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ABSTRACT

In cognitive radio networks, a secondary user opportunistically accesses an empty channel based on
periodic sensing results for avoiding possible interference to the primary users. However, local sensing does
not guarantee the full protection of the primary users because hidden primary receivers may exist within the
interference range of the secondary transmitter. To protect primary systems and simultaneously to maximize
utilization of the secondary users, we need to derive carefully designed coexistence solutions for various
network scenarios. In this paper, we propose coexistence conditions without any harmful interference in
accordance with the uplink/downlink schedule and user position. We have classified the coexistence conditions
into four different scenario cases depending on the provided information to the secondary network
basestations. Computer simulation results demonstrated that the proposed method can be applied to the real

cognitive radio system to improve the communication probability of CR devices.
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Fig. 1. Example of selection interference-free channel.
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(d|  Uplink Uplink d(SB, ST, )+ 1, , <d(SB, PB) (8B, PB) > 1"+ 1"
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o)t T4 1A V=] E Fus o] g e

T olgehl Hrk Hlah vEEs b e

=] uplink/downlink &A1& 32> F 29| (a)-(d)
of zro] W] 7 Z FAE = olck 2= vl
R EE EV R SR ER F 4 2
7] $1gk =78 9w 1“}34 Zi(ii) °17} v E

TE

EASCES %’ﬂﬁ 27 ()2 (11)3 E/‘] ] U&é—‘s}
= el AsE 5 Stk Cls S, U 2
v]el7} Lﬂ__-rl?_U]— I downlink&! 7% (3F 29
@ 2k 220E D] A Bkl 5
A7) downlink®] 7% wlglsb F|A|se] Hrw,
ulelrk Z1AFe] 2 Wel 1 A AE o)
S40] e Wk AR e wAA e
AR FAE Fasiofol 3Tk case Ioll4= ©f
2lat g e el <) AkAe] 91AE o
S 7] Wl 7 Hote] Agkal o} MEH=
o] 7 Aol lvhs Ae okl 2 wlel
7} ¢*171(H1° 7} AAT A "ozl Wt A
Ae] Ael d(sB.PB)- 1" 7} Wk webd 74
S FA 9= 7y,j, Wele 1°<d(sB, PB)—T"
Z3ES Al A WslE 24
sfofo} ghrh +7d(")% FAME W= A5 Wt
SA71e sl 7Hde HEA] @A gAle] rhssdh Hl
A7b AREARe] $1A 2A1e] ®rk downlinke] 7

W1 FAIE W AT HEE, W AR
o) 2H4 Wel 7} e} MER =) mAs Y
A d(sp.pB)— 17 el ¥R} AHEAFEe] $144)
of g} weba] B4l 7Pk wlelsl AMgRte] 915
Z2718 d(SB, SU, ) <d(SB, PB,)— I °] Xt} vzt

7HRE F 29 b), (©), ()2 A= ¢} e v
Alo g F7le] Faflxlck

of

BN

E 3. vgl7 vEY 3] B4 24 (case IN)

Secondary Primary

Network Network

Primary
schedule f¢————————Superframe (M)———>
Downlink Uplink
. u
T T
Secondary
schedule [¢———————Superframe (N}———>
(A) SU1,SU, SU3 SU1,SU,, SU3
Downlink Uplink
TDL TLL
(B) SU;
Uplink Downlink
Tl'l. TDL

a2l 3. case I2] TDMA ©lA]
Fig. 3. Example of TDMA in case L

I3 32 case 1] TDMA ofAlo|tt 13le|A]
T 71AE] ZHIEE 11 (F AE 1ol 1o,
ZHdRlEe] LR Fdste, vzt 7R =2 v)]l
7} ARgAEE 7k Arle 47 1, 6, 100tk <L}
71A= PB.2] m™A Superframeell4], downlink -
74} uplink 77ke] Aole= #A2F i3 TIR R
Algtsiek olell wf-gsh= BI’lZE 7|1Al= 9B nHl
A Superframe -5t (A) downlink - uplink 4]
VA (70 = T0f, T =150, 5 (B) uplink
_ downlink A8l A (170 = T, TV = 1P
7} = 5 9ltk (A)®] downlink 77FellA] BIQIZ}
1A= E 2-(@)2] A o8, Bzt AR}
S, SU,, SU Al FA18 5 9) 2w, uplink 77+
M E 2-(d)e] Al 2El, 2= Bllrb AR
2k Su,, SU,, SU7F $A418 = glch vk (B)<9)
o‘T‘oﬂt_ uplink 77rellA] & 2-(b)2] Aol <3,
Hlel7}h ARgxl sy wke]l uplink & glen,

