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The power control algorithm of mobile cognitive users in cognitive radio

YANG Guanglong ,TAN Xuezhi , WANG Xiao

( Communication Research Center, Harbin Institute of Technology, 150001 Harbin, China)

Abstract : The traditional power control problems of cognitive radio are based on the situation that the position
of cognitive user is unchanged. This paper has done a lot of work on the power control problems of mobile CR
users. First of all, we analyze various communication situation and sort with normalization, establish general
communication model which highly simplifies the interference estimation and power control algorithm;
Secondly, according to the mobility of the CR users, the function expression of the interference of PR user,
moving distance and the vector direction of CR user which realized the real-time prediction of interference from
CR to PR users is deduced. Finally the power control of the cognitive users is realized according to the
prediction result by minimum transmission power norm. The simulation result shows that the algorithm can
control the transmitting power of CR users timely and efficiently which can save 20% for the power
consumption compared with the fixed step power control algorithm.

Keywords: cognitive radio; underlay; power control; general communication model

NHITCL AR SE 1 A A0 P AR
FNFEHLIZE AU P23 RS AT fe 4t v A A
R LR B IR S BUR AT LA R A YL
INHITCE ARG 3 52 ] 7 koo 3 28 B A
3 (Overlay ) . F # 3L ( Underlay ) ., 3¢ 41 5
(Interweave ) . 7E3E 70 2052 F P fa] L3 A

KR EHEA: 2012-11-23.

EEWE: BXARPERESEIITH (61071104) ; W15 M{EE
4 5 43 e B R B 5 S 8 R A R B 3 (1TD-
U12004/K1260010).

1EEBN: ) (1980—) 5 H-+irssd:
2R (1957—) , 99 308 A S0

BEEE . H2EIE  tanxz1957@ hit.edu.cn.

2 AU P TN T AR R
H, R 2 BB AR 1 4 24
R AR A A A, DR P i A 2 2 )
A G B AU T

P17 B A JC 4 L e R AR TR DR
AR B B I AR AR o B
. EHE a b e 3 BB P
SR AN [ B Dy R P i 8 A P R S Sl 3R Y
BT, Py NEBUN P (Co, NI P A2 5
JG\Co, RTINS TT. N T DU H
R @ DA A A E RS X B
AT, Rl R AR T RGEREFE. HINFH -



.24 . MR

W

T

N

L
&3

EN i 55 46 5

n2
F

RS I /N BEAE L RE S I A% 3l TP #4 4
IFIR], RS BR OEHT HRAR S,

1 —MEARP, mNAST SN EFER G =R

TES H L8 A0S a5 T2k P28, D484 il i)
FIR 2 5T ) 1 global system for mobile
communications ( GSM ) TR 7, 1800 M T+
HLEAT 15 DIERGGHL K R TIRI2E 2 dB,
GSM FE3# 3 3 47 SACCH {1845 il T HLR A
[l &G g 4 GSM H R A I T s A
AR P RE G 1] B A S8 X A% s T P AT
DhAaged], IRt 215 RERYVE .

A JLAR IR TR F, r 8 S 345 il 1]l
R AR SR 16 ]38 T s AR
it 22 Bk OT A A REFEAY ), (H= B BT R
ABEAY. F T R AR RE % 42 2 0 A %,
SRE G A P T T e AT DA
AURERE. SCHR[ 17 ] 7B A9 A LART 7 B WL A5, L Fili
TR TN P ol A S DX, ORI B IR TR
i TR T ELABR IS B8 A R P 1 A7 e T S AN 78
f, AT 5 RN P R R Sl k. SOk [ 18 ] B
FETAHH P B D 2R LY [ 3L, 482 2 AUH - v]
LATE 3807 9475 M Lo (SNR) | LA IR 5 B2 AU P
(R GT . SCHR[ 19 58 T 7€ Ad hoe 4% F
AU P R P 388 15 A A i (R, 2K B>
AR P4 8 LU A AR % B DR, A ) 4% 1 A%
g AR A R — A Y. BRI A TR T
FAUH P AR A2 A P8 H Z 18] B R B G
F. SCHR[ 20 ] A 2R B R A A5 X, 4 5 A
M P AL REARIER, 208 T ARSI 3 T
FAH A7 ik i R Ay 2 A2 22 18] SEBR AR TG &
ARG AN i [6) 2R FH 18] 8 2 6 T 1
MR DR HIRE S L A XE LR R, AR S
TERT AR HERE AT et , 3210 5 TR sh H
JF RS BB R s B <t T ) Y A Sh DR i A
7 automatic power control-distance vector ( APC-

