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Research on the improvement of the convergence
speed for CDMA system power control

TAN Xiao-heng , WEI Wei, HUANG Zhen-lin
(College of Communication Engineering, Chongqing University, Chongqging 400044, P. R. China)

Abstract: Optimal power control with game-theory has been a hot research topic in code division multiple
access (CDMA) system. However, the convergence speed of the power control algorithm based on
traditional static game-theory is not fast enough and the power fluctuation is large during the iterative
process. In order to solve this problem, dynamic game-theory is introduced into CDMA system power
control algorithm. The simulation results show that the proposed algorithm, compared with the distributed
power control algorithm based on the traditional static game theory, can improve the convergence speed
obviously with the same power spending.

Key words: code division multiple access;mobile communication; power control;convergence speed

Xt T4 4y 2 41k (CDMA) 3 {5 5 45 2 2 2 1fil BE
AT RO W58 AT i B 1 G2 3 N Bl D 22 i T
RSP R IR R RAERE. &2
CDMA #5533 {5 R 5o 1) — TUOCHEH AR

PEAESK . CDMA R 58 1 D A P i #8 F EAEAE &
TER A IR IR R N Wl ok 5 P B AR
FHE TSR 58 4 3+ LR A 18 S8 ) 3k B R A Ak

Y5 B H#:2011-03-20

(T 2R 18 BHAEE R —— 4 £ 33 4 L 52 e RE AL T 1%
G DR . SCRRL2 T M 2 7 4 % £ 3 2 1Y
RCRE R R TR AL, SCRRE3 T3 1 3 T Hcdi ol £
{14 22 LR E B K0S A A R K SCRR LA DI PR 18 S
MIMO $ARS4E & T CDMA & 4t Uy AR 5 il SCHk
(5 1o0f 3 2 2 30 00 A% R KO 1 B e ANt
SCHRE6 JAAJH P il 368 A TR 1 A [5] A9 350 ek 4

ESWE . E00 A ARERE S BT H (2010BB2049) 5 e @ 45 ARl 45 2 % B 51 H (CDJZR10160011)
EEE N E A (1976 . 53 IR R ¥ B2, TENFTOL 5 R 50 I 4% M@ i85 B AL L 9 0003 5 46 O ] BF 5

(Tel)13708377655 ; (E-mail) txh@ cqu. edu. cn,



http://gks.cqu.edu.cn

% 10

s, F . CDMA 2 % 2h R340 8k E Wk & 131

SCRRLT IO 1A% 3 2 IR0 4 i BRIk 745 T 1
TR T SCHR [ 8-10 AR 45 My 138 14 A% B2 BRI %K

e 3 BT A A T 2R D) R P A P % A
R 2 [ SR By 25 A ST A 0 1) 2 B 2
A1 P DA — O 2 R A B . & R
PP RSO DR SRR & T 5 42 1) £ L R o i 5 6
AN RE MR 38 5 4 X T do i (9 195 D Al B SRE. RUVE
R 45 R 1K S 9 A 2 4 (51 5 0 B T ) 0k 4 AN
FHERY ST — S8 (R JE I 2l A A i W SO
JEE T 18 1) 1) B — ELARAFAE B A B 3G B3 4G i
RGBSR . A1 X LA LA B0 L FF 12 B b (Y 2l
ENLEAEIPNIE S o8 IRPONF YL R S oF 1R R7Sii;
Frofot A3 T S A TRy R Ak . XA T
FH P By 238 38 BSOS i 119 325 AR UCRR e e 245 i 2 o
Pk i AU R MR 2 2 T ISR

1 BSESEEFRERKRE

1.1 R

F 1A /N CDMA &%, 2504 N
AP GGEN) SRR d; . p; oy 51
B RE G A & G T SR U T L SIR,
JRA P D) Rk PRI R 7L 0 5 Poun Z H.
BRMEF IR o o BE FTA P {5 B o %
K R bit/s, ¥ 5y W Hz § B 25 . L=W/
R, H4ESCHRL7 ] A5 T ko SIR A LhRIR Ny

hp;
Ship ot )
Horp oy FRoRA P SR Z A B 58 1 2% e
VIR hy=k/d" ke Ry — 80 BUEEFE Dy 3
,\,60
1.2 HERBSNHEEE

SR FHSCHER L6 48 s iy 7 P 0l 2 Y sk B

y; =1L

ay;
J s 2
v+ )

Horba,b 280 40 B TP 2 8 900 5 it 4
I i 2

Wtk oK B L AR T 3 2 M R R
G=Ap,"