Table 3. Communication conditions in secondary network (case II).

f:ﬁ::ilye Ssiﬁ‘;‘izy Condition (i) Condition (ii)
()| Downlink | Downlink L <d(SB, PB) 7’ d(PB, SU, ) > 1"
(b)| Downlink Uplink d(PBJ, SU )1 > T d(SB, PB) > 1
(©)| Uplink Downlink I, < d(SB PB, ) d(PB, SU, ) > T+ 17
(d|  Uplink Uplink d(PB, SU, ) > d(SB, PB) > T+ 1"
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downlink 7rellA 3 2-(c)9] 2Ae| 23], v]alr}
71A52] downlink A1&E w]Ql7} AMSA} BF 5
Al 4= ik whebd case 19] WIS/} W|ES =
(A)E} 7o)l A7FE ~AIEsR= 7ol (B)o] AR
o} £ Adde] Frk

3.3.2. case lI: Uplink/Downlink &2} djel

7t ARBAL fIx] HEES QXIS ALt

case I+ case 114 <1%] 7]—l‘—fﬂ- 7} vEY =
2] uplink/downlink ~7A|& A RE¥=RE olz} v]elr}
AFeAE2] A3 9% ARE Zr)Ho R A|Fwr
ore 792] Auelooleh o] Agelw HE wgl
Al A A7 S 7k b
el Alel 38 5121 AR Lk 3]
of] case 13} 7o) Z|ote] Akshe 7P vt o)
o (5, 7F ARgAREe] ‘ﬂ7} Lﬂ,;rJfL-/] 7Pl
o f1xghekar 7H4). apx|Rt vllz} ARgAkel /17b
7|25 7ke] Al AR d(PB, SUL,)7F SR
]%Ea I QlerR case IXH 2AF AHHRES
ok Jg-wel ZeAel I EF4AE Al
H

(o3

ek

H
T 2tk case Ioxe} v IAE ~AlE A
Z3el wE vlelZt vEH=S] $A 24 %
I Fo] vepd & itk w7l WES =T}
downlink?! (a)¢} (c)2] ZA-gelxe] =74 @) Bl
7} MEY =7} uplinkd] (b)2} (d)2] 7-$ellAe] =
7 ()= case I3} FU3lc}. thit case I+ B|QI7}
AREARe] AERgE fIX|AA| R Ql3led, case IofA|<}
ol gA) wllZb AREAPE Q7 vlES =S} 7
<A $1A1el stk 7ol E2ashA ok
13 4% case 119 W8k TDMA <AS HoE
th. (A)2] 7%, downlink TZtellA] W17} 7]
o 3@l 2AEE WEsRe v} AR
SU,, SU,, SUIA AZr 2R1S 2~AEE 5 9l
uplink 7lellAls & 3-@)°] 2AES W3
vlal7t ARAL su, sU,, sUplAl 3 AR AR

2AES 4 Qlok wbd, B)ollA+=, uplink

= ol o

W

r s

;

tlo

E 4. v/t MEY=S] A 24 (case 100)

749 T 30 AL o5 njart AAE
Su,, sugmEte] w9 AZF ARIS 283 gl
downlink 1 7% ¥ 3-0)°] 285l ola) wlalr}
AHAVS sU, suel R AR ARIE AR S
olrt. case I3 FAFSHAl case 119] 7-%-ell%, (A)7}
B)Er} o g AuAE AVeA ek e
case 11 case Iol H|ai4] (B)2] % uplink 7%+
oA syt Zhesii|l Al ®ls] uplink,
downlinkell4] 7Fs8F B4l ARAPL ST, SU SR
oA =k

Secondary Primary
Network Network

N

SU; ./'\
°

SB;

Primary
schedule [¢—————Superframe (M)—— >
Downlink Uplink
DL UL
Tim 7.
Secondary
schedule [¢———Superframe (N)—— >
(A) SU1,SU>, SUs SU1,SU, SU3
Downlink Uplink
TDL TLL
(B) SU4,SU3 SU1,SUs
Uplink Downlink
T o

