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Abstract In this paper, the closed loop transmit diversity technique is investigated. The RAKE receiver model and the
weighting vector algorithm are presented. Since the feedback delay in the practical systems has considerable effect on the
receiver performance of the closed loop transmit diversity technique, the performance of the RAKE receiver with feedback
delay in the time variant wireless channel is analyzed and compared with that of the open loop mode. Theoretical analysis
and simulation results show that the closed loop transmit diversity technique outperforms the open loop technique in the

environments with low speeds and low path signal-to-noise ratios.

Key words Third generation mobile communications, WCDMA, RAKE receiver, Transmit diversity, Closed loop

transmit diversity

1 3]

i

SEPARRMIITE . REERRKALMRN—AENR
FB. BFER, REASBUARZRZEW, BRETHRBR
RESRENIRE, RETITEBRBZOAEREFES
BV, WCDMA Bahi@l {5 iRk T FFR AR B R R %
DEBR. FENERNETRAARREDIRORLETET
—HF MBI BIE 00 RS, RIS B T X
RIZESHATIMN, B RRE/EEIESRERAERK
ThaE, BT R ARE o SR BOR R e SR 4t bL 2 T 2 I 4 B B IF
BRI S S BAR TE AT (R AR D

Wi, ROtEER LR SBRBUS BREIR, TRFER M
7% BEVR B R R B AT S R, XS E R B PR
R EBORRIBWERE, JUH R REB SIS 1 R BT R
RREFEXREEMEAC. IR0, 101947 T #2518 R i

2004-04-02 W(E], 2004-11-08 2[5l
E K HRRFHEE(60496311) B B RE

WX FERHFHTIRPER, HAHTHANAEGAR,
HHASARA RS EEENNERAYE, RER K
BT RAREIE R WAL F RIS .

AILE L WCDMA R MM RIXS#H RAKE #
WO R RnUR B HE, Ha T ZEBNEE P RIIER
B AR, S T RIRIEIEST RAKE Sl 7
BfsTHEmmRIAR, ST e 6 B R s s A
18R, 18 T WA AMAR RE S BRI ARBED)
B, BRSO AMERARTRRIE S BEREE S
BIKBRBER MR T R R TS S0EE R, T
R EBAREBRHEE MM b AR e ks,

2 WCDMA ZZERFIRE XS EBWEE R I
XEHZ%

WCDMA REMMRESENERLEHME | PR, B


http://www.cqvip.com

1442

i

8 % # B27 %

S5 2

&—

P P
Cen Cocramb

B 1 WCDMA RESTRFAIRIE BN RIELEH

BFFFI RSB mIG  R R BB YRR A S SR
5, ARG ELRRERA T SmLE, FEEHER
Rk, FANEEREVEIETF w, w, MBEREL 2.
Bl M, HRHRAFBBEENALSHIEENSE
B, el Flclh o SRR HBEEEMAXSHEENE
Wig. MRETF w, w, HBHEBBHRE, H5 LIT5HH
F1 15 B(FBDIEA IR 5 B bt R S L.

RIEFESETNMBERHEFEET UH - RERN
2 B s (i Sk R R R R B3, 83 RAKE #
WHURRY . BRIRF RIZR LML 8T MRIERH N RE L
MESHE LMK, BHAREEKESHERREETR
X

LOEDIDINACAGEATTIE M

Kb s,(0) AB I REREMRERES, h() AEi RIERL
BIRFEREESY, AEHHESEHIE, HERHELS
53 2 Rayleigh SRS 1, Wi REH | R
SHER, () IR TR SR 1 it & i
B, HBAThREFEEAN, .

