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Channel Prediction-Based Channel Allocation Scheme for
Multichannel Cognitive Radio Networks

Juhyeon Lee and Hyung-Kun Park

Abstract:
spectrum utilization problem by dynamically exploiting the unused
spectrum. In CR networks, a spectrum selection scheme is ami

portant process to efficiently exploit the spectrum holes, rd an

efficient channel allocation scheme must be designed to minize
interference to the primary network as well as to achieve beer

spectrum utilization. In this paper, we propose a multichamel se-
lection algorithm that uses spectrum hole prediction to limt the

interference to the primary network and to exploit channel char-

acteristics in order to enhance channel utilization. The poposed
scheme considers both the interference length and the chaahca-
pacity to limit the interference to primary users and to enhance
system performance. By using the proposed scheme, channdil-u
lization is improved whereas the system limits the collisio rate of

the CR packets.

Index Terms: Multichannel selection, opportunistic spectrum ac-
cess, spectrum hole prediction.

I. INTRODUCTION

Cognitive radio (CR) has been proposed to solve the cessing time for finding optimal spectrum holes [4]. There ar

many research efforts for channel prediction based speaaa:
cision [5]-[8] in the CR area. They prove that using the clenn
prediction methods can improve performance of CR system in-
cluding channel utilization, channel switching latency anter-
ference to PU. According to the literatures, finding proppercs
trum holes among idle channels based on channel prediction ¢
enhance the performance of channel allocation in CR nesvork
Many papers have presented studies on the topic of effi-
cient spectrum allocation in CR networks. Opportunistiecsp
trum access-media access control (MAC) [9] proposes an op-
portunistic channel selection in multichannel environinisut
does not consider the characteristics of the channel, ssich a
utilization traffic and transmission rate, and chooses tradél-a
able channels randomly. Statistical channel allocationafi
hoc CR networks [10] predicts a successful transmissi@foat
all idle channels and their combinations on the basis of kbln
utilization. The complexity of a statistical channel atdion-
MAC exponentially increases as the number of idle channels
increases. An opportunistic cognitive MAC (OC-MAC) using

As new wireless service and applications increase, the neséctrum-hole prediction was proposed [11]. The OC-MAG pro
for spectral resources has increased. Many spectrum Eutocol predicts the remaining idle time using channel iz

are allocated to conventional networks, and the utilizatda

tion and probability theory. However, it does not support-mu

wireless spectrum becomes an important issue in wireless cdichannel transmission. Proactive channel access appftat
munications. The Federal Communication Commission (FC@joposes proactive channel prediction and intelligeninokea
observation results show that most of the allocated spectrswitching techniques to minimize interference to primasgns

is not used most of the time whereas an unlicensed spectrunder the exponential ON-OFF model. A Spectrum matching al-
is being exhausted by emerging wireless service and appligarithms [13] are proposed to support quality of service$po
tions [1]. To solve the problem of spectrum shortage andito ubf CR users. The spectrum decision is based on statistieal ch
lize more efficiently the spectrum, the FCC has recently sugeteristics of spectrum bands. Although these researck#s w
gested a new concept for dynamically allocating the spettrwtilized the characteristic of channels, they do not retagsr

resource, which is called the cognitive radio (CR) techgglo

channel modeling to appropriate multichannel allocat®ome

The CR technology is expected to solve the limitation bgpproaches exploit optimization algorithms [14], [15]cEBLR
exploiting the spectrum hole in conventional wireless netiser adapts its transmission parameters to changes of the wi
works [2], [3]. A CR user monitors the spectrum owned by Ess environment, in order to efficiently exploit the aviaidare-

licensed user, also called primary user (PU), to find thetsyec
hole and exploits it for communication. To efficiently wt#ithe

source. However, finding the system optimum that takes into
account all the constraints of a cognitive system requires p

spectrum holes, a channel allocation scheme is importaht dnibitively computational cost and a complete knowledgetan t
must be designed to minimize interference to the primary netetwork status.
work as well as to achieve similar purposes as those in tradiin this paper, we propose a spectrum hole prediction-based

tional wireless networks.

