types. The prediction of idle times with periodic
traffic patterns, the history information support tbigher data rates for user in the neighboring cell.
exact predicts future channel idle times. The predi reality, the frequency reuse factor is different in
tion of idle times with random traffic patterns, thelifferent parts of the cell, shown as Fig. 1.
predictive idle times is calculated by the detection of The other characteristic of LTE systems is the
the available idle time. For availability using the idlepectrum agility. The LTE systems support more
channels the probability of predictive idle time musdifferent bandwidth of channels. This characteristic
be greater than 50%. When the current channel usédLTE systems is similar to the CR network,
by SU has been occupied by PU, SU utilize the paBine proposed scheme presents the LTE systems
channel history information to predict the spectrufdased on CR to achieve the full frequency spectrum
availability and select a channel with maximumatilization. As shown in Fig. 2, the system model
idle time, and then switch to the channel withoutonsist of the LTE core systems, PUs and SUs. SUs
interfering the PUs. have opportunity to use the unoccupied spectrum
by PUs and connect to the Internet throughout the
Ill. PRELIMINARY LTE core systems. In the system model, SU moves
In this section, we first describe the assumptiorgs shown in Fig. 2. The initial location of SU is
LTE systems architecture, and we proposed syst@&®f in the overlapped area. If the PU appeared,
model, and then we explain the challenges, the ba§¥ performs the proposed algorithm and selects

Fig. 2. System model.

idea and the main contributions of this work. an adaptive spectrum hole to spectrum mobility.
_ When the SUs move to the overlapped area. SU
A. LTE system architecture moves from SU’ to SU”, there are two events

The LTE systems provide frequency orthogonaiappened, one is the spectrum mobility, and the
ity between users in both uplink and downlinither is handover to neweNB. In the proposed
within a cell. Therefore, the performance of the LT@Igorithm, the algorithm focus on the mobility of
systems in terms of available data rates and sp&4s in the overlapped area and non-overlapped area.
trum efficiency is limited by interference from othed he proposed scheme aims to decide the adaptive
cells (inter-cell interference). Inter-cell interferencallocation of spectrum holes for SUs.
coordination is a scheduling method which the date o
rate are increased in the cell edge by taking intep: Basic idea and challenge
cell interference into account. Inter-cell interference The proposed scheme observes the spectrum oc-
coordination infers certain (frequency domain) resupied ratio to predict the probability of the resource
strictions to the uplink and downlink schedulerseclaiming by PUs and the received signal strength
in a cell to handle the inter-cell interference. Byo perform handover to an appropriate base station
restricting the parts of the spectrum of transmissi¢BS). The proposed scheme to achieve low trans-
power in one cell, the interference appeared in tin@ission time, high successful rate, and throughput.
neighboring cells in this part of the spectrum willn the proposed scheme, the expected transmission
be reduced. This part of the spectrum can provitieme of spectrum hole is mainly considered. Let
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Fig. 3. Cognitive cycle.
Tg(SH;) denote as the expected transmission time
of spectrum holei for SU’s service data. When cx
Tr(SH;) is large, this represents the expected transcs,
mission time of the spectrum hole is higher, andcy,

then SUs have to bear greater risks of PUs reclaimecis | & * e oot
resources. This may cause frequent spectrum mc™: =~ [ | —— J
bility and handover. On the other hand, the smallei”" | _crs T Torr——
the T (S H;) has high successful rate of service data

transmission without the PUs reclaimed resources. @)

Hence, the minimumIg(SH;) is the basis for

decision-making. s —

The proposed scheme provides an overview of
the cognitive cycle shown in Fig. 3. There are three
main steps on the cognitive cycle: environment ob-
servation, computation and analysis, and evaluation
and transmission. The detail as following.

« Environment observation - in the CR the SUs
monitor the spectrum utilization, received sig-
nal power, and detect the appearance of PUs.