BHERBSPFSMEIHEEFTEMRNEER, BN
EREEEZMRNRENE SERBHEN, BahakiD)
FIXFBK. BEHEEBREE m NS H BRI E IR R
X

P(m)=W" (m)H" (m)H (m)W (m) 2

HA W m)=[w(m) w(m)] IEEE m S # R
KA, HEERE T LB [mm)] +|w,(m)ff
H(m)=[h(m) h(m)], h(m), h(m)53BRFENE
BEREFNBEWREAMEERBEWN,  h(m)=[h,(m)
Bo(m) - B (m)]",  hy(m)=[hy(m) hy(m) - by (m)]",
() RRERE T

MR ()T 40, HY(m)H(m) 3 Hermite B§, BahaEK
Th P(m) MR KB/ IMEN B (m)H (m) K& HB KR/

=1;

TR BN THE P(m) iABIB K@ /N W (m) B3N F
H (m)H (m) ¥ B K (B /N T AR B AR AEA LA AT ) 8.
SERE H (m)H (m) BB B KB/ HEAR 53 304

Ao(m) = )| + |, Gm)|* + /ACm)
2

A(m)= l (m)"z + ||h2(m)||2 - JA(m)
2

2
Fert AGm) = (i )" =) )+ 4|83 eyt )|

HHBEIEE SRR RIEBIR XM NEK R W (m)
MR T KR

3

s )| = |l ) + /A m)

2k (m)h, (m)

wy(m) = wy(m)

(%)

— ., wm A ZH, B’ wm=ame®™ , H
w (m) = J1-a*(m) . FBNIHEILFIB AN /™ F a(m) K

29m _ hz:(m)hl(m) 6)
| s e o)

e )| 11, )| +y/A ()
\/( |y ()| =y o) +4 /A(m))2 +4)hf (e )|
RIE WCDMA RGN &% M0 R M R A5 AR
R, WA A 2 FTTH RAKE BUHURE R, 78 R 50
B2 d(m) i, BRI R ENES Y
r(m) = \J&, [ (m)w, + hy(m)w,] d(m)+n(m)  (8)
He e, REEMIBHEHE, n(m) BRERY PP Er8E
#{li. RAKE BHMENETREN SR H kTR
U(m) %

a(m)=

)

Umy=Y " d,(m) ®
o d,(m) = e, |1y (myw,(m) + By (m)wy(m)|| d(m) +2,(m) ,
z,(m) = [ (m)w,(m) + by (m)w, (m)] m,(m)
Xt U(m) BEATREACAFREG, WBEMERFS d(m) .

g | KR
B g | B S
s
hy —~
h;:—.’ L w
Es 2 AR RN

M ik

hyp—=
B2 WCDMA REHH K% 1 RAKE B E!

3 HEEERRIRE RN ALK XS EiRG TR
aE A

BT EMEREHAES m 555 2RI KB W (m)
2 BB R R B RIS, BT R AR


http://www.cqvip.com

FEoW

¥ B NRFEMEET WCDMA REM A RIE > B ITERES T 1443

& BT ER BB HHEAT DAY 2 IR FEAE — 52 BB FRESE, 3K
R R RS RORER R AR . R VR B AT IR (8 15 Bl L
WA T AT LIRS BB, AT S0 AT 3R R 322 4 4
Bl

BN EGBAEEL T R TR EE
(WSSUS), BAFA7 KA 2 BRI Jakes 3515 MR,
F—RAFEN BAXE R r, (n) RET (585 50 5

1 (n)= E{hy(m)y(m-m}=clJy@nfnT,)  (10)
H E{ }ETREIEY, o2 WE i REZE | RHTHY
#, J()NE—LBNNEREY [ EERRSYEY
P, T, h— N SHFEHE.

BRBREE, HIAREREFEBZELIME, BA
HHFETHE 0? . RATRAH—Yr Markov T FERFER
fS T FE MIAL SR BEAK 18 19 20045 S B A B 220 0 38 Ak

h(m)=Jo(2n fnTh(m=m)+&(m),  i=12 (1)
Ko nT, RRRWGER, h(m) FTE i REE m G025
EBY, &(m) RIS, AHTHME, FENol, Bk
2

ol =J;Qn fynT,)o! + 0} (12)

BEit FER 3% 50 5E RAKE HEOHLIIB B Bl Th R 4

P(m) = | (m)w,(m) + hy(mYw, (m)|"

2

=| h(m)h; (m —n) hy (m)h3 (m — n)
Mam—dﬂ%m—dthwﬂW+%m—dz

(13)
FRADRA LA HAB B
P(m) = A(m) + B(m) + C(m) + D(m) (14)
e
A(my= 3@ fynT,)| [ m = m)f* +|fy(m—nf* ]
B(m) = Jo (21 fynT,)[ & (m)H (m = n) + &, (m)Hs (m — )|
Clm) = Jo(21 fynT)[ & (m)hy (m—n) + & (mhy (m—n) |
|60y (= ) + &y (myis (m = )
| = m)[* + [y (m~ "
FRORGEFL, B3RO R FAZR % 4 BN
oS gt 1,