channel selection algorithm that supports multichanrestgr

Channel prediction methods can be useful for channel allmission. By using the predicted spectrum hole, interfezenc
cation because they can reduce interference to PUs and phe- PU can be limited to the defined channel success rate. We
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introduce the interference length that is directly relaedhe
success rate, and show that allocation that minimizes tiaé to
interference length is necessary to maximize the chanreel su
cess rate of multiple channel allocation. We propose a alann
allocation algorithm to achieve our channel allocationlgoat
minimizes the interference length. In addition, we consttie
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channel capacity of each channel and propose a method totape duration between the previous arrival time of a PU’seac
ply channel quality factors for channel selection to imgrdlve and the spectrum sensing time. Each channel may have differe
efficiency of channel utilization. Our research includes fibl- arrival rates.

lowing aspects. We define spectrum holg as the time duration that satisfies

— Prediction of the number of spectrum hole slots that sasisfithe minimum channel success rateThresholdv is the required
the required channel success rate minimum success rate of each subchannel. The minimum suc-

— Channel allocation strategy to maximize the channel sumess ratex denotes the success rate of each single channel, and
cess rate for multichannel transmission not the success rate of a multichannel transmission. Treesac

— Channel allocation algorithm to achieve the proposed alltate is the probability that a CR user transmits the packiéioui
cation strategy interference to the PU.

— Method to apply channel quality factors to channel selec-Each channel is divided into several small time slots, and
tion to improve channel utilization. spectrum holé;, can be represented as the number of time slots

The rest of this paper is organized as follows. In Sectiowél, N,. When a CR user transmits a packet using spectrum hole
present the proposed prediction method and channel abocat/Vy,, the success rate must be greater than thresholthresh-
strategy. In Section 1, we propose the channel allocadiign- old « limits the interference to the PU in a channel.
rithm to achieve our allocation goal. At this point, we alss d
scribe how channel quality factors can be applied to themélan a < 5;(Ngitaor) = Aje=rilNnitsion (2)
selection procedure. In Section IV , we describe the sirariat

environment and the results. Finally, we conclude our wark heretsiot IS the time duration of the time slot. The spectrum

ole is the maximum number of slots that satisfies (2), and we

Section V. ! :
can obtain the number of time slots of the spectrum hole as fol
lows.
Il. SPECTRUM HOLE PREDICTION-BASED . |
og «
CHANNEL ALLOCATION Ny — [_t 1 (tm 5 )] _ 3)
slot 7

A. Spectrum Hole Prediction

Because of the dynamic nature of a cognitive network sys;temThe specirum hole slot numbéf;, indicates the maximum

. number of time slots that can be used by the CR users while
secondary users have relatively unstable channel accassceh . "~ ~. .
O L o maintaining the channel success rateSpectrum holeV;,, can
teristics. Upon the beginning transmission or spectrundb#n

secondary users must decide to find the appropriate availa‘ljf)'lﬁer according to the packet arrival rate and each channel

T o may have differentv;, values.
channels for data transmission. To more opportunistiazdly :

; . To obtain the spectrum hole, each CR user should know the
the spectrum and reduce interference to the primary nesyork

the statistical properties of the primary networks can bedus |n_|t|a_1l time vaI_ueto,i. To obtain this value, ml_JItlpIe CR USEers
within a certain area should share channel information. hEac

By using the statistics of the primary net.work traffic, we “@8R user in the area periodically senses the channel. If a @R us
predict the spectrum hole and reduce the interference torthe detects the arrival of a PU, it broadcasts the arrival tinteem

mary n_etworlf. . ; ables the other CR users to update the channel informatia ta
In this section, we predict the number of time slots of a speg:

trum hole that satisfies the minimum channel success rate (} |gnal|ng overhead can be increased due to the broadcasting

S hannel information. However, we ex hat the chlann
packet transmission. We assume that the secondary usews kno, channetinio atio owever, we expect that the channe

o : overhead is not so high as compared with the traffic of the CR
the statistical property of each channel by collecting clehns- i . )
. ) ) 4 users because CR users transmit channel information orédypwh
age information for a long time. To predict the spectrum hol

developing a detailed understanding of the traffic charesties the channelis idle.