T2l 4. case I12] TDMA ©iA]
Fig. 4. Example of TDMA in case IL

3.3.3. case llI: Uplink/Downlink M22} 217}

AR /x| MEE QXS ALz

case III-> case 119 7392} HI= <7} ARgA}
o ek 914 Ausk ATHE Aol A
wlelsh AbaAle] AEE 91HE QXS sl
alol A4 arh AgAle) kg mAE slal
ol W Hete) 49 (% b 2wl g

Table 4. Communication conditions in secondary network (case III).

iﬁf;ﬁ S;gliﬁzy Condition (i) Condition (i)
(a)| Downlink | Downlink L <d($B, PB)—T" d(PB, SU, ) > 1"
(b)| Downlink Uplink d(PB] SU. )1, >T" d(SB, PB) > II
(¢)|  Uplink Downlink I, < (SB PB) d(PB, SU, ) > T+ 1"
(d)|  Uplink Uplink d(PB;, SU, ) > d(SB, PB,) > 7;1’+ If’
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) AS 2AE E AR $12] ARE o] 47 A A vMlEAZ] 4 o 3y

o
i
T
(e}
0,

ZE]aL v|_l7} 71A=e] A A el $1AIdchE 7F olw|gltl. (A)ell4] downlink, uplink 77 =5 X
A& Ja7t olek case Iell vl v]Q7F 71*] =3} = AR FRbellA B w17 ARGRLelA] AIZE A}
A7t AREAE Atele] A=l AR d(sB, pU, )2t A7} A& 8 7bssiek B)ellA PU el downlink Sh=
Z\A=} Q17} AL} Alole] AR AMd(PB, PU,,) TF7elM= STpRte] AIZE ARS ] el
g o] Al fIAgF 7} ARSALES] Aol ulE PU,7} downlink 3h= F7rellX= SU Rte] A7k =}
7 W) )R AR slelel s B4 246 s s 5 3)em, PU7F downlink Tkl
o] &3 4= Sl Sellx] AHEl ARl e} vk Ae BE HRZE AP SAl7Fsdkch mst
THRAIZ M 7] 2AlE 3l wE B4 2ES PU,°] uplink 7ZtellA= SU Rke] AIZF AH1S &
3 4el] eI, e S gla 28] FRlelde RE Bl A
SA}F Al Fsslt) olel’t FAkEelA] vl”lvt 7]
em— Primary A T4l 7hs’E AREAbAARE AIZE ARdE ul
Network Network B3t 5 92 zAFol gk} 3t case M=
case I, 119} W|aL HH B4 7158 AR} n]$o)

1:1 lzo]Jd e ol— 11;}_

3.3.4. case IV: Uplink/Downlink A&e} =
£ AKX x| HEE QXS ALZ|R

case IVE oA AAF3leidl ~A|= AREAE o}
_]

Py S ek wislk L Q) AbgAle] €A AR mrd
PU; ‘ PU, ‘ PU; | PU ‘ PU, ‘ PU; s A9l AV es vepdch = oE W
T T 2l 7k AREALe} wIlZE AREAL Abele] Az A
Secondary ¥ d(SU,,, PU )R RS dRirEE SRR e
T T e T e [ [ o] 2 ol§% 4 glrk WAl AkeleSst v
Dok oIk 2 7R A Eipel me sl 2 £ 5
®) sum‘ su1 ‘ all all ‘ s; ‘ al o ep At
T Do a3 62 case IV TDMA OlAlE HojErl
case IVollAl= SkAe] Al eE5d= of2A|, =5
EI-Z;! 55.C§izrlllglil OTfDTI‘\]g?/IS]?I]l case III. /\]‘%—Z}'g] ‘C'q] ] = EI—JVZ“ Cﬂ;qu“} T 9\1]\7 ] “H“l“’” = O—]F
o s 7HE dar) gick & dlelx= 7t
I3 5% case IMI°] TDMA ©AE HolFErh AHEA}S0] RE A7F FollA] wlelz} Alex) m
case IelA= I7F VBRI =] 7K rPU,,), <A 7F -S4l ARde kS 4 gloh meba] wlelvt
uplink®} downlinkE 3 %] & 4= i) wlelA 71222 (A9} B) = T old At 2AES Al
H|Zb 7122 o7 AHARES] did Al A E‘%’c‘v}ﬂa‘r 100% &4 7FsdE fA 4 9l
Bl weh oL AR kel Eale] Z1sEk H]Qlrh case I W3 A4l FFE neh AHHEA & 5
ARSARERIAl B A7 AR 5 gl o A =t
714 all2 B= v|_l7F ARgAREe] 4 TFe ik
E 5. vlel7F vEH =Y EA 27 (case IV)
Table 5. Communication conditions in secondary network (case IV).
iﬁ:ﬁlye S:C‘;:’e‘ﬁzy Condition (i) Condition  (ii)
(@)| Downlink | Downlink I, <d(SB, PU, ) d(PB, SU, ) > 1,
(b)| Downlink Uplink I, < (SUH,,PU ) d(SB, PB) > 1,
(¢)|  Uplink Downlink I, <d(SB, PB) sy, . PU; ) > 1,
(d)|  Uplink Uplink I, <d(PB, SU, ) d(SB, PU, ) > 1,
197
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Secondary Primary
Network Network

