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[Abstract]

In this paper, we propose first a scheme of grouping spectrum holes that are created in the multiple channels of primary users, and
then by using the scheme we enhance quality of service (QoS) of wideband cognitive radio users in cellular cognitive radio networks. In
our scheme, spectrum holes created in each primary channel are predicted by Wiener prediction process, and then the predicted spectrum
holes happened in the same time are grouped into a group. The wideband cognitive radio users explore the group of spectrum holes to
improve their QoS. Simulation results show that their handoff calls dropping rate and initial calls blocking rate are significantly reduced
in our scheme, compared to those in the single primary channel.

Key words : Spectrum hole grouping, Wiener prediction process, Wideband cognitive radio user, Handoff calls dropping
rate, Cellular cognitive radio network.
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Fig. 4. Dynamic spectrum hole grouping based resources
allocation for WCRU call services.

S B =R Aekels ~FEY T a8 dS
101]}\1 H]—/@@}.‘: PU/\]-—QLX} iﬁug /\ﬁﬂEa%
s R AR 180 ~ 11,62 ~ 13,

A Q7o) 1EB(H ~ 15)S LERd

16 ~ 7,t7 ~ t8)3} ©] 4
Aolef. 1592 bl 9 2 velel Aee aTehs A

A A AFEAF S5 AT o) 7]E0] whd A o] AHE
7 &5 o]8ato] Anl2 g uf WAk =0T o] B4
E(dropping rate) I 7] WA 5 o] Z}chE(blocking rate) S =
A

3-2 WCRUSE X|&s17] #I8t 2HIEY Zo| S

19 4= WCRUS] =02 59} 27] DA 5] X|UE 9]
fs]— A j-(q /\Iﬂ]EEJ il.ar_iﬂ X}..?_]fq 6’7—1;1—7] \,}-F/} ]’;]- o:]
7]}\1 BWYf serv 1= /H] 4 /K,H]EEJ E.j_-,—.ﬂ X}_r_]—é——oﬂ}\i ?17(]

AR AEQ S 53 Sl oot § Pk ol oS e
uiH, Byt =L S8 A|91E] 94 all e efahar e

Aeow 27 WA 55 A9
3-3. PU2I WCRUZQ| AI¥ BR771Y

ER1S oazahe Wl 7181591

UdHE = (overlay mode)”} A=),

WCRU”Z| PUS] 2~ E
/\)J]EEJ oﬂ/pﬂ/\ H]—H—lo]

RS

o] mi= Ao ¢l5g Ealo] PUS] 34 tieo] Hlo]
(idle) 20, WCRU7Z} PUS| F34 T &} o] & & 0101

WCRU 9| HFo] PUl 1M1 4 &= Wolth T3
(underlay mode)i= WCRU7} PUS] ~H E&H S 7ho] /\}%O]'t
WHO R PUS QoSE HAdE7] gk IS FHAslshHA
PUS t9& &-frak= ol B3t Y8/ RS (hybride
overlay/underlay mode)= PUS] t o] H]|o] 91 & wj= dH =
=2 PUY H9S AE31aL, PUS| H o] AME SdulE= T3
Re= Tl pudl tigh 3§ M-S A|71HA WCRUE=
PUS] & AHE & <+ itk

9 5 EwellA sk 3o WCRUARSARE A
dal7] sk 2 ER JdHRE F 25 VeI Q1A AREA}
&7} 878k 9 U192 PUS] N Bu (bandwidth unit) &
A&l o)t



22

PU's spectrum hole
frequency bands

}75111 sy
| | |

‘ ‘ ‘ \ |
%I%NH|

anen
Wideband CRMU's
frequency bands

‘% Nﬁ‘

T8 5. PUS| AHEH STt WCRU & 7 tHofo| dH=E,
Fig. 5. Overlay mode between PU spectrum hole bands and
WCRU call bands.

V. fid olF 222

1k

Y oS LarelFe E A Ad AALG 2] o5 &
aEjFoR AfdE vk FEje] elS o] TS,
B =gollA= pue 2 Aol B Alehs 2 EY Zo] A
715 o Fshd thaat 22 S ARt PUAE Y]
HEH Fo] H7)E SH(t) = BA u), SH(t) = s34 o

= wd=wn] SH(t) o] o]de] gt AAle] ghe o83t th

AWOﬂ*H mEfe] ghe o Serh AtE 2 EY Eo o

o= & v, SH(t) <] ‘?iii‘r‘%‘: ASH( )= Bl pAt
Ax7F 6 /AL A A1)} o] FAE

2=0
LT

ASH(t) =SH(t) — SH(t — At) = u At + ad /At (1)