« Computation and analysis - according to ob-
served information to analyze the spectrum
hole characters such as transmission rate, un- cu.
occupied rate, etc. e

« Evaluation and transmission - evaluate the ex- ™"

MME,/S-GW,

Ti=6s (7 RB)

Tg=4s (5 RB)

. . . . CH, | Te=5s (2 RB) —Tox ‘ Tors
pected transmission time of SU service trans-
mission by each spectrum hole, and then select .
one to spectrum mobility and help the layer (b)
three decision to handover adaptive base sta-
tion. Fig. 4. (a)The comparative scheme with the maximum idle time

b)The proposed scheme with expected transmission time.
In Hoyhtya et al.(10) proposed scheme, showﬂ) prop P

as Fig. 4(a), letlpy denotes channel be occupied

by PU ,Torr denotes the channel is idl&;;. de-

notes the channel idle time. the scheme divides ttiee proposed system model. Because the channel
time intoTpy andTorr. According to periodically size is different, the idle channel with the maximum
recorded the channel idle time, the next period thdle time may be the minimum channel size. If
channel idle time is acquired, and the channel withe maximum idle time channel with minimum
maximumT;4. is the best choice. In Fig. 4(a) thechannel size is selected, the data need more time
SU performs spectrum mobility forl@'H, to C'H; to finish the transmission. But the more time the
with the maximumT;,.. But the channel with the data transmission need, the higher probability of
maximum idle time maybe not the appropriate imterrupt. Therefore, in the proposed scheme, the
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mobility in original old eNB, because of the min-
imum T of old_eNB spectrum hole is lower than
the minimumT of new_eNB spectrum hole with a
layer three handover delay time, SU has a adaptive
choice of stay oldeNB to spectrum mobility. If the
minimum 7’z of old_eNB spectrum hole is greater
than the neweNB spectrum hole with a layer three
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Fig. 5. The proposed scheme with expected transmission time 1 NiS section presents the hybrid spectrum mo-
bility and handover protocol in 3GPP cognitive

number of PU reclaim spectrum hole in unit time igTE systems. The proposed scheme evaluate the
main consideration, shown as Fig. 4(b), we assumsgpected transmission time of every spectrum hole
the spectrum hole size is equal to Fig. 4(a) channglselect the minimum expected transmission time of
size, and then compute the SU service needed tigectrum hole to layer two spectrum mobility, and
Let ¢,., denotes the SU service required tinte/; the decision for layer three to handover an adaptive
denotes theith spectrum hole, and”,(SH;,t.q) base station. This scheme is split into three phase;
denotes the probability of spectrum hole unoccyt) environment observation, (2) computation and
pied by PUs. The probability”,(SHi, t,e,) is the analysis, and (3) evaluation an transmission. Let
spectrum holeSH; unoccupied probability in the g7 denotes theith secondary user in the systems.
treq period. Calculation of the above parametefs the phase of evaluation an transmission , the
and consider the element of spectrum mobility, th@scondary users (SUs) collect the information by
SU service expected transmission time is evaluat¢de SDR device. In the phase of computation and
The proposed scheme supports flexible spectrgRalysis, the collected information is analyzed to
hole size, and this characteristic make the proposgthracters of every spectrum hole. The characters
algorithm more considered. Because the differept each spectrum hole prepares for the next phase.
spectrum hole size has different occupied probgr the phase of evaluation an transmission, the
bility. Although the large of the spectrum holegecondary users evaluate expected transmission time

have fast transmission rate but the occupied rangeach spectrum hole in transmitting the service
of frequency bands is wide. When PUs reclaimeghta.

spectrum resource, the spectrum resource is easily ' .
overlap with the spectrum hole. This cause ths Phase of environment observation

spectrum mobility ratio become higher. In stead The main task of this phase make use of SDR to
of the smaller spectrum holes size are not eagyserve the signal power from the base station (BS),
to be OCCUpied by PUs. The result of maXimumsage of each resource b|ock’ aﬁ'd]m require_
expected transmission time is selected. Then $kbnts. The above information is acquired to know
moves from current spectrum holéH, to CH; the spectrum distribution and utilization. As shown
with the minimumTFg. in Fig. 7, theSU, periodically senses the spectrum
In the proposed scheme, when SU moves to thands of each resource block in order to acquire
center area of the overlapped area. The variationtbé information of each resource block occupied
the SNR makes the different BS spectrum holes fsequency and spectrum holgH; that consisting
transmission rate different. This factor may affeaf m, resource blocks. Lek,,, is number of times
the final outcomelz. Hence, in Fig. 5, there arethat m;th RB be occupied in the time period. If
two sub cases happened, one performs spectrima )\, is large, the PUs frequently occupied the



