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Abstract This article considers a model of cooperative spectrum sharing between primary and secondary systems
in which transmission occurs in two phases. In this scheme, we introduce that a single secondary transmitter, ST,
employs a quadrature-phase-based signal to present the secondary message, while the primary message is presented
by an in-phase-based signal. This allows simultaneous spectrum sharing without mutual interference. Therefore, an
interference constraint is not necessary to protect primary operating performance from being degraded by the
secondary user operations. Theoretical analysis and Simulations are then provided to confirm the superiority of the
proposed scheme over the the current conventional methods.
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Fig. 1. System model

w3 A ho Fit ol5 AL A A2 vl
JdEHY 7'z mEHEE  he B
h,~ CN(0,d;") o] 9tk =&, A h, 9] o5& ;0]
oy, = b ol Tk A WA Az
gl A5H WAAE z )

14 $a00 R Agshs dAAE JoR Hdsta B
of EAE z, E5,2 FAEL. A W

EaN k= T,
A A EFM PTE PRI} BE kB2 g, & AF

=
—r

WA A7 &ReA ST7F 1A A58 42
o] Az 5 AHEsh= A WA ¢+ &9

o
THAA W 284 42 A9 PTE AdSS 29

Yin=— \/Pphixp,1+ni1 (1)

2] (DellM i PR, ST, SR| #<1 1, 2, 30|19 P, =
PTe] A% dEolth n, = o] 0, #4ko] 0°¢1 Ba
THPAIRE Fgroltk A (1ol F A ofel] A=
= 1,2 2 FoA g, ny; 2 AR S5 e} Wk

¥ yu ol dshs AL o s vl

N
o). WA A7k ERAA T 7 7}

I o=

T AE ol EAF A WAl 13} $Alde) 9

3 HEEE 3ol F HAE 23k ST 93] Mg

= Rolth A WA Z9oA PT A8 A5 1, |

AstA AdEsin PRE ot 22 2155 213t
Y12 = \/Fshlzp‘1+ N9 2

2
o} e S8 S AvEA Ahge] 57w u
Zhd Hoj v Ag 7S Bl dE A5E vt 2k



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)

Vol. 15, No. 1, pp.111=116, Feb. 28, 2015, pISSN 2289—-0238, elSSN 2289—-0246
- u Pm . Py Av) v AR Ao} fAEIT E, AF g, oo}
nh=wy = 9 + 2 xp,l (3)

o o 2.

4 vV Pp hynyy n v Pshiny,
o2 o?
Y= \ Pshsz, 1+ BPghsy + ny, )

2 QM we HAd W Aee] 7FEA HE oy

2 (5)9] e Bl A\gol AAEY BPg+ 0" O
w= R I'CE FAAH c= il As©] W BPas+ o

FoFITh Wk BPe> o7 9l A 14 2159 H3o) u

axE
}oT
M
A
M)
rlo
Iny
fr
N
2
D
=l

EF 1
ARG = AF O 714 7S nj= 1St} 13 A
R= dzag{E{|nH| },E{|n12|2}} diag{az, 02} o] 2 245 3o 7 e A I, 1ok 12} A
H 2d"o] WA A7} SRo|A AEHoz BaE AL 714
= L] 9 dEH 3} Fol A ot} Al '
* [] -] B2l djg 3o A7 Al AAE Faygic) upehA 23F Al2gle] AT g o tidt
Sy oM NS o A S vl T2 FolAH re! BPgy,
EPT«] AAL FAolth T WA A9 R WA A Az o 7S H= ngcssz & 0w ZojAL w
(T
FoA A9 Aes AFh ST A5 z, 9 A 58 5 gln
WAE B3 2 ARl AE 2 o FHE AEE A
gate] Pyl deoz AFdrt A% 2, = B4 S
S=AF Ol X7 QAN BB AHIEx DO
ol Spoll E2FEL 23 FAGNA = fPgWE v. =% A TS |° e AWES S5
ddEn 3 [0, 4 o) & FHAFTH2] o] F$ PRI 2 (7), (92 E3) SRJ% PRAIA 13}, 23} 250 s
FAEE AsE e gt 7HAo] MEAIRITE o] 79 7k A ~Elo| A Aol A7}
WAEE wesloks oleld HEe FHa|9ls
Y12 = (\/Pszp,p \/ﬁPszs)hﬁ Ny 4) R M= 12k A9} 23F A5 ahte] Aol E
Aol ~FEH Hee Y ~HEY IF VWS
PRI S 5418 A%y, 9y, 8 A vl 2ge AL olefd A5E F el Ha Ahde] six3
—~ 2 5= =) 2] = 5= =z O A} %
ol Buae, Aol ) 20 AFAE S A5 & ) VT ASE S 2% e A Y 4

