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Abstract: In this paper, we consider the problem of minimizing sum power under the constraint of a sum rate in fading
Gaussian multiple input multiple output(MIMO) broadcast channel(BC) with additive Gaussian noise . This problem arises frequent-
ly in dynamic resource allocation of wireless communication systems. It is the complementary problem to sum rate maximization
with a sum power constraint for fading MIMO downlink. We first formulate the equivalent convex optimization problem using the
duality between the MIMO multi-access channel(MAC) and the MIMO BC. Then we derive a simple and fast iterative water-filling
algorithms based on the subgradient and bisection methods that compute sum power of the transmitter. Theory analysis and numerical
simulations show that the proposed algorithm converges to the minimum sum power globally and efficiently.

Key words: multiple input multiple output(MIMO) broadcast channel(BC) ; sum power; dynamic resource allocation; sub-

gradient ; bisection
1 3K

ERH XL EE RH A EEE 802. 16e/m( WiMAX)
M3GPPLIE # , WS R A RPRMKIAR—TNEE
B URE . R 0T BB U A A T M BT ol A K BUA
HREid: (1) FAEMIRANR, B RG K
H(sum rate) ; (2) X TAEWERAR, B/MELE S
b :

Xt T B S R 4R AN B I K 2% (SISO) IS T , STk
[1~4]E LRI T Th 35 B oh RECRME AL A
B WA ZEH (MIMO) RERARMFI A, KK H#¥
T RGEAPERES! (8 R0 o 3 D 3 43 B Foh S BCR K AL
EMERA. EAE WY SEARBTERESIHAPT

W B 19 :2007-08-06; 48 51 H 44 : 2008-11-03

RARERM T, & MIMO MAC FIERE RILHIZ AP
AR TEAKE . Jindal F|F MIMO MAC F1 MIMO BC
SHEX R -1 B R T MR L5 &4 F , MIMO BC i
R B R AL IR %8 v B R P SO, WK
HELE MG, G NAMES BT ERR TR
FER IR, IR M B B BEA T EiCiZ , W A KT
BP0 LA BB R 2 1 2 Sh 3R AL 1 2 — 2 1R)
B A RBE A& W B9 (0 AR ) 5 I, B e
SCHR(12]32 5 7 76 MIMO BC 1, YR iE B MR R
BT, MShRE/MEM B B B E SR 13 1R T
T FEERMREE OB E R ATt T
FE% MIMO MAC F1 MIMO BC f 16 %5 ; i SCER [ 14 ) BF3E
T XK 1% 5 QUAGE {5 8 4 A6 15 B (CDI) B, nfo] £ 38

2T H HRHRPFEES (No.60672048) ; T~ M i B3R (No.2008Z1-D151) ; MK H AP RS A AR E A H4S (No. U0635003) ;) K4

RPHE RS (No.7301261)



£ 1M

N FIFE RN T REFHT MIMO [ B {EE MRz R0 161

% MIMO MAC £ Fil /5 2 3R X 38 B9 19438 . LA b STk
(12~ 14]8fBE T &N FH P SRR R . RIT, i
[15]8F5X 77 MIMO BC A& F MR (AL T
B)—ENBAT, R H RN B /MRS, ZBER
BT — N RAR, LR CER10] PR BB KR
S BXBEEREA TR REEEE
(single block fading channel) 15 JE .

A SCFESCHR [ 15 ]I BERE B BF 9T 7 26 SF 3 F s R i
AT, T F H MIMO BC A4 3 #12h 2R i 8 /Mk 5]
B T RAEERE L (RF M EHRE) f23 8 L (R FH
MR ) AT EC . kR T Sh & 4 B A oh 24
Rl FH K BT AR KM T B oh R4 b jE 3
IRAR KM TR T ES M09 8%, A URE
MIMO MAC 1 MIMO BC Fy5H B B S 4E3E M T 178 5%
()RR A R — AN ™ B AT B 1R R AR UG R R T 1|
B R, BRI TETFRET M —RE Ry
USRI R P R KB, R R s B/ RIS
R FNZBEEBEREES I EERETRHS
BARP RS EERE.

