$3ux BeW dt X L % K % % # Vol.34 No.6
2008 4E 6 A JOURNAL OF BEIJING UNIVERSITY OF TECHNOLOGY Jun. 2008

AT Z/) X OFDM RER DA LITHhEBHIRE

kKRB, EXR, H &
(s ks EHFMSEEBATFRS, LK 100876)

m O TR ETHR, RAEAKH PR, FAT OFDM REZ PEENH RS EAE. EFE41E
WEER, SHRTURIES M P ETREDPXEER B DRRAGETROB SN, EXRBRAMAS
B, BB —HEIRAHAR EAREMNEE. ZEEFESNDE AFARAE BT A KR F ], X
RT AP EATESRERARORES . BSHEMT, TR THEOSECER, RIET B Rt
KHREW, SShESREML, BAFTHRTRT 17%, BRATHERT 1.7 4.

R EXHARA; 2PMK; LEThREH; REETH; FoEMEE
a4 %8 TN 929.53 NXREHRIRE: A RS . 0254 - 0037(2008)06 — 0561 — 06

TELLIE3THA 4 B A (orthogonal frequency division multiplexing, f&I#% OFDM) b il i 8 55 % 308 15
RAEP, BT FREZAMEZHEURBHRAEMAIIN, FH//DMKAREFETFERTUZE, MEFH
(inter-cell interference, fAIFR ICDR M EEM FIE. ICI =& i F {538 T (co-channel interference, I
CCD™4&. MRBEHEAE /DR AN FEES B, WAl AE/NME T3, B En S P, #— SR
LB BEFAE.

LB A OFDM R4 P /M L H B K #8413 80 /D R AR B 13, #E 40 /DK A P 1918 T B (signal to
interference ratio, FI# SIR)HHHHUIFRERE ICI K ABRABEE LHTHESLERE. EAENS MK
RESEEED, R4 IUBFF AP EFREMNDEERELFLRBBR XR(SIGHT —FHEo0H
AH %, th L& M4 H 2% (radio network controller, i #F RNC) b8 Z ¥ (base station, & Pk BS) 2 BL#E
— A AWK N T ANEE, R)F BSESMINVECHA P SRGEE; XR6IRE T —TBIKHTF
R RHUE, B/ RE AR E SN FRENE AR TFREEERN IR, £EREFLER KL FE e
R P BB/ MNERER. Goodman FARM T —FA T CDMA R4S ETREH AT,
XER[10-11 P ERHIEESIAD S /MK OFDM £45, BERFHE/PXEINFE BT AE.

EERAEGFERERR, EH—FHATE/PX OFDM REMAHHRA LTHEEHEE. MK
U4 SIR 5 EMA/PK AP REDE, R U BEL A /DR A FREE TR, £%EHP O R/ME
FHRERMER TRRXAENHP AR, EA FES A ARRETHP.

1 MXETFiss

ZL OFDM AN EMBMEERE P, HF I PRSI, BMINEHAPEY K, MEZHE TR
1, REWREN B, FTRER N C, B H AN OFDMA. i S MBS FRFEAR M FEHE, UFEER
B M=C/S, BMFHENHR B,=B/M, TEEFREN 1~ M, M M TFREEFTEHARETH. &
FTHEREHETHN 1L WAEREE 2 AMPREHEAERMRY AP HEAETHR, CRER, SR SH
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R FEELRAERGFETHE.

ELFEET, BEAFBHERAFPRESNFERETUSESWRBE, © g0 RREY
PEEANAPESEm N FEELHHEE, HEK SIR RARX N
- ik mPik,m (1)

; ‘Z;g;’:,h.mpj.k,m + No

B, gl s W HERBUNL j 9B m N FEELAEP RIS ;0.0 HF A EWPRF L ER
m N FEELHRENE; N, HEEUBHERRE.