RB lower the opportunity of RB usage. Otherwise, signal strength. Hence, th€ NR is SNR =

if the \,,, is small, SU has more opportunity to  101.

use the RB without interrupted by PUs. The signab2 SU, determines the maximum transmission
strength is the basis on the wireless communication rate for each spectrum holg€H; and the re-

systems. The signal information assit/, to get quired transmission time,., of service data
the location from BS, and the transmission quality. d;. Let R; denotes the transmission rate in
The observation phase is operated as following. the SH,. Due to the SH; is consist ofm;

S1 SU, sense allRB in the spectrum bands, and  resource blockskB, the bandwidth ofSH;
the continue idleRB regard as the spectrum  is m; x RB. For determining theRk; of SH;,

holes 6H,, SH,, - -,SH;). And then each a formal equation to evaluate the maximum
RB occupied frequency\,,, is also recorded  transmission rate proposed by Shannon (11).
in a time period. The signal strength ti%¢/,, The maximum transmission rate is evaluated by
received record in every sensing period. C = B xlog,(1+SNR), whereC is the maxi-

S2 WhenSU, has requirement to spectrum mo- ~ mum channel capacity, anfgis the bandwidth.
bility or handover,SU, evaluates the current ~ Hence, theR; is m; x RB x log,(1 + SNR).
service data sizel, and trigger a request to  And the the required transmission timg, of

next phase. service datal, is evaluated by datd, and R;.
: : Thet,eq IS —5—2
ase re m; ogy(1+SNR) "
B. Phase of computation and analysis S3 To predict tﬁe gvsllablllty of spectrum hole

In the computation and analysis phase, due to SH, the probability of SH; unoccupied is
SU, detected”U, appearance, the proposed scheme needed to know. LeP, (SH;, treq) denotes the
triggers SU; to receive the observed information  probability of spectrum hole unoccupied by
from physical layer and then analyze the observed PUs. The probability?, (SH;, t,.,) is the SH;
information in order to acquire the spectrum char-  unoccupied probability in the,., period. To
acters. The spectrum characters such as bandwidth, predict the idleSH; in a service require time
transmission rate, and signal to noise ratio (SNR) t.cq- The proposed scheme use the Poisson
are important to evaluate the expected transmission distribution (12) to analyze th8 H;. The for-
time of SU, service. HoweverSU, in the over- mal equation of Poisson distribution is written
lapped area and the non-overlapped area is different. a5 p(k,7) = (AT) =0T \where k is the
Hence, the proposed scheme divides the system into qnymber of eventsT is the period time, and

two cases, the two cases are illustrated in section ) js the proportion of average event happened.

4.2.1 and section 4.2.2, respectively. The P(k,T) means in the time period, and
1) Secondary users in the non-overlapped area: there arek events happened probability. To

In the non-overlapped casgl/, has only one avail- analyze the probability that th6H; is not be
able serving BS, and then analyzes the spectrum sed in a service require timg.,. The k sets
characters of the BS. According t8U, received zero, andT setst,.,. Hence, if theSH; is
signal from the BSs. If the received signal strength  composed ofn; BB, the probability is written
from BS is greater than the signal threshold/, S Antreq
can get service from the BS. Otherwis#/, cannot as P, (m;, treg) = H Po(0,t,eq) = e n=1

get any service from the BS. As shown in FR&f,

SU, only receives oldeNB signal, and analyzes theC. Secondary users in the overlapped area

spectrum characters of BS. The procedure of theln the overlapped areaSU, has one or more

computation and analysis is developed. available serving BS to build connection. The fre-

S1 To evaluate the expected transmission tingeency spectrum in olé&NB cell edge do not
Tr of SU, service, the SNR is needed. interfere with the frequency spectrum in nesiNB
The SNR is analyzed from the received sig€ell edge because the allocated frequency in the cell
nal strengtha by the transformation equationedge is divided into different frequency domain.
dB = 10log SNR, wheredB is the received The computation and analysis of these spectrum



holes are computed with the more than one BS. The
different spectrum hole list in different BS make

SU,
The procedure is described below.