CIRERE 35 8- R 44

WyCpyspy) =

S

ay;
v, +0b

P FRBR T AN H At T 9 2 SR AR A A

G-

u(pjsp-j) = —AD» (3)

1.3 #BSEETHARMTHE

G=( (P} {u, CoODRRISAAMED R
R o 2R D= (1,2, -+, N} N [a] i} 3
WA, RS E P N E S R0, P s
w, Co NP G RO . MR b, A
FH P AE SR ug =5 0] Py BL 36 5 ) 22, O 4 &% B2 R 2K
w; Co )y SCERLITIE UEBE . 4> P 4% B AR %
He AL B C B8 R I 8 B R E RS 15 5] —
MM YRm & p~ ISR B 9 A3 1, BD
XA jENEA w, (p) sp ) =u(piap-i)e
NS AR P A BESTT H R EE A &
149 % S Ty R 3G A8z

2 HFFEFRTHIREREE

2.1 FHFHEE

AR MIGE 7 e e RIR IR I HIE 1730
HRERE LG R B AT 8 & I e £ 0 R Wk AN AT 3. S5 AT
Bl E BEAE AR AR BE 22 TR A M 2 0 D0 R A T
PP

T 25 Ty S s T 12 000 A P 0 I B A S
23 (8] [04 Py | 38 5 20 320K 00 A 8505 o6 8, 22 4R H
P ARG B poj R BT — YR UG B 25 2R .
B IS b RIS IR R E BN 1, (k)
LI

Lk =D p(k—1Dh;, =

i#j

L N
Sipik—Dhi+ D pitk—Dhy (4
i—=1

ORI 5 IR RS & —1
WIS B A B 5 B R BLAE R BB oy 1Y
et  ASREXT A P A D R T8 poh: AL
fhitt 5o w, WAL . 3 BEIX RO B0 09 5t L
B 25 R T 1 0]

X PRI A AR N R R BRI RS
MFE P I A SR T - ik N A P AR AT 30 A i
JPR AT . XA BWE R 1A o ik
PRI H X A P AR T AR E Z AT s T )
TR FIOEE R B 7 AR5 R IR B A TR I 2
BAERN T () RNy

L = S pon + S pk— D, )

MG RIRL i FIA T R RY, AR &
WSS TR S48 T A8 M Z AT AT 3 1 58 4 1 A
AR CRAR R B 55 — 10, 5 20 () 2R 1 i



http://gks.cqu.edu.cn

132 ¥ K K FFHK % 34 %
B 35 A 1 7 75 65 2 A0 L mﬁ@ SEAR T EOH S BKSUEER w, (pap )
B RO A BR R a0, o 3R I 3 25 19 2 ] 5 I, (pyp-)/dp; =0, (7
L5 B, 155
- . 1 abLh )
2.2 FHERLEMMTHE b= [ e ] St
6 T ZEIIE o L 58 3 £ L 3 25 19 20 45 390 1 £ ®
i TR 56 L AN H A L R ST S M a B ow;Cpyop DR py 3K 2 B RS 0T A5
BB MG AR T Gon — 2ab (LR, (S, + 0P
B A G T AR AT 3 P — R — A TR N S T (thpj—i—bzl;:pi—ﬁ—baz)‘? <0
AP SRR R TN AR A — 413 3% g i =
p XA T IR AT B I 4 p R (9
AT T R M . AT M (6) () AT 1. F 2R i L 4 1 2) . BRIt

G B8R RS IR gE — L s (3D B B

JUR S S IEM)B?@[O P
R WASERME LB MR AL T 1 2E
TR M

R A H G i B S — R AR A
SRIE AR TG n] LA 25 B8 Tk 19 99 A1 24 16
(A7 AE o B 4 (0] 25 o 3o o B K 10 1 T 2R 2 B
P I, HORAE B R T AR o nl LR B S g L
1 Fre DL —— 2 A 3% iy 3 B0 1 5 9 d T i 2
gt A7 18R 58 SE AN A P e — TEAFAERY

PR FT LIRS 8l 25 2R 3l 20 i 2 A A T T g
KA o R Uk W A S T SR AT AR 9 AT 2 A L
W — . L BE UE W1 48 A 3 A5 TR 28 114 58 58 3 i A7 7 O
i — P4 P A5 451 T 2 114 28 A 34 47 s 2 1 8 45 g
19 7€ R4 .