HTRIERG AP AA T, BIESNH PR/ SIRERY v, RSB HIRRRIESTH
FE R/ SIR BEE R, HBBIREM L PALF A B, NHRRL S AP TTURERRE .

£1MAERYN, 1 MAERE 1A FEERESES 1AAF, B, £ 1 MEBRFE LR P
BRETRARBTHRGDMEE. RE—BE, APRRS i REEPEAXBENSFEE- BHF,
WAFBETURRR N=11,2,,Il. % g REDMXi PEEm M FEELRXE ETRENAF
BlA/NEEIE RS o RRDEjGH#DPERE m M FEELRZ ETRENBFBIIR £
BRI ; glp; RN G#DFRAPXMME i PR TR, IREFE, & L RADPRi FHP
2B BT, W

L= 3] gpj+No

i=1,j#*i
U EZFEELERP i((EN)R SIR TUEEFE XN
v:=gpil I; 2)

2 BPRIESETHESHME

2.1 MEEA

4 G=[N, {A;}, {u; (D FBRE/PRXIES D ZEH 12 (multi-cell non-cooperative power control
game, % MNPG). H#, N=11,2, -, [|RR &N NKEH R FEELRARB TR A~ RE (3
BE5HERAE)ARAP HEBES(MWRRAPTUEHMREE, REFREPHPARHREK
BEMEHN p™), A; = [p:10<p;<p™ 5, )R, i RAHEE. EXAE P=(py,, p)RAE
FERAERAPRBARXRNRME. BRAAr i KEBKAI w,(P), WAURRH w,(p: P-.), p: AP
BEEEBRME, P ERBRAF HERNE ), 2R E.

SARPELHENERXLE CHBEE, El]gléa} ui(pis P-;), ViEN. BFRAPZEAREHHE

Vi, B, REREREAREBRER, IMEERERERPE X I AL %MW (Nash equili-
)[7-8]_

Yiie,m =

brium

2.2 WAERMEER

BBAHEE, MNPG HEATHERMERL 2 M4 QA RRKKAZARY WEZE . AH. AR
88 Qu,(P)E P LHEL, % p, EHIMT.

BT &N HREZE A, B0, p™), BRAMERHOD. BTRBEFEBHEH «,(PIW
REERERX. w(P)RTRBOHARN, EREFREE LTHERERFHLEYEE L. BUHRHM
VEEXERY p;=08 =0, BWRARH, YHPAREDER, LRAMENZR 0. Mok, BARHR
BAREXZRHEEGM AR/ SIRERUBRMRAREERFHTE. BFULARNER, £
S U E A RBFBA R '

u;(P)=a; JYi'Y:'l‘;Ci'i’i 3)
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AP, E1AEBRT HPHBR/NSIRER; B2 ARRAPMEMAPZEN TR o, M. HRESH.
FAAPELHCHRRIRFREFECH SIR, WRAFEE 1 HREREX, F 2 AMERE/N B

CKHRREN R EGBAAERPA. RARRME 2 S URRIE N AT RS SIR fTHE R
#rU — AN P N & X SRR SIR M FER, BEE T X AR EER TR, ESE
WEFRITSF.

2.3 MNPG KR

MNPG éﬁﬂﬂtﬁﬁarhnrxus(pa, P_.). ATREIBNM, REX(Q)KXC)RB «.(P)HBEN

u _1 oty 38
api_zai(yi 71) 21{ Ci

o5si=0,WH

7.-=7:-“+(§%)2

RAR(), %[ 2£) "= ., TLUBE MNPG W%

pi=7§h£+pi% (4)
BRIBEBEAE, TUBIRE p, HERBERXND
d,IE"—l) &i .hPS'"_l) 7&’"”
piM =7t < +Bi15,—1)=7i 75,.-1)"’/?;'?&,.-1) (5)

BRGELE p =P V), TFHE p; >0, MEHE 2 %4 ORFE, PP, 2 P)>R(P');
QU BRPHE, Va>1, aZ(P)=R(aP), MR (5) KA BIME— K.
K (5) W R BIRER AN