of the primary network is |mportant. One of the most Wlde|é_ Multichannel Allocation Strategy

used traffic model is the Poisson model. The memoryless Pois- o . .

son distribution is the predominant model used for anatyzin !N @ CR network, minimizing the interference to the primary

traffic in traditional telephony networks. In this study, med- Network is the most important factor. In a multichannel &an’

eled the PUT's traffic pattern in each channel as a Poissori-disfission, the CR users should select the channels to minimize

bution model. Although the Poisson model is not a real traffig€ interference to the PU and to maximize the success fiate. |

model, we expect the Poisson model is enough to prove the fefR user need¥ time slots to transmit its own packet using

formance of the proposed channel allocation scheme. M channels, the success rate of transmission is expressed as
The Poisson process is characterized as a renewal progess. |

this process, the inter-arrival times are exponentiakiyritiuted

using the rate parametgr To predict the spectrum hole of chan-

neli, we should obtain the probability that the PU’s packets do

not appear until the time Nai < Npi, Ngo+Ng1+ - +Ngzp_1=Np, (4)

M—-1

S = H S4 (Nd,itslot) = exp *tslot Z )\z (Nd,i + No.,i) )
t=0 i

() = Aje™it where A; = ¢~ Nito 1 WhereNd_,i is the number (_)f time slots allocated 'Fo cham_‘r;el
si(®) c » where c (1) and N, ; is the number of time slots fag, ;. We define the in-
where)\; is the PU’s packet arrival rate in channeindt, is the terference lengtli.; of channel [16] as (5) to simply obtain the



LEE AND PARK: CHANNEL PREDICTION-BASED CHANNEL ALLOCATIONSCHEME... 211
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Fig. 2. Concept of the boundary value K.
2i(Nn,i + No)
Total Interference Length = L1+L3+L4
Fig. 1. Example of the interference length. would contain largeV, ; values and will increase the interfer-

ence length. Therefore, we will determine the least number o

. channels with a largév,, ; value to minimize the interference
success rate. Then, we can express the success rate ascmfuq% gth ’

of the sum of the interference lengths as Generally, if we have a large amount of data to transmit, the

5) channel with the smallest; is the best selection because_ the
channel with smallei; has largetV,, ;. However, an exception
occurs if Ny ;, the number of slots to be allocated to channel
S =exp [tslot Z Li] ) (6) 1, is not large enough. Fig. 2 shows the interference length of
i two channels. Channdé?, which has a largek;, has a smaller
From (6), we find that the total interference length is diwctinterference_length wheNg ; is smaller than_four slots, Whereas
related to the success rate. As the total interferencetiengt Channeld’s interference length is smaller in the opposite case.

creases, the success rate decreases. Fig. 1 shows an exaffeallocate more than four slots, we should select Charinel
of the interference length and the relationship amangVa.; otherwise, ChanneB would be a better selection to minimize

N,;, andL;. The total interference length is the sum of all inthe interference length. We set this boundary number o slot

terference lengths. If no time slots are allocated in a chgnr(four slots in this case) a4 . _
its interference length becomes zero and is not includetién t #4s. K value of channell andB, is the number of slots that

total interference length because the channel does nat #fe makes the interference length of ChanAedmaller than that of
success rate. ChannelB when more slots thai 4z are allocated. We can

The CR users should determine tNg,; values that minimize OPtain& 45 by expanding (8), and the resultis expressed in (9).

the total interference length in order to maximize the sescef the Kap value is negative, Channdlis optimal. If theK 4
rate. We define vecta¥,; — [Nao,Na1, -+ Naar—1] asthe set value is positive, the optimal channel dependsNgy;. Here,

of time slots to be transmitted for each channel. Using (#), w4 Mustbe smaller thak.
can find vectotVy = [N o, Nj 1, -+ N 4] that maximizes