371N at FF A AYRFR Fero] 00 BFEHA}
7} 10]th &AAje] AJA oA o]Ae ke AFEY Eo] 7
7] MEFE sh(t) & o83l pot o3ks FATCE 2(2),3)
B ps} o] A Yehdth

ki(sh(t—ir) —sh(t—ir—7))

i=0 _ sh(t)—sh(t—kr)

w= e = - 2)
=1 N
\/ E (sh(t—ir)—sh(t—ir—r) — /JT)z
5= L {i=0
7 ; 3
A7NA, 7= ot daks FAT W) AHEee A ER & 4
= gre] 24 UENIY, A8 2A%E 97 el o
S At WellA 7 & A ste] B2 AE ahs AT et
Ark.

V. Al22lo|M

Az om Zrle. el A vl puAde) 2= st

AR F o) 9% S v S19) AFeks A
T2 EE WCRUSQ| =93 5 &A% (dropping rate) ¥ %

7] ¥4y % o] A& (blocking rate) ] T

oIX| 2jc|2 2t

ol M 2HE™ & OFEol 2fat oIX| ALEAe| MH|x FR e
—pUl  e—pu?  e—pud

8
7
6
5
Bu 4 -
3
2
¥
a

CEERNdN SN HGHE NS H e H S

H A A A NMNMNM MMM T A NALN D DD

sec

325

T8 6. PUL PU2, PU3 A2 2| &7 2 E(Bu).
Fig. 6. Channel occupied bandwidths of PU1, PU2 and PU3

(Bu).
emmsh_pul seesh_pu? ==——sh_pu3
8
7
6
5
Bu 4
|
; |
1
0
e e PP g —
m\.DﬁND o ™o L e =) e =] L
™o A g LA NN BOMWOLONISMN~ROMIDN A~
DRSS RKERRARSISTRREREES
sec

33 7. PUL, PU2, PU3 A | ABIERH Z9| 37|(Bu).
Fig. 7. Channel spectrum holes of PU1, PU2 and PU3(Bu).

Ed FHEEE d9RER PUAE
7 Bu©lal, el 1A AREAS] 8 %S
N=2 Bu °It}. 3719 UGS aeishH, ZH2ke] Ad PUl,
PU2, PU3S] Ei¥e] g9 Hf del= EOP—(Pmsson)

o] & A Ak o AH| 2 AFEEE 2k
PULANE : Apyy = 0.1 70/ 2, pupyy = 0.08 70/ %,
PU2AD: Apyp, =0.09 70/, pipy =0.07 70/ %,
PU3ANE: N pyy =0.08 7N/ 2, pupyy =0.06 71/ % 2] Egfj¥o]
7}7ke) A Eg ARk WCRUS| B Fols & E2kw) %)
T o M A RS 2=tk A =1~ 7 /%,
Pepa =0-82 1/Z. WCRUS] 27| A 3.9} =0 3 5.9
wAggo 7h7) 1/2 2 EYsith PUL, PU2, PU3 299 o
S5 2~ ER Zo] 7= AYdFoR dojX| 1, g}
e At=r1=1sec, k=25°]t}.

1% 62 F A} PUL, PU2, PU37} 2}A| 8= 9] &4
e 7k A o) Ajd-gee] 7 Bu 4|, PULS tY
Fol °F21%0°] a1, PU29} PU3A D2 2F20%°] T

% 72 PUL, PU2, PU3A LS ~HEY Zo] 975 e}
ek A 02 9k 80%<] HIARS-E-S YER AL glTk

PUS} WCRUS| =3 E
_9_61:._

R

WA
08

i

% olg

www.koni.or.kr



J. Adv. Navig. Technol. 23(4): 322-327, Aug. 2019

s FE0_Sh s ch
9
8
7
6
5
Bu
4
3
2
2 |
0
REESSEEREEERIAFINERERESE
sec
J8 8. AHEH =2o| 2L o Z(PUN).
Fig. 8. Wiener prediction based spectrum holes.
grouping_sh
25
20
15
Bu
10 1
5
a
AN S N oS 00O A NM nmwrOono 4m™NM
RECEETERGEREELAESRRHEEE
sec
a8 9. O=Y stAHEY 59| (9 E(Bu).
Fig. 9. Grouping pectrum hole bandwidth (Bu).
— OTOUPINE === average
08
0.8 —
07 —== -===
206 =T
: 05 P
w 0. -
.i 04 e - _—
2os __.//
02 /
01 —
a T T T T T 1
2 3 4 5 6 7
weru's handoff call arrival rate
38 10. =T So| AEH|W
Fig. 10. Comparison of handoff call dropping rate.
% 82 PUL A o) ~EY Fe] 2718 SR
o 2 21 LhERIT). o % 94K +1 Bu ol81S & 5 9)
219 9% PUL, PU2, PU3 S| 2~ ER] 2.8 11535 rﬂoﬂl
S ekl 72 0% 17.84 Bu 9 &S WCRU7} ©]
& U L Ak