No2E , 1_1 N 28 Ba
aP) - a(P') =201 - 1)+ g § - 1) = (1- 1 L0 - FE) ®)

BA P=P, BTk I, - I'>0. A(P) - (P ) >0 %A I' >4 /;L,,
RIERS)REWETRMAEER, BRIE «AP)REXT HeP), F

th aliep_) ~ Litp_)
a%(P) ~ A(aP) = if—(ab(p_i) ~lip_p) + Bigi —‘—L)

Lip_plitap_p
B a>1, i «A(P) - A(aP) >0, FHEOWE .

T, % g, %afr, HRBAR (5 B ABIE— &

B (3) TR ), 230 SRR R 300 2 UM % 4, B t, MNPG FES 39858, R (S)% i
MNPG RAEFA RN BN — i, X WE— W R 9306 i B FT LA7R i, MNPG 9 94 £ 2 45
E—.

2.4 SEREATEOHNEE

AXEZPRESEDEEHNEFRAZARBIBNEME, BE TS PIEAHR LITHELER
#: (multi-cell distributed uplink power control algorithm, f&j# MDUPC).

B X FE 818 A # (subchannel scheduling interval, fiF% SSI), B2 ¥ P47 T 158 4 B A9 I} 6]
. HAESD SSI AR PR FRESEAE, FUENMIXERFREFETENAFREFE. B
J& B & 3% B 8] [8] B ( transmission timing interval, %K TTI), B1ESMATE LB S F -5 W R B (8] 6]
F. £ OFDM R4, 14 TTI R 1 M TR BB, RFEERA BB/ et EE A, 14 SSIATLISF
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F 1A TTLRTUSFEA TTL

MDUPC B R &L RMT.

1) A SSI FHNZ, BWPTFEERERE, REFHESRHER, MBLErFEELAP
) LT RRINE pre=,

2) EWRBENFEEN— TTIH v, MFER FOD R4, v, \Th SHWE; MR R TDD 4, 7;
Al LATES BRIRTR.

(n-1) (n—1)
3 REE TTEAF I LR PWREIE, o( =max| 12054 5,105 o) A7

yn-D
FELERFPHRRDEEL TITEREERRAR .

4) BRBNTFREEMH, LTEERFEE.

SYEFLR2)~4), AEFRRK SSIFK.

U ESBP GNP EEREBEA G R (HPRREMZR SIR) 2MMIT, ARERXE, Bk
MDUPC RFoaHAKE. MH, BARLHFPHEHRESHMRER. £ MDUPC B+, BR SSI K
F TTL B MDUPC ERHERZRLBFRIES ERENAFEETEA BRI R ER. WE SSI
5 TTI %, MEXK MDUPC £—4 TTI HZ B, XBERLHEERESHEE, AREXE.

MDUPC H¥%:PEIE 3 M SECAPHB/DSIRER yP BMHBRE PN RESH o, W, (EHEER
HEFHR B, RR4)). AR)TTUFH, yP 8K, REN SIR /MY H P AMEMTHERZ, A FHRET,
ERFHEMNAZEL TR MR yP=0, WELH AL R A/ SIR, SIR 8K, KBHERDERK. o f¢;
MIERET FELEFHRSAPATHZRMITRA, o B, S EMOH O TRRE, RERAT.

3 (AR

OFDM £ /ME G RATE R wrap around HEAR, NHAFE PR, # 19 /0K, PRERH 500 m. R
REH R R 10 MHz, 600 N7 H FRBIE, FREWRN 15kHz. 875 MELEN TFREAR—MFEE, R
G3H 8 MFIEE. 84 TTI AT —K MDUPC Hi¥k. AP B3EE N 3 km/h, KA Full buffer .55, B
PARHBRKRZENENR 24 dB m. PRAFEESRIRRAUAA FRERE, FEEREREN
MTTI(n=21). HERESREER(BERRRE . HEEENTERE)MRER, REREHLENY
4, AR EEEY N 8 dB. MDUPC H¥:H 7, IUIBREEER, WTURERER. AXRAAPFEHE
HEHRESAHEN SHHRMEMFLRAEEIATHEGRIRE, STHAERK, AP AT
BT