DV). ARSCIREEHIFE HAUT

1) 76 AP R T A P BA
RS S, B Blid Rt 2 A T

2) N FE AR UE T 15 B i Y A4 T, SR H]
LA ST IR AR RE

1 R A E B 4

Bl 1 Hiix ¢, AL E AR BRI A, C, B Py,
M ELEE N, C, B C, WEZEE N r, 76
RAGRIBRT U5 V12 A] LRI
P. =P, GGhh/d"
Hrp pONBGE S TR, P, Cp R STIIR G,
G, 53500 R K SR MCR L 38 25, h, A1 R, 53-5)
R RS R S R 4 ) 1 B, R S i N4 WS i
ZI PR o AR TIFES AL
FESCEAUH P W TR TTRRN P, , N4
WO P ) B NI T TBR A S, Tl AR A 451
P.=S,,
P, <P,,
P"" <P <P™.
K. PN C MRS DIR G AR S5 SCPRE]
RNHH PR DI, PR Cp R STER
Zoad BRI S5 SCPR B A BB P TR P Al
P 535108 C B AUV S NI R R S E 2.
BB HE W K2 i IR 2 1) 15 2 i BE 4 il A
7], AT 2 5453 Py, Cp, A IHEISAE 5 D3R

(1)

272
Pr) :PolGlGr : ra’ (2)
: (rl)
hih}
Pro = Pct GtGr : r(,’ (3)
(rz)
(BB Py, (Cp, E [ E A,
EX1 iss
Cp PLEAZE 5.
EX 2 hEYR

Cr, VA HR TR S 52
BEGETHhREHE X
AT, C, MIXTT Py, Cp, WA E
AR | FEAR SO RS AN ] I R E A R
42 (GPS) s HoAth i 7 7 5083k 4% B O B A5
BB R BENE IE T — 438 4 4 E S A
R =R VA (=5 P B < o By ([

1) MG B 3B B B A B s

2) MHE=(2) #(3) HE P, P,

3) WP, =S, 5P, <P, HP"<P, <P™
IS ST, AR/ N P & S o ) sy
BT B U 5 D 2 A P R e o 3 ik

11



51 Ik,

2 ARG RS SR P D) 34 i 05 vk 25

1755

4) kP, <S, 5P, <P, 5P"<P, <P
R BT, AR A 7 A S 28 P &S
BRSSP A B D23 AT P ) FH e 2y 38 3
1755

5) Wk P, > P, KSR B R/ ME R
PEACHG IR P & S B 28, 7 e S o R kA
hnid A,

i) ke, >pr,5pP,=pP" R BT,C
PR P 2545

i) wRp, =5, 5P, <P, 5P, = P™ I
BT, NI PR R S8 P, = P i AT
B4

i) WP, =S, 5P, <P, 5P™<P, <P™
RIS BT, A A T B3 e L & S D 3 A
VRSN @ E STy E

6) WmEkpr, <S, 5P, <P, 5P, =P
BT, SRPTAHH P & 33t

7)) wmkP, =S, 5P, >P, 5P, = P
BT, SRPTAHH P & 33t

8) MR P, <S, 5P, > P, R, KM
NI IR 2R
12 BENAPHSHETHEREREZ

FAZRH P e B 5 AR 1 N ERBUH .
Py, Cp. WNEEFEAE,C,, VA BERFE S, R
C,, WizsliaRiTie oS a T B YA

Kl 2 s iis (s s, ik ¢, WG 10
FAFRIFE A, C,, BIE BN T ITE XY 1 L AFTE 4
AIE 8 A I, 3R d, ~ dy, He d, d, dy
dy AT LR I DX 8] P A 2 1),