2 REHER

ER-ANEIEE r BESFH XK, KABHE S5
A o AREECR LR R T 9 R A O 395 B K MIMO BC(X
MEXBESHE GNP ERRARERRENE
B), KhESFANmENBHELAMINER. H
FHRESE RN R EFER, MEEES T RNE
RPERARAT FEEFENRSEEHARN, B
HUBRERAELRMESHAEN. Bt , EX—RE n,
T MIMO BCBER RN :

yi(n) H,(n) z(n)
[ : }: : }x(n)+|i : ] (1
yx(n) H(n) z(n)

EERF, x(n) €7 RAEMRHNESHE,
w(nEF HRE kAMABRIINESRE, H,
()EF FKFREWGE NP ZENEEEER,
a(n) € &7 FIRE kA O 1 5T 75 3 e 7 1]

8,5 P z,(n) ~ CN(O, I). BE % B H W EH MIMO
MACHIF:

%(n)

y(n)=[H(n) - H}E(n)]|: j|+i(n)(2)

ix(n)
ERQ2)H,y(n)€ ¢ RREBBERIINES AR, %,
(mEF HRFM Kk RHMEEHE, Hi(n)EF
Rk P SR Z FM RS EER,2(n)EF &

AREWGEBURME B SRR, P 2(n) ~ CN(O,
I),n=1,2,,NRRARNEEZERS.

BE T RSTmmBlcR BT NEERSER
(Perfect CSI), 5 I & 3% 3 K B 7 Ak 4K 4% 55 ( Dirty Paper
Coding) JEHBE T KRBT R ~(K), (K -
1), ,n(1), K B—REEFIURF, XBERP o (k)
EFEERE n vTETE A3 3 (achievable rate) {1F :

Ry (n) =log ‘ I+ Hrr(k)(n)Z 0n<m)(n)H¥(k>(")|

Hm)(")z_j Qn<m>(ﬂ)H¥<k)(")|

(3)

Hrf Qn(k)(") = E[x,,m(n)xﬂ(m(n)]iéﬁi%m‘i&ﬁ%
RE 0 REERP (k) MEF T ZHERE, HEE T
BAREE. ik MIMO BC IR AR e H T AkE
N
Cam ey = log| I+ Heary (n) @rry (n) Hiy (n) |
|1+ Hy)(n) @1y (n) + Qrey (n)) Hin)(n) |

| T+ He)(n) @uty(n) Hizy (n) |

—log|1+

+ log

25 105 o
| 1+ Hyg)(n) @rity(n)++ Q) (n)) Hi 5y (n) |

B 1T+ Hui(n) @iy (n) + - + Qur-1y(n)) By () |

(4)

HR4E MIMO BC #1 MIMO MAC #4548 #:7-%), MIMO

BCHIFIAEL T X B MIMO MAC A&, FHit
R (4)BERABANT

Ca = = Cme™ = log | 1+2 HY(n) $,(n) H(n) |

(5)
He S, (n) = E[%,(n)z(n)]3%R MIMO MAC FHI /2
EEFEERE n RS EEM.

3 EEHARK

AR T 3% BT MIMO BC P34 F 3 R4 31
T 3 0 Dl 3 i B4R AL (25 18] B ] BR A 2 R ARG
f6) BRI EEA RN T -

min E{g)Tr(Qk<n))}

s.t. Ellog| 1+ Hyy(n) Qe (n) HE y(n) |

| I+ Hy)(n)(@r1y(n) + @r2y () Hipy(n) |
| I+ Hey(n) @riy(n) Hik ) (n) |

+

+ -+ log

I I+Hn(K)(")(er(x)(n)+"'+Q,(K)(n))Hf,{(K)(n)L

| T+He () (n)(Qeqty (n) 4+ Qe -1y(n)) Hi gy () |
=R" (6)
HPPERESFHEEENSTRITER. RBR, 4