Primary
schedule +—————————Superframe (M}—>
PU; ‘ PU, ‘ PU, | PU, ‘ PU, ‘ PU;
o T
Secondary
schedule [¢———Superframe (N)——— >
@ | an ‘ all ‘ all all all al
Downlink Uplink
TDL T“
(B) all all ‘ all all all all
Uplink Downlink
T o

2] 6. case IVS] TDMA |4
Fig. 6. Example of TDMA in case IV.

V. 2ol

i

B e BUPE Fa) A TE e

of 3 Aee Wb H RAE % 62 meod
ol A8l speprlel S vehiic,

E 6. ZoAlY sEvE
Table 6. Simulation parameters.
Parameter Value
7;." 100 m
77 10 m ~ 200 m
d(SB, PB,) 100 m ~ 500 m
Nov, Npu,, 1,000 / 1,000
« 1.1

A HW7HE I8, AgedAe Q2 wklyt
71Al=re] vbd 8l$& (Ratio of Radius)®} <7} ¥
v]|el7} 7|1X|=- 7F A2l Bl (Ratio of Distance)<
vehll= SlRbrlelE o]8slslen, o]F HIEE2
Hste] w2l §Al 7FssE vy ARSAES] BlE
(Ratio of SUs (%)= ZAslich v wv|&-S
7/ T elPlske, o714 7= 100 mE 1AE
o] 9l 7' (017f, 2077 W9l (10 m~200
m) WellA W3h= Fholoh v ulge] 12l 79+
vjel7t 71A=3 Ql7b 7|A=e] bl 2e- g
= ovigeh AP wlee (9B, PB)- T/ 7=

198

(¢3

ejuist, 714 d(sB, PB)= (17, T/+21°) W
21 (100 m~500 m) WellA W3l= greleh Ae
Hlgo] 18 9= Q7 2 31017} AT 7F A
7] vl 4}1 A= 7 olulgic}) wheha]
AL o7t vES =} vyl vEH=SY ASE
W27t AX= 7% (Ratio of Distance < 1)} 7
A = 749~ (Ratio of Distance > 1) 55 %
ghgtke) ol7F 2 w]ely} ARER}Y] (W, SUY PU )1—
=t} 1,000 NE zAsIIch w3k S w9 of

& 7 WS dehlE Al=a - Dol A W)
H()E 1152 78tz /\Eﬁj:‘s}gir:}.
h~@EhFL ol A7 st

=)
oA FARE U] 71A] AlvbE] 2l gk 5%
Halth (vhee HAe Al X3 27| 9lsl
Z} case 2 <l7} WIEY =7} downlink—uplink =
TAE Aol A, (A) B]el7} YEY =7} downlink
—uplink A2 ~AE 3 A9 =4 A3} (B)
v]el7} V| ES] =7} uplink—downlink =02 7%
gl 7Aoo =x] Ax= nwil} wal oppek £A
o wF 5 vlak A8 B8 Ratio of
Duplex SUs (%))g Roldtlh »HX|=teg whak
Azfn] 2 wbgnle] wEl HA-sE AlSS AE-
gk of|A] A¥E HolFrk

w3k AgollA case 119} case IV 73+ 7+
A7t ARgAE} ke FAl Ths v|_IZE ARSAL )
o] QA Hr}. wWEbA case 13 9] 799} 22>
Ad3t 7L 3l case NI case IVY 7H5+=
= o7} AREA}9] downlink 735 ¥3F A}
Al downlink T4+, Hhﬂ]i RE Ql7} ARgA}e]
plink o 7395 3t A2} A uwplink 77+
vSkEE 3hick