Li(Na,i) = Xi (Na,i + Noji)

the success rate. Aa(No.a + Kap) = As(No.p + Kap) (8)
M—1 AaNo 4 — ANy, B
N} = arg miny, Z L;(Nga,) @) Kaz AB — A4 A4S A5 ®)
i=0 If a channel withV;, larger than dat&/p exists, using a single
M-1 channel with the shortest interference length is betteabse
subject to Z Ng; = Npand Ng; <Ny ;. the additional channels add initial slo¥, ;, and they increase
=0 the interference length by; N, ;. If dataNp are larger than any

otherN}, ; of each channel we should select multiple channels
that can minimize the interference length.
[ll. CHANNEL ALLOCATION ALGORITHMS Our goalis to find a set of channels that can transmit daa
yith the minimum interference length. We extend the progose

achieve the allocation goal we suggested in (7). The chapter channel_ selection princ_iple using’ vaIues_ to a multichannel
sists of two parts. In subsection A, we propose the algorithm¢aSe- First, we determine the channel with the smakigsind

achieve minimum interference length. Subsection B shows &l it ChannelS. Second, using (9), we calculate thevalue
other modified algorithm that considers channel qualitynte i of ChannelS and the other channels. Then, we determine the

prove channel utilization. cha.nnel \{vith the largest” value, which is Channek. The se-
lection criteria for ChannelS and R are expressed by (10) and
A. Minimum Interference Length Channel Allocation Algoill), respectively.
rithm (MIL Selection)

To find N;;, we should select as small as possible the num-
ber of channels because a large number of selected channels Channel R = arg max; Kg;. (112)

In this chapter, we propose channel allocation algorithons

Channel S = arg min; \;, (20)
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1-1) is ChanneR. However, if ChanneR does not have enough

N
N

Ch() a0 ‘ Chamnat s VR 8S in Case 1-2, Channglwould be a better choice if it
ann .
L “>  has more\,. For certainty, we measure how many, could
Ch(B) ChannelS have whenNy, p < Nyem. First, (12) is satisfied

T T T i Ky =4 » Channel B hecauseViem < Ksr andNj, g < Nrem.

ji’
32 -

Ch(C) [« ’ll % % Kjo=15 Np.r < Ksr. (12)
, Noc The predicted number of spectrum hole sldtsis the num-
Chp) f—2—] | | | | PR, ber of slots that satisfies the success saite (3). From this fact,
! ‘ N, v it is found that thel;(Ny;) = \i(N,; + Ny, ;) values of each
channel are identical, and consequently, (13) is satisfied. Using
9 : )
Fig. 3. Mulichannel selection procedure. (9), (12), and (13), we can finally obtain the result, as esped
by (14).
Ls(Nhs) = Lr(Nnr) (13)
If the number of slots to be transmitted is smaller thanikhe = As(No.s + Nins) = Ar(No.r + Ni.r),
value, the best choice is Chantdglotherwise, Channd is the
best choice for smaller interference lengths. This muéticiel Ni,r > Np,s- (14)
selection procedure is shown in Fig. 3. Equation (14) means that Chann@lalways has moreV),

Fig. 3 shows an example of the channel selection procedutean Channeb whenN,..,, < Ksg andNj, g < Nyem. This
According to our channel selection criteria described abthe result shows that Chann& should be selected in Case 1), i.e.,
first step is to find the Channglwhich has the smallest;. In N,..,, < Kgg.
this case, Channel is selected as Channglbecause Channel In Case 2), i.e.N;em > Ksr, Selecting Channed is better
A has the smallest;. If multiple channels with smallest; ex- if ChannelS has sufficientV,, as in Case 2-1N,, s > Kgg.
ist, we simply choose the channel with the small¥st among However, if Channeb does not have enoughy,, as in Case 2-
them because a smalldf, ; causes shorter interference lengti), we should determine which channel has mfe Using the
With the selected Channg), the K value of each channel canconditionV;, s < Kgr and (13), we can obtain the same result
be determined. The next step is to find the Chadhehich has as that shown in (14). This result also leads to the conatusio
the largestis;. In this case, Channé} is selected as Channelthat ChanneR is the best choice for Case 2-2).