162 HOF % #

2009 £

ﬁgﬁﬂ—/l\*i: Qﬂ(l)( n) ’ Qx(z)( ") PR QN(K)( n)m
B RY. IRT, LB (4 ~ 6) BBIEIE M M T 478
ot [ R A Dy A 4 o e A

minimize E{kZTr(S,,(n))}

s.t.E{logl I +2K)Hf(n)8,,(n)ﬂk(n)( }= R"
P

S(n) =0, Vk,n
(7
XE,BEn BR— M HEIER, EAFEERS n=1,2,,
NPRE. A FEERLRN, BB REEHRK
RS f(n) ) XREERRE 2B, f(n) RS

minkZ,1 ZTr(s;,(n))f(n)

s.t. Z;logl I +*Z;Hf(n)s,,(n)ﬂ,,(n)1f(n) >R
S(n) =0, Yk,n (8)

B (8) T A1, H¥r R B R, 24 3R bR JFE
EEREEERPRME. Btk (8) —R— R LRE
BB R R AR P S T Bk R L) E A
R T MG R R (8) MIFEFR G5 M 3T T T B B 3K
HZ P EREKE .

ATHERNRSE BETHREN a8 HEM,
BP f(n) = 1/N. FRAEAH R 85 T /4L b

min i 2 ETr(Sk(n))

mits 2 - log| 1+2H"(n)sk(n)uk<n)) > R*
S/,(n)>0 Yik,n (9)
4 ZAPEREANZE

B AR AL (9) MHLRS B B B T 40 F «

LS = DT Si(n))

_#(lNZ;logll+2H}f(n)S,‘(n)H,,(n)}-R“)
(10)
Hep p RIHEERBIHBIART).
FRA B BIR (9) B 1 H 3B B K
g(y)=sl(r:i)r:0L(iSk(n)|y#) (11)
Xt F R 0, N SR Slate” s Jk A4 BLSL, 3X A X 18 18] BR A
2. M OB 8 K M O %, B

2 log| I+ 20 Hi(n) Sy(n) Hiy(n) | BEAME T4

SEREE R RE RN A, B3t RIS 9),
Slate” s F A BSL . SR 46 (R85 (9) B8 38 3 SR A% F 18 A LA

B B X BRI

max g( )

s.t. u>0 (12)
bR, HRRE B A E R g () RIMK, o £
— AR, HE T DA AR — R R R RS .
RN g(u) PR LIRE B ERRBTHBE
RARER X E, R T TR %, R EHE
BT,

HTRE g(u)WTFHBE, B 578 KA B Ak 0]
(11). hr#& B3 H -7 (10) 385 4 L 24 S5 7T LA R 7S R
Tz,

LS ) =k 455 2 (2 TS, ()

-,uloglI+ZH?(n)Sk(n)H,,(n)‘) (13)

FIFA Xt {8 43 f# B B ( dual-decomposition method )8!
XD MB/MERT AR N AT RER
/M.

g.(p) = g}inr}XTr(S,‘(n))

- plog | 1+ Hi(n) S, (n) Hy(n) | (14)
FRL , HLA B X R () BRI -
g(,u)=~1ﬁ Eén(;z)ﬂdi‘ (15)

M 2E R (14) H 8 5— A B AL [ B2 1A 4
BUEREE R

é“y):mlog ’ I+EH?(n)Sk(n)Hk(n)’

-;‘; DT 5,(n)) (16)

REBR,KXO6) R T LiLREE. A, FAHT
R RE KR BEERITERX(16) P H S, (n). BRA
(16)F KOs B H BRI T

L(S:(n), ) = log | 1+ 20 Hi(n) S.(m) Hi(n) |

i LTr(S,‘(n))+Tr(¢55;,(n))

17)
H o, BBIEEARA XMEREXEE R, Karush-
Kuhn-Tucker( KKT) %4 6 @38 53 #4439 L /9 S, (n) = 0 i
5.