E{P(m)}= E{A(m)} + E{B(m)}+ E{C(m)}+ E{D(m)}
=20}J;Q2n f,nT,) + 6} as)

D(m)=

e

E{A(m)} = J3@n f,nT)E{|m—m)* + |y -’}
=2J52n fynT,)o}

E{B(m)}= Jon finT)| E{E (m}E{h (m - m)}

+ E{&,(m)} E{h; (m~ n)}] =0=E{C(m)}

E{& i en—m) + &mmom -’}

E{lon—n)* +|pyom - [’}

_Efe ol | on=n)f? +1g0m) [pym -y}
~ E{he-nf +|im-n)’}
2.2
el
AT, A RBEEEN, FIFRR%4HE RAKE BUHLE T 105
K EEE T RIS S0 20202 Qn f,T,) R RBIER 3]
AR o7 .

HRGEERMIEE SRR ILEER, J5(0)=1, 6} =0,
H=(15)5 3 E{P(m)}{No_DEW =20} . X5HARKENSELE
TR AEIE 6 (15 R — B

I 43 i o S 3% 4 S R IR AR TR R M
B PSS RS RN

E{D(m)}=

R, = —IOIOg[%mJ =-10log[ J¢ (27 finT)]
(16)
BHRASHFR(2) W HH RIREEIE K A KL EEEHLS
HEFIE T 7 b

o _20005QunfnT) _
cL No/e, +0}

2J32n £;nT,)
" Ya+1-JiQ2n fynT,)

an

H¥ a=g,02/N, , HEFEEBBHTLHESLL.
WCDMA Fr#ER F B TP STTD K% 74 i RAKE #:1
Bl P 3945 Tt P 2,
g 1

Y- =F{=5_
Ystrp { N, 2

Qmmﬂ=a (18)
g (17)5:0(18), WLI18F] WCDMA REF ANk
RAEIFFIF STTD REMEBARBAN ARSI E L4, ©

R FRERMAEBILIE nT, , FERKSEHAB £, Mk
BEHERta .
% J,rfynT,) 2 ;—‘; ﬁogs%% 5
A
YeL 2 ¥stro (19)
HERHHE, LRESRETRBBIESLREVHM
BRBEEZHMALHK. aX09)TH, LTTEEFHE


http://www.cqvip.com

1444 B 7 5 £ B % #

$27%

Mg ER, ERARMERRGFERKS TV HL
JoQufnT)21/V2 B, (4T WCDMA #RME RIREER K
—ABEBR 0.6667ms B, £, =269Hz), HIXFKi%4r8%E RAKE
BRI AT T ITEF STTD sr & fi it fe.

4 HESHSHARER

AT RIEEFERAN, FAVAMUEE THARRESE
ML, RN THESRML. HAIE COSSAP £
BT WCDMA RGP B F 3 K% 434 10 RAKE #l
HEFE, #ITTHEGE. E5AHEITRA QPSK, chip
&K 3.84 Mcp/s. {EE, FS5EREZRN 240kbivs,
LA MTLHIRK /NN 32X 75, [FiEREH 13 BRRL, 4
WK R 9, (SIEBIRCY M.1225 95 (5 A, AN
FiEMG, FHERRE BB chip. FSERMBRELRAL.
HAHEESHERELBREREREREN B K
SEHA K. FRHAET RAKE &#H72%00 3. UTHE
i E, AR REMERE SRR, N, Amia
MRS (A T R IE .

B 3 RBRT PER R E S SETE R AR TE Th A RIS TR AH XY
FERBEERNBRESH P ER R EFERK
LU IB RN, HEFTR, 76RBEEIEREEAR
T, BBRAZYUHMBOVIREN, 7S E9hERAE
B MAURKEZEPABHE— LA, F5FHhE
FRBRMNK. AERREB T BB S FHTHELIR
Tk, RRE/ RIEER A S N A R R K
% YA BB K.