S1

S2

S3

time ¢,.,, the eventk is setting zero, and time
period T is settingt,.,. Hence, if theSH; is
composed ofn; resource block the probability

is written asP,(SH;, tye,) = H Pu(0,treq) =

_’if‘ )\mitreq
e n=1 . I n new eNB, to analyze the

probability that theSH; is not be used in
a service require tlmereq, the probability is

HP(

has more choice to determine which to use.

To evaluate the expected transmission time
Ty of SU, service, theSNR is needed. The
SN R can be analyzed form the received signal
strengtha and 5 by the transformation equa-
tion dB = 1010gSNR Hence, theSNR is
written asSNR = 10T and SNR = 107.

SU, determines the maximum transmission
rate for each spectrum holgH; and SH]’. in
different BS and the required transmission time
treq Of service datad; in each spectrum hole.
In old_eNB, theSH; is consist ofm; resource
blocks RB, the bandwidth ofSH; is m; x RB.
To determine the transmission rate $f; by In evaluation and transmission phase, the main
Shannon theorem, the maximum transmissigal is to evaluate the expected transmission time
rate is evaluated by’ = B x log,(1+ SNR). that SU, service required, and then to selects an
Hence, theR; is m; x RB x logy(1 4+ SNR). adaptive spectrum hole with the minimuf. The

And the the required transmission time, of T} not only considers the transmission time that
service datal, is evaluated by datd, and R;. SU, service datal, required but also th€ I; char-

The t,¢q is XRBxlfth(HSNR In new eNB, acters such as bandwidth, SNRU/, service data
the SH; resource blocks size, and unoccupied ratio. These characters assist

written aSPu(SH]/-, req) req) =

!
J
Zl / treq
e n= .

D. Phase of evaluation and transmission

is consist of m/,
RB, the bandwidth ofSH is m; x RB. To the Ty to predict the possibility of the candidate
determine the transmission rate ofH; by SH; spectrum mobility, and then add some penalty

Shannon theorem, the maximum transmissiao increase or decrease the valueTof. And the

rate is evaluated by’ = B x log,(1 + SNR).
Hence, theR) is m; x RB x logy(1+ SNR).

minimum T is the adaptive selection to spectrum
mobility and handover. The detailed operation is

And the the required transmission timg, of developed as follows.

service datal; is evaluated by datd; and i;.
Thet,, is 7 xRBxlggz(HSNR)

To predict the availability of spectrum hole
SH; in old_eNB and SH; in new eNB, the
unoccupied probability of spectrum hole is
needed to evaluate the expected transmission
time 7y. Let P,(SH; t.,) is the unoccu-
pied probability of spectrum holé& H; and
P,(SHj, ) is the unoccupied probability of
spectrum hole& H;. In order to predict theS H;

and SH; in different BS are not be used in a
service require time,.,. The proposed scheme
use the Poisson distribution to analyze the;

and SH}. The formal equation of Poisson dis-

tribution is written asP(k,T) = A0 e-01),
In old_eNB, to analyze the probablllty that
the SH; is not be used in a service require

S1 LetTg(SH;) denotes the expected transmission

time in theS H; of old_eNB. In non-overlapped
area, for each spectrum hole in the_ @B the
equation ofl'x (S H;) is written as equation (1),

dy

SH; -
T )= Py(mi, treq) X R;

+ (1 = Pu(mi, treq)) X Trog (1)
The T1oy is layer 2 switch time, and1 —
P,(m;,t,eq)) is the probability ofSH; be oc-
cupied. In fact the original transmission time
should be<. But the time may be inter-
rupted When PUs back. The expected trans-
mission time should be added some penalty
that P,(m;,t,.,) multiples R; for increasing
the transmission time. And th&H; may in-
terrupt when PUs back, th8U, should per-
form spectrum mobility again. Hence, the event



is considered by the penalty of possible in-
terrupted and spectrum mobility timél —
P,(mj, treq)) X Trom. Therefore, the expected
transmission time is the sum of data transmis-
sion time and the penalty time.