R because Channél has the largesk” value. The results discussed above can be summarized as follows.

From the figure, the channel with smallN, ; shows a large
K value. If\; N, ; is greater thath 4 N,,_4, channet has anega- 1) If Nyo;, < Ksg : i* = ChannelR
tive K value. Hence, if every channel shows a negalivealue,

ChannelS is the best choice. However, if more than one cha@®) If Ny, > Ksr

nel shows a positivél’ value, we select either Channglor R 2-1)Nj g > Kgg : " = ChannelS

depending on the number of slots to be allocated. If the finall 2-2) N}, ¢ < Kgp : i* = ChannelR

selected channel has larg®, ; value enough to transmit all re-

maining slots, the selection procedure is finished at thistpo  Finally, the multichannel-selection procedure is presérats
Otherwise, we should select the other channels to alloba&te follows. First, we determine the channel with the smalbgst
remaining data. We can use the iterative channel selecsimgu and designate it as Channgl Second, using (9), we calculate
the above procedure. the Kg; value of each channel Then, we determine the chan-

In case every channel has largés than K values, the above nel with the larges value and designate it as Chanil If
procedure can properly work. However, we cannot guarantee positive X value exists, Channed is optimal. Otherwise,
that every channel has always a largér than thek value be- we should compar& sz and the remaining number of slots. If
cause thd( value is derived from\; and N, ; factors. Thus, we Kgg is larger, ChanneR is optimal; otherwise, we check if

consider additional cases as follows. ChannelS has enough spectrum holé, s. If N}, g is larger

than Kgg, the optimal channel is Channg| otherwise, Chan-

1) If Niem < Ksgr nel R is the optimal channel. After we find the optimal channel,
1-1)Np g > Nrem we updateV,. If more data remain to be sent, we go back to the
1-2) N r < Nrem ChannelS selection step and repeat the process. If no more data

have to be sent or if no more spectrum holes exist, we end the

2) If Nyem > Kgr selection process and transmit dafa over selected channels.
2-1)Np s > Kgr Fig. 4 shows the multichannel-selection procedure.

2-2)Np,s < Ksr . . .
B. Channel Capacity-Based Channel Allocation Algorithm

whereN,.., is the number of remaining slots to be transmitted. (CCB Selection)

In Case 1), i.e.Nrem < Kgg, Selecting ChanneR is better if Aside from the PU’s probability distribution, each CR chan-

ChannelR has sufficientV,, r. Therefore, the selection in Casenel may have different channel conditions. To transmit a cer
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At each channel allocation instance { Ch(i) i | R, | R, | R, | R,
for every user i { J /\: i | | |
update Nyi. Nogj Ch@t) <LH'| e 1] Riit] Rt | Rivy | Ry | Riv | Ryt | Rivy| Riv| Rivn | Ryvr) Ry Ry
while (number of idle channels > 0 && size of buffer > 0) { e N,,I,-H B
channel S= argmin; 4; // channel S selection Ch(i+2) ‘#” | ] R | Ry | Ry | Ry | Ry | Ry
for every user i { . : I | NMI,HZ | | | | |
update Kg; = 75%1,15;;%1}
channel R — arg max, Ky, J channel R seloction Fig. 5. Interference length under different channel conditions.
if (Ksg<0) // final channel selection
el if (g sve of buffr) aof——f ‘ ‘ ‘ I

selected = channel R

else if (N, s< size of buffer )

selected = channel R A A
else | ; } i | |
selected = channel S No,i
A A
// determining number of slots to transmit over the selected channel ‘—"l'_’ L | | |
if Nyselectea > size of buffer 1V|'oi T \ \ \
Nygselected = size of buffer 3
else
Nyselected = Nhselected Fig. 6. Example of )\; modification (w = 1).