B2 HEFET C, M d, FEiEH
Phd, i@ g5 oA Bl ie sh 3 5 T U s
Tl B 2 R d, 5 Py, Cp, MELTET, C,,
IR d, B85 1) ¢ BEZI B SR Bl Ak, ry, FI
ry PRI LB C 5 Py Cr TEZRIEES 0, N

r S d, BT IS 0, Hr, 5 dy 83T
S IUIEG
ry =+/(AR)> + 1> = 2Ahr,cos 0, , (4)
ry =/ (AR)* + 1% = 2Ahrycos 0,.  (5)
e (4) F1(5) 2 HCA(2) FI(3) AT 1%

hl h?
P"P = PL‘lGl Gr t - a ? (6)
((AR)? + 75 = 2Ahr,cos 6,)?
hl h?
Pr(' = PcIGtGr : - . (7)

((Ah)? + 7‘; — 2Ahr,cos 02)%
R(6) F(7) TELA (1) B, AT

————((Ah)? +r2 2Ahr,cos Hz)wz, (8)

Pvt 2
G,G.h2h
P, < m((Ah) +r —2Ahrcos€)2 (9)
Pt < P < P
T (6) F1X(7) o P.G,GAY K AfE, A5
((AR)* + 13 = 2Ahr,cos 6,)*
p,=P, .(10)
! ((AR)* + 7} = 2Ahr cos 0,)”

A (8) " r,,r,,cos 0,, cos 6, HEH, X
Cp MR ST DIRNIGFH 2 C,, IEICESR B C,,
P RIRE D R BAER ST P, TR, &
X (10) P BMEH Ah DeE UL P, S Ah 1 bR
T FFRR

P, =f(Ah). (11)

T d, iz sy e, Bl 6, #16, Rl e
{8, TR BB T r, 5 o, WOEE .S, 5 P,
HEH; 6, F G, B AR B O b, B R,
M HEH, 7148 S, /G.G.h: k2 5 P,/G.G.h h>
SEMH, il (8) F(9) rILIAEH P, A Ah 1

PR, AT A TR
P, =g(Ah). (12)

LFRHE T ¢, W8 3h ) AN AR
AR C,, MMT%JEMH&, ] A [R] f4 J7 17) 32
3, anE 2 FroR i 8 Fhiz g i ml, v LA H A SR
(8) F1(9) B0, Flo, K& THA, P, WA
cos 0, [PREL, 7T LA T 50K .

P,=s(cosf,). (13)

Kl 2 iz g7 o i ), s B
] 5 % 57 mAHE T E AR > 0,41z a5
KT AH I E X Ah < 0.

M (8) "TLIEH, AL > OFF, 0, 7E[ 0, 7] X
[P, P, PRECK B B 38 R 0, 76 [, 2w ] IX[H]
W, P, PRECH LIRS AR < 0 B ,60, 7E( 0,
] X I:IEUW P, PRECH B 35 U pR AR 0, TE [,




.26 - MR

wOL Ok

NI

5 46 4

2m ] X[, P, pRECH FRH 6 G R 2L, 0, = 0.6, =
.0, = 27 SR B KRR AL s (cos 6,) .
1.3 SENAPISHETHERENEZX
ZRNHN P NS S 2 AU . # 3
HAFTEZ MU P AR BB R P T4
FTRRAAIE] Py = Py, = - = Py,
TENX3 max(P,,) B4 max | P,i,P,,P
e PSP, BB FHERICE ROk AR
AT max (P, ) BT EAA AU - 32
BT mR A

p3 2

Pra ‘\ . 4‘Pm
rl"\ AN X Cn ///T/:,,
Tp .- %
“ % i R, ACI\’\
Pra, |
Ar.

E3 EEHS(SMENAR)

R 3 R max (P, ) AL N
P, TP I EE

1) ik C,, NEXT Py, WA, IR 4 C,
SRANZEXT HAFZAH P 18 i T4

2) sk ¢ X Py, WHRCT T IBA ¢, ST
RGP A 5

3) Bl &N R G H P AL E R ek AR,
max (P,,) HI(EBET A % A 281k

FIHLL ES5 X & 4 i (5 st 1wk,
B .