S2 To evaluate the expected transmission time that
SU, service required. LetTE(SUJ’.) denotes
the expected transmission time in the/
of new_eNB In overlapped area, the equation
of expected transmission time in neaNB
spectrum bands is differ frorz in old_eNB.
The equation of expected transmission time in
new_eNB should add a layer 3 handover proce-
dure time, the equation is written as following.

Fig. 6. Simulation architecture.

di

TL(SH') = Tyag + — 2
5(SH;) = TLan PL(m treq) X RS

+ (1= Py(m},treq)) X Tron  (2)

_ _cognitive LTE systems. In the proposed scheme, the
The Ty3y is layer 3 handover procedure timegnecirym holes is similar to channels. The spectrum
In the overlapped areaSU, has two selec- j\4je5 adopt AGWN channel and ignore the channel

tion of BS spectrum bands. §U, select the t5qing problem. The simulation results are then
old_eNB spectrum bands, the evaluation nalyzed.

Tr is similar to equation (1). IfSU, select
the neweNB spectrum bands, the expected
transmission time should be increasing becauSe
the additional handover procedure tirfigs;.

And then the expected transmission time is the s \work develop a spectrum mobility and han-
sum of data transmission time , the penalfyoer protocol in 3GPP cognitive LTE systems.
time, and handover procedure time. 15 eyajuate the proposed scheme, using the Net-
S3 The minimum exp_ected transmission time {3, Simulator-2 (NS-2) (1), ns-2 Cognitive Radio
an adaptive selection. In the non-overlappggyyork model, and euran module. The simulation

area,SU, performs the spectrum mobility withy chitecture is shown as Fig. 6, and the parameter
the spectrum hol& H; that has the minimum ;g setting up as Table 1.

expected transmission time to data transmis-
sion. Due to the expected transmission time has
considered thé H; characters and added some

Smulation Setup

penalty in the transmission time, thé;(SH;) Table-1

with minimum value has high successful rate | Parameter | Value |
and the shortest transmission time. In the over- | BS transmission range | 50 km

lapped area,SU, selects spectrum holes in | Network size 500x500 km

which old eNB or neweNB. Although the Secondary users speed | 0-100 km/hr

signal strength betwee${U, and old eNB does Number secondary user| 0-20

not meet the signal strength threshold, the value | Spectrum sensing period 40 ms
of T}, (SHj) is smaller thar¥z(S H;) should be Spectrum switching delay 10 ms

a proper spectrum hole to perform the handover | Handover delay 200 - 350 ms
procedure to the neveNB. Packet size 1500 bytes

In this section, we evaluate the performance of The performance metrics that be analyzed in our
the spectrum mobility and handover scheme Bimulations are shown as follows:



When the spectrum hole unoccupied ratio is less
yx than 0.5, the number of spectrum mobility is in-
o S ] creasing violently. The spectrum hole 5RB has
E JEaREpeoa lowest number of spectrum mobility because the
= transmission time is less than other, secondary user
1% use the spectrum hole 5RB encounter less interrup-
oL L1 tion.
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The proposed expected transmission tiife is
the decision parameter. Whéh is large, this repre- 2) (b)
sents the expected transmission time of the spectrum
hole is higher, and then SUs have to bear greater o .
risks of PUs reclaimed resources. This may cau®, (@ Tom ranemissn tme v speciu bole ot
frequent spectrum mobility and handover. On th@pied ratio.
other hand, the smaller thE; has high successful
rate of service data transmission without the PUs
reclaimed resources. F|g 7 illustrates the eXpeCtgd The Comparison of |ayer 2 scheme
transmission timel’; always higher than the real
transmission time. Because the expected transmis-

sion T according to the spectrum hole unoccupie:%-rhhe propqrshed stchhen:e corr;parer:]s to the othg_r Iayter
ratio to add some penalty. The real transmissign>C¢Me. he other jayer 2 scheme according 1o

time includes number of spectrum mobility timeperiodically recorded the channel idle time, the next

and less than the expected transmission tifge period the channel idle time is acquired, and the
channel has maximum idle time is the best choice.