update Ny =Ny + Nd,sclcctcd
size of buffer = size of buffer - Ngselected

¥ .
much more data can be allocated in a spectrum hole slot com-

pared with the minimum data rate of the system. In other words
one slot of a channel wit®; has the same capacity 6% slots

channel allocation N_d }// End of channel allocation

Fig. 4. MIL Selection. as thatofa chqnnel WitR in, or cha_nnei needsQi t_imes Igss
slots to transmit the data. Using this characteristic, welifyo
A; as (16).
tain amount of data, channels with good channel conditi@ine , ; ,
) ; ; / A, if wC; <1,
smaller time slots or smaller interference length thandhmeish A = X else (16)
wC;?

poor channel conditions because the good channels camiitans

more data within a single time slot. In this section, we psgowherew is a parameter that gives weight to the capacity. We do

a channel allocation method that considers both channelicomot modify \; whenwC; < 1 to make\; maximize the value of

tions and the PUT's statistical characteristic, by simplelifica- ;. The effect of the modification of; is shown in Fig. 6.

tion of previous algorithm. Using the modified\; does not mean that the predicted num-
We assume that the secondary users know each channel’s ¢an-of spectrum holed, ; in (3) should be modified along with

dition by receiving channel estimation results; they thek ¢ )\’ In Fig. 6, the channel witl’; = 3 can transmit more data

culate the data rate for transmission. Further, the systgm Sthan the others; however, it§, ; should be 5 and not 15 because

ports variable data rate; thus, it has a certain level of d#&s. its predicted number of slots that satisfies 5, as derived from

The secondary node determines the appropriate channkfideve(3). The modified\; will only affect the channel selection.

each channel USing the channel estimation reSUlt, and ttie no To app|y the proposed method to the channel-selection a|go-

transmits the data with a certain amount of predefined déta rathm, we need additional computational effort to deterertine

R; according to each channel level. Fig. 5 shows the interfethannel-related parameters suchiasC;, and)\;. The channel

ence length of each channel under different channel camditi capacity-based channel allocation algorithm is shown gn Fi
Each channel has its data rat&; according to its channel con-

dition.

The idea presented in this section is that we mogifyising IV. SIMULATIONS AND RESULTS
data ratef;. However, data rat&; cannot be simply applied e evaluated the performance of the proposed channel se-
to our method. Hence, we first define the concept of relatiygction scheme via computer simulation. For the simulagion

channel capacity in (15). vironment, we considered one primary network and one CR
R network. We did not specify the primary network but consid-
C; = 7 . (15) ered a general primary network. The simulation consisted of

two parts. One part assumed that every channel has the same
C; is the relative channel capacity of chanfiahd is defined capacity whereas the other part adopted variable capabitie

as the ratio ofR; to the minimum data rat&,,,;,, which is the each channel. In the first part of simulation, we examine the

minimum data rate among the variable data rates supportedgeyformance of MIL selection that is shown in subsectiofAII

the system. The relative channel capacity factpshows how whereas both of MIL and CCB selection is evaluated in therothe
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At each channel allocation instance {

: u]
for €very user / { 0.7 | —5— Random selection B T -
L C.. Al 2 —O— Statistical selection _— o
update R;, C;, Aj, N,;} —= MIL selection (2= 0.5) /u o
0.6 | —e— MIL selection (a = 0.6) O / -
while (number of idle channels > 0 && size of buffer > 0) { —A— MIL selection (a=0.7) O _ o
—W¥— MIL selection (a = 0.8) /
. 0.5 | —e— MIL selection (a=0.9) 5 e o -
S= arg mmili' // channel S selection ° / O/
o
. S o4l o / J
for every user i { c o
AsNos=A{No,; 2 %.’-777-A7l7——l7l
update Kg; = %} 2 o3} i—8 E
i~4s S
o

R :Z.%. —e ® o d ®
2 F— — e
ar g IIlaXi 1(51 // channel R selectio 2r /'7 A A A A A A A -1

if (Kgg<0) // final channel selection 0.1 * v M VoV VvV Vv—v—v |
selected = channel S ? *0’\*0*\—0—707A0770707707.
else if (Ksz < size of buffer ) 0.0 L _
selected = channel R oto ots 1?0 1?5 2?0 2?5 3.0

else if (N}, s< size of buffer )
selected = channel R

else
selected = channel S

Average load of primary service

Fig. 8. Collision probability according to the load of the primary service.