2 ofl o

=

o

(Zh Primary: Downlink, Secondary: Downlink

a3 7’ ®H owMjelyl vESE BER
downlink & 7% Azln]e} vkAan]d] = EAl 7}
59 wlelr A8 Blgg deis. sz} 717
2] $Alo]] o7k o3k A w7} 22 case 13 119
a=Z7} vsRt s #sla, case I IV
gl Z7} fAksleh case IIIS} case IMIJIVE] Xfo]
£ wlelh AAF HAE s wele] e
of WHAIEI} 2 case Q| A% el AREREO
SAZ wlarh vESIs b AR ) =
=38 AAR A F= v, case 1IJIVE] 7
T S AR e 7F ARERRe] AR 914
= URBP] witel] Broh g4l WHelE 2ok g
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= ¥|I7F 7A=o 258 17} 7|A]=2] 7H4
H7E vix= HdAR] He iR ECE 3k v
A7} Mulzs s FAl 7 HIE Ak b,
case I/IVE= 27} 7|A|=2] 41 W97} w]Rl7t 7]
A=) AMu) g3 wAbEE s AlQg o
o] Exl 7}s We7F Fok 53] case 13 119
Aol S T2 @71 sl vz 1A=
7] W97t o7 vEY =) B4l wbES WA o
5 A 2He A8k gk vl A= 7k
A=Ir]7E 031 735 BAl 7Fs BlEe] 0%s ARt
2 At S S 269E =Y 7
EA 7Fs v]lgo] Z713k) v case P VY
g zel A= wEu)7E 0918} =23, ARE]rt 0.6
Hr 2hs A5 $Al 7hs wlEe] 100%04 3
gk 53], Apzh oola wbEulzE 29l A%
case MIGAE B4 715 w80 71 Y& 23.1%,
case IVolde 73%7} @8 & 5 Qlvt &l 73t
N FAl 7Fs Blgo] "Rz o]f= vlel7} 7]
A=2] M2 AR Aol 1kl b UIES =S
4 WS A=l AAl w|7E 7|AFe]
downlink & = )= F41 W= WA 7] o

wolth. 1 9] FRlelAE BF 100%ES FAIE

£odr

(a) case |

II L
U\

Ratio of SUs (%)

Ratio of SUs (%)
5 8 8
Ratio of SUs (%)

no B

0 ° [
Ratio of Distance Ratio of Radius Ratio of Distance Ratio of Radius

J2! 7. P:Downlink, S:Downlink 413723}
Fig. 7. Results in P:Downlink, S:Downlink.

(4P Primary: Downlink, Secondary: Uplink
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E=7} uplink o 92| AgAe|ch case 13
19| 79 tAA o= vbdn] Wslel] Adatgle] Az
H7E S7RRE Al The mlEe] Sk ']

case 17} I19] zlo|= HIEE] 7]87|olA Ao|& X
ol=tl, o7 case 19 7d-= A7l Sl
wiz} FAl 7Fe vlEe] vz} A=) v’z A
42k 7F Aol Algell nlEEiA STl Ha
case I19] 73-%+= v]3l7} B Z2] dHefx] a7}
7\ A=3 vj_l7E AREAE Afele] AR uks Wl of o
o el Z7el] wlEeleh & case 19} Mol
A Blgo] 0% FE-2 o7} 7R 7 Al
Zoll oJsfjx] oJekS wk= WSl el vislzb 71A]=;
o] fIx[3}7| ulstolctk case 1= 7|A|= 7+ Agw]
7} 2.10]Ak case I+ 2.00]Ate] = 75 100%°l|
=g} case MM IV 9= ubgu|z} 104
o|laL Azlr]7} 1.10]3k1 A, 5 vkl M ES=
o} 7} vES=7F AR Aee]a v|Qlyt 7]A|=

o] Wkgo] Ql7} 7X|=te] wdrr}l AR 75 B4l
Hgo] zradlt) o)7L nlelrh vlES =] Hbge]