C. The impact of spectrum hole size Our proposed scheme selects the minimum expected
transmission time as the best choice. As the number
We discuss the impact of spectrum hole size to tké spectrum hole is 5. Fig. 9(a) illustrates the
total transmission time, spectrum hole unoccupiéthpact of end-to-end delay and number of primary
ratio, and the number of spectrum mobility. Figuser. When the number of spectrum hole is less
8(a) illustrates the impact simulation of transmissiahan 5, the end-to-end delay of these two schemes
time and the spectrum hole unoccupied ratio widre almost equal. As he number of primary user
different spectrum hole size. The total transmissias more than 5, the end-to-end delay is violently
time decrease when the spectrum hole unoccupiaedreasing. Fig. 9(b) illustrates the impact of num-
ratio increase. Because the unoccupied ratio is imer of spectrum mobility and number of primary
crease, the secondary users have more opportunisgr. At beginning, the primary user is less. The
to use the spectrum hole without interrupted. Theumber of spectrum mobility of these two schemes
spectrum hole 5RB has lowest total transmissias similar. When the primary user increase more,
time because the transmission rate is higher thaar number of spectrum mobility in our proposed
others. Fig. 8(b) illustrates the impact number of thecheme is less than the max idle time selection
spectrum mobility and spectrum hole unoccupiestheme. Because the max idle time selection scheme
ratio. The number of spectrum mobility decreass always selected the spectrum hole with the long
when the spectrum hole unoccupied ratio increasele time, the remain spectrum hole with short idle
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vice transmission. Hence, the number of Spectruml i oae [ r] e
mobility increase. Our proposed scheme increase
flatly. Because our proposed scheme selects adapm,
spectrum according to the spectrum hole charact?eT
and user conditions. PEL NN
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VI. CONCLUSIONS

@ (b) In this paper, we proposed a spectrum mobility
and handover protocol for 3GPP LTE systems. The
Fig. 9. (a) The end-to-end delay vs. number of primary used, aThe secondary users in the systems observe the
(b) number of spectrum mobility vs. number of primary user. spectrum bands, analyze the characters of spectrum
holes, and evaluate the expected transmission time
E. The comparison of layer 3 scheme of spectrum holes. The expected transmission time
of spectrum holes is not only for layer 2 switching
The proposed scheme compares to the other lajleg spectrum bands, but also for layer 3 to quickly
3 protocol. The compared layer 3 protocol is mobildetermine the handover base station with the mini-
IPv6. The total transmission time and the throughpatum expected transmission time of spectrum hole.
is compared. The exist layer 3 protocol is nothe protocol consider the remained service data size
consider the layer 2 spectrum hole allocation, ti&nd the flexible spectrum hole size. The result of the
layer 3 protocol is always allocated layer 2 theelected spectrum hole may get more opportunity to
fixed size spectrum resource. For this reason, Fftiish the data transmission. Finally, the simulation
10(a) illustrates the impact of total transmissiofesults have shown that our protocol outperforms
time and the user service data size in these tifie existing solutions in terms of spectrum mobility
protocol. In the same data size, the MIPv6 protocahd handover in the systems.
need more transmission time because the fixed spec-
trum resource. In our proposed scheme, the layer
2 support the dynamic spectrum holes informatida] "The Network Simulator NS-2,”
to layer 3, and layer 3 may use the spectrum hole http://www.isi.edu/nsnam/ns/.
with the large size and low occupied ratio to dati@] FCC., "Docket No 03-237 Notice of inquiry and
transmission. Hence, the transmission time of our notice of proposed Rulemaking” International
proposed scheme is less than the MIPv6 protocol. Journal of ET Docket, 2003.
Fig. 10(b) illustrates the impact of throughput anf8] K. T. and B. MM and lyer, "A case for co-
the user service data size in these two protocol. The ordinated dynamic spectrum access in cellular
throughput at the small data size is similar to each networks,” IEEE International Conference on
protocols. But the data size is increasing, the MIPv6 Vehicular Technology Conference Fall, 2005.
achieve the maximum throughput. Because the fixgt] J. Mitola Ill and Jr. Maguire , GQ, "Cognitive
spectrum resource in layer 2. Our proposed scheme radio: making software radios more personal,”
is not always selected the large spectrum hole size to IEEE personal communications 1999.
secondary user, but the average throughput is higf@r 3rd Generation Partnership Project TS36.300,
than the MIPv6 protocol. "Evolved Universal Terrestrial Radio Access (E-
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