40

W
w

SIEBK Ploss (dB)
N
S

et
0 100 200 300 400 500 600
BREBEBHH f,(Hz)

- RAREER =0.66Tms
- KRR =2.668ms

B3 HRPER R IR RS S RS S P Th RS kiR
B 4 BARBZFIERLTIFRFMFRREDE
RAKE #: ¥l 8 ! ¥ 33 1§ T Lt (Expected signal-to-
interference ratio) P{FER KL L PMB AL, AL
EFi, FFERSTTD RiES i TERERKH THKRN 2R
%, RIET 5 RAKE BEHLRAIRE N FIET . W
HRESEEFILEET A RANFOETI, BERE
BRSYEHIBAEM, ARSEGTHET HEETRK,
BIERZENTHRRFETT.

&
o

B 5 RET ARG E R AL LY MNARBRIZER
B, FFERFIFER K% 548 RAKE BV & I PI9EFILE
fRX . B 2R AR R BEER T A RIE A HHIF
FHETHRNESE, 42 EOXKE, FRARRRNT
BET: ERZTHXKER, AXAFREATFHRETLIL.
HERTLE L, WHRESEERTPHESR LRENEE
BRZEHIABBR PO EARFTE TIPSR
Fib. HLETHRDRMEREER, BARBIEEN AR KIE
5% RAKE #BHLA 3915 T LXK /b

50

30 % LR
'7CL<7s1'm
T X
-10 Yau>Tstm,

0 60 120 180 240 300

)
)

S o

FEUS T (@B)
=

FHfEFt o (dB
N
[=)

W
[=)

0 200 400 600

BREZ YU /4 (Hz) BAZEHHY f,(He)
STTD B .
- - RABEIR = 0.667ms
T e - RABER =2.668ms
~ = SNR=0dB
~ = SNR=-3dB
~ — SNR=-6dB
RIRGEIR =0.667ms
B4 TR THERLR Bs5 ARRBER TR
Pt R 1% 55 RAKE # K %44 RAKE SWHLTH
WL 5 T L iR IERMEAT1g:0k: 2B 1= 4 51

E6fE7TRAFKNHER. WCDMA FREPLEHTH
FEAERESETR: FRER 1 MARER 2. #H:1 R
RABIALR B D AREL o(m) M EALFE R, RIBIEERD—AE
B 0.6667ms . Bix\ 2 RIFIMAUR B AL p(m) BB a(m)
HEBWER, RIFIEEL 4 DB 2.668ms . Bl 6 B/RT
ITHE T AERESEH AR RAKE Bt fe. MERATL
B, RESEGRIBUERONEHLEE. LTHAR
PEBARR RGP B THH STTD AR, HHXRSER
3 2 3t T HH STTD MM aeam KT 2dB . XEH THH
ITHET, FEAETERRK, AFSERAER RER
ERE BB, FESHEARE, EMEEREUREELT
FFEF STTD U B RIS .

B 7 8 T ARZEFEN &R IEBARAE RAKE
BUIRTE 107 RIS R BN RE BRI E, / Ny )FI 5y DU,
HEWR, ESTRERREEBSIET, ARERES
SR TRRMIERME, RHARAKSEE. BREES
BahemBENEm, XS EREBOMH RN ERHRAD, H
TSR AR N RREA D, HETHARES
f. X TR 3 E RIS E TR R, R
NEBARZ IR TR, FIFEIE TR IAR BT
BUARAL BB FE A A RE (R Th R B K, MAH