Hk(n)(l+zHH(n)Sk(n)Hk(n)) 'HY{(n) = —1 @

(18)
LB R R EEE KRR AER(16)4 t
RIRIRE , o 22 BB AE ), BN UG T KK P R B Y. K



£ 1M

TR IR T FHFFHT MIMO [ B {5 E Az 244k 163

RS R A T B 1 ORER

Wik 1: BREAKFH S A PEREKNE

8% 58 KK
While B 3 AKK do
For k=1to K do
BEISHE L iwr, M S AT ZBAP B
end for
end while

ERBHT MERAP BAEKEERRELRAE
FE KB R AR AL R (S) B BRI (12) , 15 7R &
#3 g TFHE. BHRAR 4 BIR (15783

g(p) =sr(r:i)r;0;zR' +l1V Z(;Tr(sk(n))

- log | 1+ 23 Hi(n) S,(n) Hi(n) |)

(19)
4 S (n),k=1,,K,n=1,--,NREER(19)
IBALAE . HL, 5 F 6=0, BBIRBIN T RAR:

8(0) = ” + 4y ST ()

~tog | 1+ 33 HE(m) 57 (m) Hy(m)])

> £(8) + (- D) (R"

_iN nzl_v?log‘l+§H?(n)S[(n)Hk(n)|) (20)
M EXAT IR

h=(R" - glog‘I+§:H?(n)8;(n)Hk(n)’)

B g(p)HTBE. BE-SREERETE R

R > 2log| 1+§;H§f(n)5[(n)ﬂk(n)|

BRI KK e, BB HEKKF o B R
OB LR
FR R BB RAT AR T

Wik 2:

(DB Lmins st

(2)BE g = (tmin + o) 723

) HEKKE o RAKE 1 RIFBAARE(13)

@HHETFRE R IME R>0, rin =, BN prome = p3
(S)MNR | ey = o /DT R EIRE BB L, BN, 2R (2)

5 WEEFESHAITHNGR
B TASCR BB FR T QAR R R PR 45

AT SEREKMEE, BB ERERARN
BBEERR 0(K), TtrER N BB d T8
RATHGFE AREENERERAPEMIY 0
(K). XRAAXEEMFT 08, U YR fAEE
BIRTATRIER AL B 2 R
HEETRAOTENHED,BE T ST R
R* =40nats/s/Hz. P R UEMBIMHPBEEF I REK
& FEBEE TRESNGEEER. B EEREMN
fRECE, B E AN F EZMSLEAX R T
BN RE EHEPRBREFEREH V=50 & &

B,
39
38

0 2(1) AIO 6;) s'o 1(;0 12;0 1410 1610 150 200
BRKE
Bl Mu—sERt, MRS
E1SIET YKk EFEE, APH K=106%
B 1 AUEE. AR MR RE E B KEME
FA PSR E B, BCSUE B H iR

x10*

22

--- k=10
2 — k=20
840 == K=50
16
1.4

1
A
08
06Lfv

0.4

L L L L L L
20 30 40 50 60 70 80

BRI
B2 %A %K=10,20,508, H20 itk ek

B 2 #S1E T 7E 3 ¥ B3 MIMO BC X4 F /= #0451
2710,20.50 BB ¥ 2 YU tE. WO A AT LUFR
HZES 10 SO B EA FE SRS W&
BRATROEE R4 T BRI SGE . [ B A SC B2
HTARMAF K, BERHREEHERAZHF K
AR, BRI R ST T P

6 it

AX|BT—FEREKEERERBAERG
FHRARNEE L MIMO BC FHK AT R B
/ML 1S . e F F§ MIMO MAC F1 MIMO BC #¢ X {8 2
WHEIE M B T 475 B R 5 AL 0 O AT B (] R

L
0 10



164 i ¥

¥ 2009 4

AR TR R DA A ) A B L X £ ) ) S5
T T TR — AR R R I Ty ik 2 R K
SRR A T RS B L X {08 [ R, DA 0 SR A 1 D5 ) L
BRIR A B AL D BUR W T IR SR B T B
B 77 BE FVRGHE F WSS i L, A SO B A2 L P
SR v R O I T T

B% 30k :

[1] Tse D N C,Hanly S V. Multi-access fading channels-Part | :
polymatroid structure,, optimal resource allocation and through-
put capacities[ J | . IEEE Trans. Inf. Theory, 1998,44(7) : 2796
- 2815.