=
%]_ 757]‘?‘ ‘?49] EA}X]% /\}—%@'—)F 9}“4— j—ab} Psﬁol 9}]\(_)_13:1 X—‘,E_ o/g. }n\li% 2']_ ﬂi% Ez:s:]_?:;l_q_
; P Py
o? Bk F5) 2 grhd [{= 2ty o
a a 1. 2t MZ9| BHS 2[8 2u fl& MS
2 %34 N _
R A5 94 AFE S}, Sp o) T FRolth neby =
2. 2%} AlSo| E5 A% SpE S US, 2 Aostth 9 2o B4
STE FA7)9} e d8ke Saeiy SRe 22k A5 e U avw Ael7] wiiel ARE s
o] 52 ALt SRS WA 13} A5E Bagor  REth Au A XE AR AEE ¥
A 1R gl o)g 43S geAATh o] Aol te gl aElEE §,E du A9 928 gholn g |
Aoy 0] AF AT g, 02 Foldnk o] AEEPRY A AT AFS FE GBS At



New Method of Cooperative Spectrum Sharing for Interference Mitigation

at1iz 7-'1:],12> 0
T.=
s _G+Z'Z7xp72<0

2 (6)0 4] xp‘2> 09 AS x5 Syl 23
T, ,< 0 24 AE, Spol 34
z, o9 Yot 52 FPEE =5 ST
gt dg Pgo] g &dsi 22 Aol gAY

BPdx, ff & AFEC 23 A5 A AL 13 A

T ox,,9 @l oEdnh olE ol
B\ BB, oo Py = BPs o17) whgolth 27 A%

o et A 2= fPele o] ghe 712 7t B
stk webd] T WA AZF SEAA PR FAlEE
B A5y, T o] HaHL,

Y12 = ( \/?S"’ % BP5a> hyx, @)
+iy/BPs|r, ofhy I {z )+ ny,

9;2 = Re {eﬁyu} (8

AgHTE ST7 54 1 A A 44 5w
NZrEFolA 23 FARe] SAHE AR g, of
geh e,

yp=(vPs+ VBPsa)hsz, ©)
tiy ﬁPS|xp<,2 5 s}+ T39

T 12
2BP vy ) |x .
= & S%EO{,LT' A (10)
B QﬁPSfyS(l—az)

2
g

w

OIREIX| & 24
=l A AlQkehks

A2 ok B SES P, | % FolAv T
b ol Eddn

o

P =Pr{R,< R Pr{R" po < R} (11)

out,p,1

+Pr{R, > pt}Pr{R””s< R}
A ADAA B = Llogy (14 177 o9} R, = 13
Azgle] A AgEolth, E, 1/49) ghe 21 QA
24 A% Azbe] Akt gl 3l AEE ofvlgi

WL 23k Al aEle] obREA] &HE pht s = T
gol 7% 4+ 9 |

Py o =1—Pr{R, > R,} (12)

X Pr{R[" > R, R} > R,,}



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 15, No. 1, pp.111=116, Feb. 28, 2015, pISSN 2289—-0238, elSSN 2289—-0246

uheA], 4 (11, 12)& S3f Al=se] A4 ok
A gEr AYd s

7LI> 77,;1

1—ex 70—2 X lexp|— st
P Xl e

out, 5,3

(13)

é;&u
SRR
)
Mo x
A
T
Oa_: rlo—r—‘
T — o
RS
oo T
DN~
w2
= 2
- > -
SN
rﬁl o
o =~ oy
Nfl:.%rz‘
o o, rf
Hdo & rlo

v

v= 408 B oi=132 #Houy

Q. |E
fo

QM
flo

3B, QAL R, R, = biH/s)2 Aot

pt

primary outage probability

pess i
[ Pautpl—theo
—— P, rsim

v P p,rSim

B,/d® =P./¢* =3dB,d5 =05

a3 2. (6 3ol ©E 1xt AJARIQ| OIRE|X| Ms
Fig. 2. Performance outage probability of
the primary system versus 8

9 2, 300 14k 23 Al sle] B ke WA o o
< 7 e okREA ES dEhilew 7b Ad
ds=0.5¢% 9, d,=0.5,0.7,0.9 o] 3 ZAE
79T gurdel ¥y AdEH =

Pr{R,> R} ¢ ko] Pr{R, < R, } Wt} S&3] 27
wolv}. 1E]ar do gro] A2 79 71Ee] 71l
= AlRkE AR G grol FUksHAl |k dvkabd

22k A 57 o] ek EAY 1A A E Aset
T 7] wEolth
=z : : :
é | l | il 1 il 1 i -
Z 08 e e [
£ Py sim |
=06 :
& v s esim
E
° 04
"‘: ‘green: dQ—O
g 02 lue: dy= -
: V ‘A vvv -7
0 L L L L L L
0 1 2 3 4 5 6 7