http://www.cqvip.com

#9H ¥ BE.NLREEE S WCDMA RY I RS £ HHERED T 1445
BAR
1° - Raghothaman B. Transmit diversity in 3G CDMA systems. JEEE
- 014
107 EE% Communications Magazine, 2002, 40(4): 68 — 75.
o 10 Y
& 107 \\ &g g [4] Hamalainen J, Wichman R. Closed-loop transmit diversity for
107 e &
107 \ ﬁﬂg ‘2‘ FDD WCDMA systems. 34th Asilomar Conference on Signals,
0 4 8 12 16 20 B %9 25 50 75 100 '
Ey/ No (dB) BEBEME (kavh) Systems and Computers, Pacific Grove, CA, USA, 29 Oct.-1 Nov.,
Skm/h ~ RRERE S -
~ BRERE . ST 2000, vol.1: 111 — 115,
~ STTD ~  HEER 1 Da Sil 1 j
~  MHEER 1 T a2 5] a Silva M J, Taffin A, Lasaulce S, Buljore S. Closed loop
- HRER2 transmit diversity enhancements for UMTS narrowband and
Be6 BITHKETEM B7 RBRRESEER wideband TD-CDMA. IEEE Veh. Technol. Conference, 2001.
RIEHAEAR K RAKE AR R R K% Spring, 2001, vol.3: 1963 — 1967.
HAHLIR LhRr i FatE aEI8 a8

REEEEAPNFESNANFESHEAE, ReRkE8s%
HECH 2 o EREE . BTUL, MR REARTERES D)
HETRENE, MITHSRBAREBIE R ZIRIIRE T
RARENEREER. AREBERS—PRE, FET
SRR, FEAETRBIEE, TRNMEERDER
HHEAOERWE, BWRLKEN RAKE BB T—
B, SRR IR 2R IE 4 8 5 1 A RIS SR AR W e HO RS T
SR 0B R 38 N R TR A REAE B R M RE K .

5 HRE

AL H A WCDMA R4 HAH Ri% 5 £1 RAKE #
BOER RIURBHE, o THNEBHEER RRER
SHEWPEREAI R, 45 T F7E R IRER I RAKE B0
HAEIET Rk, ETT LA #E 0 i B Bl R R R
B4R, fRE T R R AR RIS R RR RN RBE)
HEE&M. BRANMRGEEREYN, MHRESEEKRE
BHAREBAERILAETRER T RS LMK
gk, TOFFER ERAREREERNMAE D AR
Bt gE.

2 X X M|

[1] Tarokh V, Seshadri N, Calderbank R. Space-time codes for high
data rate wireless communications: performance criterion and
code construction. /EEE Trans. on Info. Theory, 1998, 44(3):
744 — 765.

[2] 3GPP, TSG RAN, WG], Physical Layer Procedures (FDD), June,
2000.

[31 Derryberry R T, Gray S D, Ionescu D M, Mandyam G,

[6] Nagaraj S, Huang Yih-Fang. Downlink transmit diversity:
feedback efficiency and robustness. IEEE International
Conference on Personal Wireless Communications, Hyderabad,
India, 17-20 Dec., 2000: 14 — 18.

[7]  Onggosanusi E N, Gatherer A, Dabak A G, Hosur S. Performance
analysis of closed-loop transmit diversity in the presence of
feedback delay. IEEE Trans. on Commun., 2001, 49(9): 1618
— 1630.

[8] Hwang Keun Chul, Lee Kwang Bok. Efficient weight vector
representation for closed-loop transmit diversity. IEEE ICC 2002,
New York, NY, USA, 2002, vol. 2: 732 — 736.

[9] Raghothaman B, Mandyam G, Derryberry R T. Performance of
closed loop transmit diversity with feedback delay. 34th Asilomar
Conference on Signals, Systems and Computers, Pacific Grove,
CA, USA, 29 Oct.-1 Nov., 2000, vol.1: 102 — 105.

[10] Hamalainen J, Wichman R. The effect of feedback delay to the
closed-loop transmit diversity in FDD WCDMA. IEEE PIMRC
2001, San Diego, CA, USA, 2001 vol.1: D-27 — D-31.

[11] Papoulis A. Probability, Random Variables, and Stochastic
Processes. New York: McGraw-Hill, Inc. 1991: 86 — 124,

(12] %%, EFS), KLHR. WCDMA RERE S EBEARNMEEES
Hi. BFER, 2002, 30(7): 986 — 989.

¥ & &, 1970 B4, B4, WNHRKBDHBERLFESD
5EREHABA.

F & 5, 1977 &4, Bt4E, NEREBHBRFERLGES
it RERBSFEEEEREHEARMTFSA

HMR: B, 1962 44, ML, HELERE, PEAFELEHE,

EX 863 HfE EMERMAMAK, FTEHRATMARKE
FosAEGHEERR. BRESLREHER.


http://www.cqvip.com