(a) BFZ l,maX(Pl_pn) IRAUH R Py, , AT
PITAE N R P, Cp C, B35 BT 1 35

(b) B 2 2,C,, ¥HHE A Iz 8 E,
max(P,,) WEAHFR P, WA LI
P Cr Cro, W50 BVE 1 55

(¢) BIBERRMEDL, 24 C,, WIHAT5 M2 5h
J5 , ATRE R max(P,,) WIBAUH A ZA i)
PIERR (a) FN(b) By Ak, B W e
RS, B S A5 s BARER 1
FURIAL AR BLns ¢, §AREAN T 0138 3y, R 4T
WX AR RS B0, I LA 3R 1) 208 5 4 A8 7 £k 32

Zead R A, B 3 B (5 B mT DA fA Ak K
Bl 1 Ry E 5, IE DU 22 38 (5 ) st 47 e
— Ak AL 3L ) FH 3 7 SR 38 {5 R Bk e TR
s il 1] R,

2 HiElr ERAM

AR SCRBIA I P o8 2 808 ik 4, N
FHUIR [RS8l 5 38 5 P 0 B B B AR, iy
A £ R RO RO B ] 43 AT 5 LT FE S0
1R,

x®1 HESH
Pa— Cp MIRKES  Cp ME/NRSE Py, BIAERR / Cr. [AERE / Cyp, WAERR / Py, W
R /W R /W (km, km) (km, km) (km,km) 'JBR /dBm
S8 100 1 (-4,4) (3,4) (0,0) 7
S8 11 3 1 3 600

ik C,, LLER 9 Sjiz gy, €, His 877 1)
ts BUE—IR, Hiib e 78 0 3] 50 s BYRBES N
BUiE, C,, SF¥#EEA L 10,20,30,40,50 m/s,
BHITIES 0 LA 2w SR A S 0 B0, w,
2 BFR BRI B 6L €, BIRIER AL 5 (0,0) , Py,
HIRITRARR N (= 4,4) ,C, HIBWITEARFR K (3,4) ,
C,, RV A .

B2 P, R Ah Fll cos 6, BYRREL, N
K (12) F(13) PR EEHI Ak H a5 R K 4 fF
N, Y C SRR ARRIE (R AR > 0
i) ,60, 7E[ 0,7 ] XIEN , C,, B 53R Ay B
WEOREL, T Cp 1R 5 )35k i A Py, T
e, B DAL & 53 0 ROR BB AT = 1, 24 14 m )
45.4 W I, Cp 1 1R RSG50, TE[ w,2mw] XA N,

Cpo WSS I TR L B €, 1% 3 3
SR/, 5 AR =5 km IV, C,, 5 C,,, BRI B
SR €, MRS TR R R,

Cr ZSI I IW

& 4

IR R RS Th &



514

Wl e, 4 INRIJCA A AR S R P S AR Oy ik 27 -

M C,, B HES KT AR (RP AR <
00F),0, 7E[ 0,7 ] X[HP, C,, 1RSI K HiH
IR0, 1R [ w2 ] XN, C,, B R 5D
ARG R, T C, 10 S T Rk s
X P, T, BT DI RS D) 2R REAR RS I, >4
g 45.4 W B, C,, 11L& 55 6, =0.0, = 7,

K5 Bk €, IR dy TR ECE d, J7 5 3
W, RN E S P, BB TR R 2
MRFR, M Cy, TTE dy TTIBTITI C, 5 C, HIER
B/ NN S IE T 4 km R C 5
Cr, WERIEE. Y C,, Wi d, Jrmisfii,C,, 5
Cy. WIHE B ZEHTIGN. C,, 5 P, B AL R 2
. €, 1Y A 53 2 2% Bl 25 iz 20 BB B Y 0% I 2
A M E P, TR, C,, SFEEERIX K 5
L M FRIRIENA €, HER K IX 5

. . lO
W00k Rt PR P T4
D oIER P TR S
80 : 8
L e E
s . W
§ 60 Eﬁ
= i
& 40 =4
20t S
. ) 0l : . ;
0 10 0 5 10

Cui@fj}gﬁg/km CriB B E /km
(a) Cp, KHTTIZ (b) Py, BEIN T I
S5 RADNREHEXEHEMTFRNEIR