T A S TSR T 9 9 A 3 1 A7 A HLE

— JER A

2 R DAL T 2 D&,
AR 2 W T2 — RE A7 AE AN AT 3 1l -

1) St 2 A B EC 25 (B A 1 AR 2 1 P i A
T

2) 3 oA B A R S () B s HO A
QLD V8

BT TIEE T B9 s SR = [ 0 R i 4 A

L0 P ] AR R 551F D

X SCHRL6 5t X B P 38 R i i A R
B R — M B A G E NG T HZE
F B s LAE BT -1 NP EHER
5 N—j AP — 5 B Z i HAOE ek o
A 315

Wi ap;. 6)

ui(pj’p /) :7]+b

B — et BT A 1 BRI AT AL 98 AT 3 4 i E 2
R P IR+ 249 457 i
ri(p) = min(p; s puu) o (10)
IR 3 R — AN A TSR A a0 A 2 A —
AN R R T8 4 3 A A A 2 A O o — 2 A A
B BUEWI 10D SEARVERR R B p) AR HE R AL

B () = p :U%{[“bfh’(Z’ porar] -

O b o) | EW £Cp,) SR HE B BT 2
]

Bl I IEE () = 05 BRI TR o1 > po s
B f(p) > [ s T R XEE o > 1,48
W af (p;) > flap;).
DX (6), i
PRI p) >0,
PERY IR MG 2 —
p; =0,
2)4 Izzh,pi+g B VTR Y W R )N
o s T J& p WERME R, AT DL S e f(D =

0.5

(LCZTA ) - 7LLh,I

Xd‘%%i%l asb,L,A E/‘J‘I‘/ﬁ\é/lji
BB, p R Ak
B TR A W L0, P ] 0] DL GIE

’&E—E% II>IZ ’f‘(Il)if‘(IZ)

. ab \*° 0.5 __ 70.5 7L .
—(LM) (e =165 = e (L= L)y <1
ab 0.5 o5 b -
F(p)=>0=> (1 1 >Lh1 JATAR FCLD) — fCL)
>0, B
DXL a>1.4 af(p) f(aj)ﬂ*(ljlb )

I (a—a" ") >0, ATIEAF H AT b .

Wt BT B A AR R O SR A A
AT Y 4 FE P T DAAE Bh 2 8 2R v R ok
SR AY 35 BN 8 LG AT A R . e Ah 58
TR LR 18 20 A 0 3E L 7 [R) — > 08 R B (3D R



http://gks.cqu.edu.cn

% 10

E e, 5 CDMA Z %o oh F 42 DK sk i o9 &

Sh A IR B 200 58 25 A i 5 W S TR 0 AN A 35
fifp 2 — B AR B S IR TR T EE NG R
ST A TR 2K 30 8 0 ol R 2 R R T FR S
CINNE S 19 ) oy L o N e B B 8
JE AR AR SR A
2.3 HBEEEIWEREFEZ

CEERTI P LY I N L W (T W R AV R i
W%, WRNE

DR EA R P R8s 5% p;, (k) =0, Hrp
EAREL k=0

2 k=k+ 1 XA PR HA ) A0 15

1 [TabLh; < q
Eﬁ[a (;p%%ﬁi;ﬁ%

N
>0k —Dho |,

i=jt1

ri(p; (k) = min(p; (&), pua) » HEF N D EA
SEREL B A P BN T e T s — LA
AR ERWAE R

3R AA A B A P T AR e AR p
(B)=p; =D, W R LSBT EM, p/
(k) hy 2y 25 18 25 Ty A8 45 1 1) 5 5 249 4 e 5 5 0] 7 5
YR 2) BT 34

3 hESH

FIETE 1 N E/NX CDMA &4, 388 9 AN
P A EEEAE S 1 000 m AY BB /N X L3 9 N
P R 1 40 A A6 /N XN BE S 3 0k 0 i ol d =
[300,450,550,660,740,800,880,940,1 000] m 4k,
FeHRBE R /N B R g5 1 8] 9, &UE R S8
Ba=1.0,6=2.0,1=60.0, &l 5S 5 ME
R e A 9 W=1 MHz, (5 3 R=10
kbps, ¥ 453 25 L =100, ¥ 5tM i o =5X 10", i
R h B E=6.70X10 *,0=3.6,3hFK R
P =1 wo B HHEAGEGRE 1K 2 FE 3
Fi7s i S ga i il 2 B A4 il e T BE A R AR
R AR B A TR CR A SCERL7 J48 1 U7
(CEIDIN AN A PN L R S CF L A S
MR TE oL, Horp g — S R — T
RS AAE D