P,/a® = P,/o* = 3dB,d5 = 0.5

a8 3. 5 ol o2 2kt AlA”IS| OFRE|X] M5
Fig. 3. Performance outage probability of
the secondary system versus

22} Al 2=gle] of2E|A] SE-2 17 49
o 3< 1/p,, & W, B7F S7HE AS 71 71
oFXE|A] e AIQEE Wl HlE] Aol
ole| g o= AlItE 7ol &4 AAE A
wolth & 3> 1/p, & W B7F T/ AS 7
718l e starEm Aletd 7o) e FdES

i 27 Al 13 AEE

3 7] wolth agER V)&

o] ZIReA fo] g& ®mAsr] Slald 0 <A Fho
wJo]of EPE} SR ARk 7o) A B kel 8 WS
28] 22} Al 2=gle] tf gk of

=1
(o
i)
2
1o (o

o = A=

V. 22
B wRAAE 24 Aado] 13 Al2g AEE 4%
AV el e 2 4 Qe 9 9= B
o] Az waE AASLh 14 A28 23 A
s

[
o
lo
[}
<
o
X
b o
i
lo
oft
%
~N
riN
lo,
~
it
=2
=
:Eg‘



New Method of Cooperative Spectrum Sharing for Interference Mitigation

References

[1] Y. Han, A. Pandharipande, S. H. Ting, "Cooperative
spectrum sharing via controlled anmplify—and-forward
relaying,” in Personal, Indoor and Mobile Radio
Communications, 2008. PIMRC 2008. IEEE 19th
International Symposium on, 2008, pp. 1-5.

[2] H Yang, A. Pandharipande, S. H. Ting, "Cooperative
decode—andforward relaying for secondary spectrum
access,” Wireless Communications, IEEE Transactions
on, vol. 8 pp. 4945-4950, 2009.

[B] H Yang, S. H Ting, A. Pandharipande,
"Cooperative Spectrum Sharing with Distributed
Secondary User Selection,” in Communications
(ICC), 2010 IEEE International Conference on, 2010,
pp. 1-5.

[4 H Yang, S. H Ting, A. Pandharipande,
"Cooperative Spectrum Sharing Protocol with
Secondary User Selection,” Wireless Communications,
IEEE Transactions on, vol. 9, pp. 2914-2923.

[6] H Yang, S. H Ting, A. Pandharipande,
"Cooperative Spectrum Sharing Protocol with
Selective Relaying System,” Communications, IEEE
Transactions on, vol. 60, pp. 62-67, 2012.

[6] Q. Li, S. H Ting, A. Pandharipande, M. Motani,
"Cooperate—and—Access Spectrum Sharing with
ARQ-Based Primary Systems,” Communications,
IEEE Transactions on, vol. 60, pp. 2861-2871, 2012.

[71 H Yang, S. H. Ting, M. Motani, A. Pandharipande,
"On throughput and delay scaling with cooperative
spectrum sharing,” in Information Theory Proceedings
(ISIT), 2011 IEEE International Symposium on,
2011, pp. 821-825.

[8] K J. Kim, T. Q. Duong, N. Tran, "Performance
Analysis of Cognitive Spectrum-Sharing Single-Carrier
Systems with Relay Selection,” Signal Processing,
IEEE Transactions on, vol. PP, pp. 1-1, 2012.

[9] L. Wei Dang, G. Yi, S. H. Ting, W. Xuan Li, Z. Nai
Tong, "Cooperative OFDM Relaying for Opportunistic
Spectrum Sharing: Protocol Design and Resource
Allocation,” Wireless Communications, IEEE Transactions

on, vol. 11, pp. 2126-2135, 2012.

[10] T. Duong, D. da Costa, T. Tsiftsis, C.Zhong, A.
Nallanthan, "Outage and Diversity of Cognitive
Relaying Systems under Spectrum Sharing
Environments in Nakagami-m Fading,” Communications
Letters, IEEE, vol. PP, pp. 1-4, 2012.

[11] M. Xia and S. Aissa, "Cooperative AF Relaying in
Spectrum-Sharing  Systems: Outage Probability
Analysis under Co-Channel Interferences and Relay
Selection,” Communications, IEEE Transactions on,
vol. PP, pp. 1-11, 2012.

KXp A4

1939 2€ : New York Institute of
Technology(7]=7) A48k} Shat
1991 29 : Polytechnic University

(v)=h) AR} g5t} AL
199643 29 : Polytechnic University
(=) AR} g3tz whal
- 19964 ~ 1996 1 LGAA PCSE %
+ 1996 ~ 1998 1 LG A} 374
A A
1998 ~ &A| ¢ AL W7 AR A 2~ E g e g
<FIAEoE: BREHA, Ad F3) v 9 4 7,
FEEAl, A ES] -

- 116 -