// determining number of slots to transmit over the selected channel
if N elected > Size of buffer

. T T T T T T
Nselected = size of buffer 2.0x10° |- g E
—0o— Random selection
else 1.8x10° | .§ —O— Statistical selection -
N ot =Np ot ] —=— MIL selection (a = 0.5)
discected T Thselected 1.6x10° - X S —e— MIL selection (a=0.6) | -
N N ¢} —A— MIL selection (a = 0.7)
update N, = N; + N,
p a =Na + Ngelectea 1.4x10° |- o e —¥— MIL selection (2= 0.8) | -
size of buffer = size of buffer - Nygelected i = O& —A— MIL selection (a = 0.9)
) £ 120" g s .
o 3 1.0x10° [ A D\g g
channel allocation N; } //End of channel allocation S . \o
S 8.0x10° [ A4 [ D\ i
o " O
= s A \ \ \O
£ 6.0x10° | . (] B T
5 \A ~ Sg_o©
Fig. 7. CCB Selection. 4.0x10° - \ '\ ~a e TR
5 V— \A\ e e
2.0x10° |- L S Vg A— A L4
’\’\’7 X\x\ .
00| ——¢ & 3 —F |
1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

part of simulation. The multichannel was composed of 16 €he
nels, and the channel rate was 2 Mbps. The arrival procebs of
primary service was modeled as an independent Poissongsroce
with mean arrival rate\; for channeli, and the service duration ~ Fig- 9. Throughput according to the load of the primary service.
had an exponential distribution with a mean service dumatio

500 slots. The load of the primary traffic was calculated by-mu

tiplying the mean arrival rate and the mean service duration gjgp, probability lower than a certain point. In the Randoiese

We compared the performance of the proposed selectigsh, however, it shows higher collision rate than the psEgzb
scheme with that of the Random channel selection and i§annel selection scheme because it does not utilize the tra
Statistical channel selection. The Random channel sefectfic characteristics but randomly selects channels. On therot
scheme randomly selects multiple idle channels among Bind, the Statistical selection can have lower colliside tiaan
sensed idle channels. On the other hand, the Statistical chigye proposed one depending @value when the traffic load is
nel selection scheme selects channels to transmit aceptainyery low. It also has better performance than that of the Ran-
each channel’s statistical characteristic such as amétalof a dom selection by selecting channels according to the clianne
channel. For both selection approach, the number of idle-chatatistical characteristic. However the collision of thatStical
nels to be selected is determined depends on the packeh lerglection becomes higher as the channel load is increasiéel wh
to transmit, and the equal number of times slots are allddate the proposed selection limits the collision rate even irtibavy
each selected channel. traffic load.

Fig. 8 shows the collision probability of the proposed and Fig. 9 shows the throughput according to the average load of
other channel selection strategies. As the load of the pyimahe primary service. If the channel load is greater, theubhe
service increases, the interference to the PU increasesn'tiie  put of all selection schemes becomes worse because few idle
channel success rate threshalihcreases, the collision proba-channels exist in the heavy traffic. The throughput of the pro
bility is reduced because the CR user can have less oppigrtuposed channel selection is generally lower than those of the
to exploit the spectrum holes. For all the success ratelibtés other selections. However, the proposed selection with 0.5
valuesq, the proposed algorithm successfully keeps the colBhows similar performance to those of the other selectishie

Average load of primary service
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Fig. 10. Collision probability according to the load of the primary service  Fig. 12. Collision probability according to the load of the primary service
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Fig. 11. Throughput according to the load of the primary service Fig.13. Throughput according to the load of the primary service for each
(w = 0.4). w.