¥ 2 filE 3 51 e A, 5 R )R
FEGIAE LG, 2 PP T 09 2 5 #R BE 0% 7 [R) 45
ZAE T WS BN ARG K P A T R R B
IR T 220k 10 0 3 O A 5 e L I L S B A
B

pi (k) =

0.5 J!
— DR | = b p ok, +
i=1

133
x 1073
g a —o&—userl
e —+—user2
PN s a s ‘| —+—user3
or VpP™ o srarbebetebrfobefoledell_ . userd
v —5— user5
sl (!'.L Jprw G666 —o— userb
‘% R x , ‘v;:============
3 i/ © EE = —p—user8
L g 'z‘ e — e — -
§ 4 {‘/‘,_ el —<—user9
® Reg? .~
L3 /,,/"
2 gf
& 2+ Z
Vi
1 E . = S
0 5 10 15 20 25
BARKEL
1 FEETHPREHE
x 1073
451 —o—userl
— 4 user2
4.0 —+—user3
— - — user4
3.5r —B3—userS
—4—user6
E 3.0 —&—user?
# —p—user8
§2-5' — g user9
&0t
2
1.5}
&
1.0
0.5
0 12
BRI
B2 BEEBETARYREHME
x 1073
4.5r —a—userl
gl [—+— user2
4.0r A | ——user3
&|— - — userd
3.5p —&—user5
—&—user6
3.0f —&— user/
E —t—user8
ﬁZ.S- . —<—user9
1 2.0+
i
15t
1.0
0.5
0 12

A EL

B3 HEHEETRAPHIREHSEL

FLACIET 2 REL 3 A AR GRS RL L P A% 20 T A 1
AN B4 S 30 0 BE 6 WA SR ) A 1 8% 657 (L IR 4



http://gks.cqu.edu.cn

134 TR XK FFR % 34 %
{5 T Eb SIR o AH 2, F_E 1 A BRI UE W AR AT 5 1Y F1 3TEEMEEX L

5 A W AT L 3 25 1L 0 9 ) 1 B84 3 FHE  BEEE  SARE
AT AT P BE A 15 D0 T » 2 = M A0 h (L 2 ) WAL 80T 2L Zi EREE DR R
AR R BB B 2 /b D BRI SIGH B . O L O

Bl A5 T 2R Dy a4 i) 26 A QA A vh ) 8 1) Ik By i B Al i 4.3 3.0 3.0
INFERAS TR R GIAE AR EEA R B4

FHL P 0 3k 40T T 19 0 R T 5 A T B s PP - -
TR AT AR A £ 115 L A e 1 3 ) 2 BRRH

A X TESRE HER A T — B EERS

QIR E S, 21 ek E .

) Ty 28 45 T A S R AR B 1 1 PR

Bl 4 gy 7 2 PRk . A P 2 Rk
PSR B R AR BUE SRR B A R
TE IR B 1 0 AR AR kb T 1/2, B R
7 AL DR Dl SR A B SR BN 4 B T R A
BT BT EEAR 6 W S ET AHE
3UCGERS IR T 9 F Z kAL 5 A WS
AR T Al 2R 3 W, #5083 &S g A1 3
kL2 030 L7 JA[8 145 ik 3 3 i o 2 ik AU 2
1 S TR R v, )y RS S0 B 1 A3 A I8 Bl R
JE /N2 A T R R B

—— AT
—— AR
ﬂ
X
2 4.
b
%
= 3.
B> B> B> P>
2.5
20 1 2 3 4 I5 6 7 8 9

iVak i
B4 WmHETERNERERRE K

JIEA P SR 3 A 2l 58 4 il i e S5k - 1
T 2 AT B - 2 AR B X LU BT AE SR 1 v,
SUR R NIRRT ON T SR Dl SR
FAE S AE IR o Ry i AH B, BRAR T 30, 220, g &
TRy 0 A P AR B S R g T
AR R S TR T R R A L A R AR T
81. 7% F140.0%

e T CDMA 55 5% 3l {5 28 48 10 2 5 4% 1
AL, SEa TR B T B 2 W S TR AR
DAY L A B HE Ay AR TR S A AR A
JEAERY L L E AR 2 5 I Y R S B A B L 7
R R P R A T Z (5 B . RIS 0 A7 A0l L2
RAEBLY AL HADPEREA FEAR AT 00 F L Sh AR T
Ty R 2 L 2 TG 0 SR A W B0 1 W B3 2
PR1AEZE AT I HLAR I AQRY D SRR B S T B3k
A .

P

C 1] w2801 44 T CDMA R 48— Fhog 19 40 i 24

R R AR ()], 7 515 B4R, 2008,30(2)
443-446.
YU DI-XIONG, CAI YUE-MING, ZHONG WEL A
novel distributed power control algorithm in CDMA
sytem: a game theoretic approach [J]. Journal of
Electronics &. Information Technology, 2008, 30(2):
443-446.