3.1 JEBAMEST

HTAWAEREN MDUPC BEMKABER, B1 AR 2 HHNLHTEFRELBAEEEE.
SIR REB TN, AP GERERE 4 MHPAFDESAD TTIH1EE SIR AR IE.
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Fig.1 The SIR tracing slow fading of a given user Fig.2 The transmit power of a given user
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AR, EHEENR S KEAF B SIR AR ERTUKNDIEEE. TENE 2 ZTUE
i, HRBUE, A PR R R/ FBKT AR %X 24 dB-m, Bk, MDUPC Bk RIE R ¥4
RERREL TR 7 AR IR AR Th R, TR A R P A RA e B, M T B RRENEEY.

3.2 JERERES T

DEGRMTHBBREESINI FRELNAPRAEE, BRERAAVPBELTFREAE, B
b, LS h R THY PFRBE L (B TTIHUT—3) M5t LRI, S MDUPC Hk9vEeE. (5 E 4
TAE SSI THy RGEHRE, B 3 X T SSIAF1%4 TTIH 1 £5.5 15/ 10 A TR RA L F &, 5
HAE RS FAFHEY 714 Mb/s. F 1 BB AP AP, S HERMATFHERY 59 kb/s. WF
RERFLUE , % SSI K 54 TTI B, MDUPC 33 9 7 ot B 55 20 P-4 45 e S A% 50 47, B % B SSI
5 MDUPC H SO R IEEE, BEARE T h R R H R, XA R AT PFIAEHE MRS . ST,
MDUPC HERBHFHFHBII LHETHRT 12%, BRATHERETURA 1.7 1.

=750
b 4
g /g A ¥1 FF sst FTAAATENE
< 700 ;””&o Table 1 The user fairness in different SSI
4
g 650\ " SSI  BERE BRERE SHE
i BRERtRE
2 0 N ) ) 1 97882 86452 59264
™ 4 7 10 5 103250 104190 59264
SSI/TTI
10 96185 97355 59264

B3 RFE SSI FEHF Rt
Fig.3 The average throughput in different SSI

4 SHRiE

/MR BRI TR FF4EBE OFDM M B Sl 18 R4 b /MK %R Pokfeie . X TR/ K%
Rpgy et i, RIER P RS A T, 2 CEL A FEFER, AT —HEPRHHR LT REH
F, LR R TR, EREFL &S A A AT A B ER S, Y4 P ARER.
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Distributed Uplink Power Control Algorithm for
Multi-cell OFDM Systems

ZHANG Tian-kui, ZENG Zhi-min, QIU Yu
(Institute of Communication Networks Integrated Technology, Beijing University of
Posts and Telecommunications, Beijing 100876, China)

Abstract; The power allocation problem in multi-cell OFDM systems is studied in order to coordinate the
co-channel interference (CCI) and improve the users performance in cell edge. Based on the non-cooperative
game, a payoff function is defined, which would provide a minimum signal interference ratio (SIR) for each
user and consider the CCI from other cells. A multi-cell distributed uplink power control algorithm (MDUPC)
is derived by maximizing the payoff value. The MDUPC only needs the local information to coordinate inter-
cell interference and achieves the best tradeoff between the fairness of users and the spectral efficiency. In the
simulation, the parameter selection of the MDUPC is discussed, and the convergence of this algorithm is veri-
fied. Compared with the equal power allocation scheme, the simulation results show that the proposed algo-
rithm improves the fairness by 1.7 times with a deceasing 17% throughput.

Key words: orthogonal frequency division multiplexing; multi-cell; uplink power control; co-channel inter-

ference; non-cooperative game
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