https://d

0i.0rg/10.12673/jant.2019.23.4.322

326

grouping = == average

=
ta

-

_______
-

|

|

blocking rate
o
n

o
]

o

T T T T T
2 3 4 5 6 7

weru's initial call arrival rate

O3 1. =7| 2 So| REhg |,
Fig. 11. Comparison of initial call dropping rate.

13 102 WCRUQ| =9 350 &A52 3719 puid
o et EAES Hf et AR 1FFol 9 EAES n| st
Zolt}, 2EY & T1FFo) 9t & A Yo] &HES dF4
A Y 4 S-S Btk

I3 118 WCRMU 9| %7] 25 9] AFek-8-8-37)19] PUAN
ol thet pehso] Hf gk 15500 93 A Hli’ﬂ
Zoltt, QIX| ARgARY] Z7] HAg e Aka® AR EY 5
oS BYTh

whebA], PUL, PU2, PU3S] 7i7e] A de] ~HEY 8 %
D& B9 F5AHE 7HA S= FUY X ARgALSol i3]
MeA2dEY o) g8 o g Ao 32y fodZoz XY
TP IS & A Yy 2~ EY Zo aFgPo R
3l AMAe] U ol A LA dlS At #eiA = A

ol 3)

B =R A A2y oA g o welA 9y o=

o alSeE ~AEY B2 TFD s S Ak, of
2 olgate] Yulo] ol AFgAEe] Aul: EAL G A2
F 9eg wlTh EH QA AHEAS] WEQE o 2=
W E MY SANE Holsto] ANEY F dloke Bl A
Agoem 27) PAE Hrke Aus Fo] B BYES
HGIth BF Qe A4 AT ek B 7 Ee
2292y £S AYH0R 1§ oK 9= Fel
OJ§ES U F Q= ALUY Pt ~AEY F 1F
714 % SeekAlo el vlak Alold.

Acknowledgments

A= 2019495 AR et Sk A d] ] <lel 9
6}04 AT



M2 elx| 202 Yol A AHER & IHTol 2|3t UK AFBRI] MulA BN

References

[1]J. Mitola, Cognitive Radio: An integrated agent architecture
for software defined radio, Ph. D. dissertation, Royal
Institute of Technology(KTH), Stockholm, Sweden 2000.

[2] J. Mitola, “The software radio architecture,” IEEE
Communications Magazine, Vol. 33, Issue 5, pp. 26-38,
May 1995.

[3] M. M. Saleh, and H. Rallapall, “Quick detection and
assignment of spectrum hole in cognitive radio,” in
Proceedings of International Conference on Intelligent
Systems, Data Mining and Information Technology,
Bangkok: Thailand, pp. 124-127, April 2014.

[4] S. Tafazzoli, et al., “Cognitive radio handover in cellular
network,” International Journal of Computer Science
Issues, Vol. 11, Issue 2, No 1, pp. 44-55, March 2014.

[5] K. Lang, et. al., “Joint spectrum allocation and relay

o] Zl 0] (Jin-Yi Lee)

19854 S A Y Stm MAIZ 5D} (ZEAL
19884 S ACHEHD MAFZ 51D} (B4 A}
19944 A h Bt MALZ ELT} (JBHEIAL
199514 38 ~ ®X : H20Hs =t

s
Ho
=

ok

o El
rz
>

1

Ok
2]
El
e

A ROk Yo RMEA 2, CNS/ATM

327

selection in cellular cognitive radio networks,” in
Proceedings of The 5th Annual ICST Wireless Internet
Conference(WICON), Singapore: Singapore, pp. 1-8,
March 2010.

[6] J. Y. Lee, “A channel allocation scheme based on spectrum

hole prediction in cognitive radio wireless networks,” The
Journal of Korea Navigation Institute, Vol. 19, No. 4, pp.
318-322, Aug. 2015.

[7]1 J. Y. Lee, “Channel allocation using mobile mobility and

neural net spectrum hole prediction in cellular-based
wireless cognitive radio,” The Journal of Korea
Navigation Institute, Vol. 21, No. 4, pp. 347-352, Aug.
2017.

[81 J. C. Hull, Options, Futures, and Other Derivative

Securities, 2nd ed. Englewood Cliffs, NJ: Prentice-Hall,
1993.

www.koni.or.kr