[ 2] GUNTURI S, PAGANINI F. Game theoretic approach
to power control in cellular CDMA [J]. IEEE 58"
Vehicular Technology Conference, 2008, 4:2362-2366.

[ 3] GOODMAN D J , MANDAYAM N B. Power control
for wireless data[ J]. IEEE Personal Communications,
2000, 7(2) . 48-54.

[ 4] NAGARAIAN V, DANANJAVAN P. A game
theoretic power control algorithm with pricing for
spectral efficient communication in MIMO MC-DS/
CDMA system[]]. IEEE 3" International Conference
on BC, IT and BA, 2008,11:129-136.

[ 5] GHASEMI A, FAEZ K, DEHGHAN M. A new
pricing function for power control game [ C ] /
Proceedings of 64" Vehicular Technology Conference.
Montreal, Canada: IEEE. 2006:1-5.

[6]YINZM, XIEJ Y, LV P B. An economic model for

power control in wireless CDMA data networks [C] /



http://gks.cqu.edu.cn

% 10 4 FEeir, F . COMA 2 %sh 350k B Wk & 135
Proceedings  of  International Conference on [11] i . E. FETIE T I JCL s B & W )R
Communication Technology Proceedings.  Beijing: HET]. BF5EES, 2008,30(1):59-62.

IEEE, 2003, 2.835-838.

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

[ 8 ] HAYAINEH M, KHALIL I, AWAD M. Non-

cooperative uplink power control game for CDMA

wireless [ ] . IEEE Symposium on Computers and
Communications, 2009 :587-592.

(9] R, B, KIE. B m Ik s oh Rl i ge
W01, A5 244, 2007,28(3); 100-107.
CHENG SHI-LUN, YANG ZHEN, ZHANG HUI,
Novel power control game algorithm for cognitive
radios[ J]. Journal on Communications, 2007, 28 (3) .
100-107.

[10] ZHAO C L, GUO Y, A novel distributed power
control algorithm based on game theory []J]. IEEE

Wireless Communications, Networking and Mobile

Computing, 2009:1-4.

CHENG SHI-LUN, YANG ZHEN. Adaptive power

control algorithm based on SIR in cognitive radios[ J].

Journal of Electronics &. Information Technology,
2008, 30(1):59-62.

[12] sk4e. Wi 5FE&F%IM] L. Ll ARE
fi 4t , 2004,

[13] BEEPC. MM KE. RBIF R AL, 2005,

[14] ¥, MEegRIM]. duat: BE&E T A2 K¥ IR
#2004,

[15 FE . FTE 41 05 495 o A 50 245 26 AL 0. o/ 4
ol B B CT AT D 52009, 5:126-127.
REN JIAN-YING.
backward induction [ ] J.

Solving dynamic game with

Management, science and
technology in enterprise, 2009, 5:126-127.

[16] YATES R D. A framework for uplink power control in
cellular radio system [ J]. IEEE Journal on Selected

Areas in Communication, 1995, 13:1341-1347.

(4 & )

~IPNIPNLDPNLDNLDLPNLDN LI LPNLLDNLDNLD LN LD NP LDNZDN LN ZPLDNZD NI LPNLD NP ZDNZD DL LPNLDN LD PLDNLDLDNLDNL LD

(E#EE 129 7D

[12] HAN D S, YANG W, ZHANG Y, et al. Antenna
selection in coordinated multi-cell MIMO system[ C ]/
Proceedings of 2010 2nd International Asia Conference
on Informatics in Control, Automation and Robotics
(CAR). Wuhan: IEEE, 2010. 346-348.

[13] GOROKHOV A, GORE D A, PAULRAJ A J. Space-
time processing for MIMO communications [ M J.
England: John Wiley & Sons Ltd, 2005.

[14] GORE D, GOROKHOV A, PAULRAJ A. Joint
MMSE versus V-Blast and antenna selection[ J], Signal
Systems and Computers, 2002,1 (11); 505-509.

[15] SHIM S, KWAK J S, HEATH R W, et al. Block

diagonalization for multi-user MIMO with other-cell

interference[ J]. IEEE Trans Wireless Commun, 2008,
7(7):2671- 2681.

[16] SHEN Z, CHEN R, ANDREWS ] G, et al. Low
complexity user selection algorithms for multiuser
MIMO systems with block diagonalization [J]. IEEE
Trans Signal Process, 2006, 54(9). 3658-3663.

[17] HOM R A, JOHNSON C R. Matrix analysis [ M ].
Cambridge, UK: Cambridge University Press, 1990.

[18] GOLUB G H, VAN LOAN C F. Matrix Computations
(3rd ed) [M]. Baltimore, MD: the John Hopkins
University Press, 1996.

R & D