Kl 6 R C,, R FIAN R Dy 2458 1 Sk it
() B BE R AE. AR BRI €, LAITE 9 = 50 m/s 23
W& dy JTIEEAT , BB Ah = 8 km. RIZFEX
BEIX[E P AHUR PSS B2 AR P i T 9.
FE AR IR AR R SOk [ 21 ] h Bk i
BENAH P 3453 1500 245K (0~1500) , A
AU P AR 4l B2 05 T TR (A 38 3 £ 306 N 4T SACCH
FIEER]) A SRR R & S TR R
T E A YRR IS APC-DV B Y B RE
FE, R AR D R sl SR ol T2 2o
GO R P 7 A AN R [ D3 B O R
SREAIIN T2 KM (KB Z %
P BORE 1, 19 2 RERE) (BB AFTEREFEIR 2%, th
FETTAE N, 24 Ah = 3 km I}, APC-DV &35
K FH 28 A i DR S A LT e R &
IKF 20%. 110 ELEEE Ah 3G, APC-DVE LT RE
e NIECRTS

2000 [
1800 | —a [il5E 2 K I 1
00T Apc-pv

1400 |
1200 |
1000 |
800 |
600 |
400 |
200 |

Cr Y B FE/pt

o 2 4 6 3
CriB B /km
6 FRMEEHEET C, BEEHE

Bl 7 ik C,, MPIRAER R (0,0) Py, 1Y
MEFRA (= 4,4),Cp, IAERR A (3,4) 8% C,0 M
B DL 10 m/s YRR L B 1 km 54 5,0, B
JEN(0,0) HiE &, FEHk (0,1) i &I
4 s SR )G RS IR Sk O 1032 8, B R E (0,0)
Mg anE 7 iR,

Prk(-4.4)

(-23)(-1.3) (0.3)] _ (1.3) (2.3)

(=2.2) (-1,2) (1.2) 12,2

1D (1,1)
0.1)
(0,0) (1.0) x

c.Jo 1 2 3

B 7 C,.iEzhEiE

C,, ¥ IR 7 (Hkis BB, Dy edas il ki
B R =y T A

1) C,, BRSTUIPRAREX AU P& T4 5

2) C,. MRS ELAAFI P I #AE

3) VAR ATTEE, C,, (RERERE NIk

F 8(a)h C,, Uil K8 (b) A €, 1
RTIEXS Py, i THRINER. Y ¢, B RSY)
RNV 8B T T, 0 540 SR R A 2t
PR P ARRIESR 0L €, BME R, FrLA
R €, RHVEY. C,, FEi2 Bl R s SO
FEL Y C, B RSTTAAT LI 2 O PRI
A AN 2 AU P i TR, €, SR 3h &2 5T

3 £ %

RS AT A = 1 A2 ShA ]
PSR R )5 v Gl X 258 A5 SR A, T
AT Yy AR ARGE A - R sl i, 2 AR Y
OIAT T B B sz TSR P A2 S s A
BB HARTT I A 1 5 2, LB T R B sz



.28 - MR

=S N AN S

5 46 4

PO ST FIN . AR SC LAFZ AR P T P25 BR AL
FH PRI TBR A L A 45 1, 2R FH e/ N 2 33 D e
TSRS 3 A XA P 8 ) SFeadE A 4 il A S
FEH I APC-DV 3L 55k H @ 2 K o 4
Tl B2 A0 LU RE RS 15 2 HEAE 20%.

100 . 100 .
— Cp RS XSk — R THEIXIH

80 80
A z
= 2

5 60 60
= £
= =

. r
&
al

20

0 0

5 10 5 10
(a) Cyp, RISTHRBE An AL (b) Py, N HERE An 22 1L
B8 C, iEahil b i Th R #h £k

5%

[ 1] Federal Communications Commission. Facilitating opportunities
for flexible, efficient, and reliable spectrum use employing
cognitive radio technologies| R]. Washington ;FCC,2003.03-08.

[2] MCHENRY M A. NSF spectrum occupancy measurements
project summary[ EB/OL]. http://www.sharedspectrum.com.
2005-08.

[3] MITOLA ]. Cognitive radio:
architecture for software defined radio[ D]. Stockholm:
KTH Royal Institute of Technology, 2000 .:45-48.