it can successfully lower the collision rate than the otfedes based channel selection using modifiedCCB selection, with
tions. As the channel success threshold increases, thieteed that of the channel selection using unmodifigd MIL selec-
length of the spectrum hole decreases, and the amount sf trdion.
mitted data is limited. A decrease in collision with the paim Figs. 10 and 11 show the collision rate and the average
data can cause a decrease in the channel throughput. In the tBRughput of the algorithm. Parameterrepresents the weight
the collision with primary service is a more serious probteen of the channel capacity in (9), ardis the minimum channel
the throughput reduction of the CR data, and the throughpuiccess rate. Fig. 10 shows that the MIL selection that does n
should be maximized under the allowed collision probabilitconsider the channel quality has a lower collision rate bsea
In the proposed channel selection, we can control the @nllis the modifiedA; can reduce the interference length of a chan-
probability and the throughput by controlling the channed-s nel with large capacity, and it makes the node select a high-
cess rate threshold. capacity channel more frequently than to select a chanrtbl wi
In the second part of the simulation, we assumed that evemjnimum interference length. For the same reason, the CEB se
channel had different channel conditions. We used a fowgtlelection shows a higher throughput than the unmodified varsio
variable data rate; thus, each channel could have a ditfereshown in Fig. 11, that means modifying the statistic paramet
channel rate according to its channel condition. The otimer s along with channel condition does improve the efficiencyesf r
ulation parameters were the same as those in the previous source allocation. Both simulation results show that tHeaew-
ulation. We compared the performance of the channel cgpacing channel utilization can cause the increasing of interfee
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to the PU, thus choosing the appropriate system parameters[al] S. Hung, Y. Cheng, E. Wu, and G. Chen“An opportunistigritive MAC
necessary. protocol for coexistence with WLAN,” ifProc. IEEE ICC Beijing, China,
) . May 2008, pp. 4059—4063.
Figs. 12 and 13 show the collision rate and the averag@e; L. vang, L. Cao, and H. Zheng, “Proactive channel acdasdynamic
throughput according to each weight factor The smallerw spectrum networks Physical communvol. 1, no. 2, pp. 103-111, 2008.

i :~[13] O. Jo and D. Cho, "Efficient spectrum matching based @ctspm char-
value shows more results similar to that of the MIL ssele(;tloﬁ1 acteristics in cognitive radio systems,” Rioc. WTS Pomona, CA. Apr.

whereas the largew value shows higher collision rate and 2008, pp, 230-235.

throughput because the largeralue results in a much largéy  [14] H. Zheng and _CrIP- Per}%ég?&bgmi% ggd fairgf;; ierzg%mistic spec-
e ; ; i : trum access," ifProc. ay , pp. —

modification. The node with Iargeufselec?s mqre high capacn)_/ 15] Q. Zhao, L. Tong, and A. Swami, "Decentralized cogeitinac for dy-

channels, which could be not quite optimal in terms of the in- * namic spectrum access," Proc. DySPAN Baltimore, MD, USA, Nov.

terference length. The selection of thevalue can result in dif- 16] E‘OOPS, pkp- 2%4—23?- locati _ rum hole aigin in CR net
.. . Park, “Channel allocation using spectrum hole prgdn in net-
ferent collision rates and throughput performance,_andave works,” in Proc. ICT and Knowledge Engineeringangkok, Thailand,
control the performance with an appropriate selection efuth Jan. 2012, pp. 18-21.
value.
V. CONCLUSIONS Juhyeon Leereceived her B.S. and M.S in Commu-
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Channel selection is one of the most important processes
CR networks. Cognitive users should select channels ngt ot
to utilize the spectrum more efficiently but also to minimize
terference to the primary network. In this paper, we have pr
posed a channel selection scheme that uses spectrum hele
diction to limit the interference to the primary network atod
exploit the channel characteristics in order to enhancertla
utilization. The simulation results show that the proposieain-
nel selection scheme successfully limits interferencbéoRUs
than the conventional channel selection scheme such asthe
dom selection and Statistical selection. Furthermoreh wiitn-
ple adjusting of statistic parameter along with the chaqoel-
ity, the proposed scheme achieves higher throughput while |
iting the collision rate. The selection of the channel sgscate
thresholdx and weight factotw can result in different collision
rates and throughput performance, and we can control the
formance by appropriate selection of thendw values.
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