AAA Q7 VESIAZR s o Wel wx]7]
wjFo]t) case IV 7§l case Il vl&l] E
2= wlge] 55 o  qlrk AR o] A%
FAl 7 vlge] Eolerhes YvlolARE, Aul~
Qo] AdeEM Hrh B2 FAl ARS8
s 4 oA ok

(a) case | (b) case Il

et
OSSN
RO SSCS S ST
R
LTRSS
’A\"\‘y\"‘\“‘“
AL
o g

Ratio of SUs (%)
Ratio of SUs (%)
wo B 8 8 8 B

) 0

Ratio of Distance Ratio of Radius Ratio of Distance Ratio of Radius

(c)case lll (d) case IV

Ratio of SUs (%)

Ratio of SUs (%)
wo B 8 8 8 B

1

7

Ratio of Distance Ratio of Radius Ratio of Distance Ratio of Radius

T2l 8. P:Downlink, S:Uplink 41343}
Fig. 8. Results in P:Downlink, S:Uplink.

(D Primary: Uplink, Secondary: Downlink

a3 9 a7} vEY =7} uplink, B]GIZ} UES
=7} downlink 73-%-9] AgAFe|vk case I3} 1I
o A$E Wt AHAPE At dEsIEe] Al
AR APe ] el AWk ALgAll o
s 7M1 WSl Sl s ) weE g
Aspr) ), o] Ash 2k Gl w1} 71
& & Bp> TP+l 3 3R Helel $1AI3A
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S 75 B4l ks vlge] 0%7) ¥Ick A A
7} 9l 28 Sl 7dgol skl Ay Eoub
7Jo] ZE Exl 7bs vlEo] F718kt) case
I3 18] 749 &4l 7Fs vlE°] 100%7F == 77k
= (=4 2, ¥gu] 1L.DellA (=] 1.6, BFEH]
2)el| adshk= =2kel Fzte] Er)h a2|al case 119
745 case 19] FejHc} o =& 7127]E HERY
3, case 11Xt} o] & A52 Helrh ¥bH case
M= Ve A5 vel7t 71A1=1] 74 WHSlE e
F-ERE 100% ©lsk® EAl 7V vlEo] "elx|a,
2 9] BE FEellA Al 7Fs Bl 100%E f
ZZe} case I3} IVollA] wlal7} 7|A|=2] ZHA]
Aol oJafx] ek o] <l7) Z|AFo|uR
1A= ZF A= ) 7AWl Eohs
Aoklchs 2718 7HAA o} uepx 9] 27108
HESIA] o= 2E (HPER] 09914, A=IH] 0.69]
3he B4 7Fs Hlgo] 100%l4] WA =}
w3k 1 FFtellA 23} case I IVE] 1| =7}
Aoz A =4 w_l7) 7|x=e] ] Alsot
Z1A5F ZF A-lellnt 33e vwx|7] wjteltk

(a)case | (b) case Il

"0» OCRIEX XK
s
[RSEES IS
Y

Ratio of SUs (%)
o B &8 8 8 8

05

Ratio of Distance Ratio of Radius

Ratio of Radius
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(c)case Ill (d) case IV
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"’ \
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05 e 05
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) 2 15 ) 2
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T2l 9. P:Uplink, S:Downlink 21§43}
Fig. 9. Results in P:Uplink, S:Downlink.

(2 Primary: Uplink, Secondary: Uplink
13 102 97} ¥ w]el7l YEY = 2% uplink
o] AgAae|rt. case 13 18] ¢ 7125
7} o7} MES =S w7 9SO
Furt 2R Pl = FA 7Fs vlEe] 0%
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o

200
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upzpa] wkek Az|zl dAstal W] AA
Al 7Fs BlE (1/ 707l wlEste] g Wizt A
ALE EX 71 v]go] "Wolxlv) vbd case 119}
IVe] 7-5== u|el7t AREAle] 14 <
d(PB,SU, ) > 1, ZA% WEshs A8t B4
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