[4] HAYKIN S. Cognitive radio: brain-empowered wireless

an integrated agent

communications[ J |. IEEE Journal on Selected Areas in
Communications, 2005,23 (2) :201-220.

[5] QI Qu, MILSTEIN L B, VAMAN D R. Cognitive radio
based multi-user resource allocation in mobile Ad Hoc
networks using multi-carrier CDMA modulation [ J].
Selected Areas in Communications, IEEE Journal on,
2008, 26 (1), 70-82.

[6] NCEL J, REED J H, GILLES R P. Convergence of
cognitive radio networks[ C]//WCNC 2004 ; Proceedings
of 2004 IEEE Wireless Communications and Networking
Conference.Piscataway : IEEE Press,2004.2250-2255.

[7] ZHOU Pan, YUAN Wei, LIU Wei, et al. Joint power
and rate control in cognitive radio networks: A game-
theoretical approach [ C ]//Proceeding of IEEE ICC
2008 China Forum. Beijing: The Organizing Committee
of the 2008 World Communication,2008; 3296-3301.

[8] WANG J, TAN Xuezhi, LIU Yutao. Power control
algorithm based on game theory in cognitive radio
networks [ J ]. Science Technology and Engineering,

2009, 9(19) . 5680-5683.

[9] HOANG A T, LIANG Yingchang. Maximizing spectrum
utilization of cognitive radio networks using channel
allocation and power control [ C ]//IEEE Vehicular
Technology Conference. Montreal; IEEE VTC-Fall,
2006 :1202-1206.

[ 10 ] HUANG JianWei, BERRY R A, HONING M L.
Distributed interference compensation for wireless
networks[ J |. Selected Areas in Communications, [EEE
Journal on, 2006,24(5) . 1074-1084.

[11]SARAYDAR C U, MANDAYAM N B, GOODMAN D
J. Efficient power control via pricing in wireless data
networks[ J ]. IEEE Transactions on Communications
2002,50(2) : 291-303.

[ 12]KOSKIE S, GAJIC Z. A nash game algorithm for SIR-
based power control in 3 G wireless CDMA networks
[J]. IEEE/ACM Transactions on Networking, 2005,13
(5):1017-1026.

[13] MACKENZIE A B, WICKER S B. Game theory in

Motivation , explanation and

power control [ C ]//IEEE Global
Telecommun. Conf. Washington, DC: IEEE Computer
Society,2001 :821-826.

(1428 A 5s, 2=l , 5. GSM Thsdis il iy ) LRt iz
FALI]. B 8hif5 2010 (12) ; 1-6.

[1S]JEPF. 38T GSM 2R ¢ 14 By 32 42 1l i A I 52 15z B
[D].J M ARG TR, 2011, 24-47.

[16]SHI Y, HOU Y T. Optimal power control for multi-hop
software defined radio networks [ C ]//26th IEEE
International Conference on Computer Communications.
Anchorage , AK ;. IEEE INFOCOM, 2007 1694-1702.

[17 ] WANG Lichun, CHEN Anderson. Effects of location

awareness on concurrent transmissions for cognitive Ad

communications :

application to

Hoc networks overlaying infrastructure-based systems
[J]. IEEE Transactions on Mobile Computing, 2009,8
(5) :577-589.

[ 1I8]JHOVEN N, SAHAI A. Power scaling for cognitive radio
[ C 1//2005 International

Conference on Wireless

Networks, Communications and Mobile Computing.
Maui; IEEE Computer Society,2005; 250-255.

[19]JEON S W, DEVROYE N, VU M, et al. Cognitive
networks achieve throughput scaling of a homogeneous
network[ J ].IEEE Transactions on Information Theory,
2011, 57(8): 5103-5115.

[20] B85 f o rh BRtieidt, 45, DIER 2 )P fenk 32
IR BEsmE R SO R )] BT 5F 2R,
2012, 34(1) . 1-6.

[21]BEHZAD A, RUBIN I. Impact of power control on the
performance of the ad hoc wireless networks[ C]//IEEE
International Conference on Computer Communications.

Miami ; INFOCOM 2005 ; 102-113.
(HWiE K =)