[2] Hanly S V,Tse D N C.Multi-access fading channels-Part [[ :
delay-limited capacities| J] . [EEE Trans. Inf. Theory, 1998, 44
(7):2816 - 2831.

[3] Li L,Goldsmith A. Capacity and optimal resource allocation for
fading broadcast channels-Part | : ergodic capacity[J]. IEEE
Trans. Inf. Theory,2001,47(3) : 1083 - 1102.

[4] Li L,Goldsmith A. Capacity and optimal resource allocation for
fading broadcast channels-Part || : outage capacity [ J]. [EEE
Trans. Inf. Theory, 2001,47(3) : 1103 - 1127.

[5] Telatar E. Capacity of multi-antenna Gaussian channels[ J] . Eu-
rop. Trans. Telecomm. , 1999, 10(6) : 585 - 596.

[6] Yu W,Rhee W, Boyd S, Cioffi J M. Iterative waterfilling for
Gaussian vector multiple access channels| J ] . [EEE Trans. Inf.
Theory, 2004 50(1): 142 - 151.

[7] Jindal N, Vishwanath S, Goldsmith A.On the duality of Gaus-
sian multiple-access and broadcast channels[J]. IEEE Trans.
Inf. Theory, 2004, 50(5) : 768 - 783.

[8] Vishwanath S, Jindal N, Goldsmith A. Duality, achievable
rates, and sum-rate capacity of MIMO broadcast channels J] .
[EEE Trans. Inf. Theory, 2003,49( 10) : 2658 — 2668

[9] Viswanath P, Tse D N. Sum capacity of the vector Gaussian
broadcast channel and uplink-downlink duality [ J ]. [EEE
Trans. Inf. Theory,2003,49(8) : 1912 - 1921

[10] Jindal N, Rhee W, Vishwanath S, Jafar S, Goldsmith A. sum
power iterative water-filling for multi-antenna Gaussian broad-
cast channels| J] . IEEE Trans. Inf. Theory, 2005.51(4) : 1570
- 1580.

[11] Yu W. sum-capacity computation for the vector broadcast via
dual decomposition [ J]. IEEE Trans. Inf. Theory, 2006, 52
(2):754-759.

[12] Oh J,Kim S J, Narasimhan R, Cioffi J M. Transmit power op-
timization for Gaussian vector broadcast channels A]. Proc.
IEEE Conf. Commun. [ C]. Seoul: IEEE press, 2005.2712 -
2716.

[13] Mohseni M, Zhang R, Cioffi J M. Optimized transmission for
fading multiple-access and broadcast channels with multiple
antennas| J | . [EEE J. Sel. Areas Commun. ,2006,24(8) : 1627

- 1639.

[14] Zhang R,Mohseni M, J Cioffi. Power region for fading multi-
pleaccess channel with multiple antennas | A ]. Proc. [EEE
Int. Symp. Inf. Theory[ C] . Seattle: [EEE press, 2006.2709 -
2713.

[15] Michel T, Wunder G. Sum Rate Iterative water-filling for
Gaussian MIMO broadcast channels [ A]. Proc. 9th Intern.
Symposium on WPMC| C]. San Diego: IEEE press, 2006.
2007 - 2011.

[16] Caire G, Taricco G, Biglieri E, Optimum power control over
fading channels| J] . IEEE trans. Inf. theory, 1999, 24(5) : 1468
- 1489.

[17] Boyd S, Vandenberghe. Convex Optimization [ M ]. New
York: Cambridge University Press,2004.

[18] Bertsekas D. Nonlinear Programming M ] . Belmont, Mass: A-
thena Scientific, 1999.

EEEAT:
e FRFE  H 1981 AEHAETHIREER, 1l

KSR ERFBKA R/, EEwf

FEJ5 1) 29 2 FH P MIMO 8 46 069 14 6 S AR AL F) re-

lay REEMERESMT .

E-mail : gilbert . gpli @ gmail . com

8 A 192 AR TS, Pl K
EM A, BRI 0 F — (%
A .

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



