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DESCRI PTI ON SYSTEM METHOD, APPARATUS, AND COVPUTER
PROGRAM FOR W RELESS COVMUNI CATI ON Technical Field The
WQ@e@samsos nvention relates to a system appar aeCEJP2005/007747

met hod, and conputer programfor wrel ess

comuni cation to inplenment a w deband radio

transm ssion between a plurality of wireless nodes or

termnals, as typically perforned in a wirel ess Loca

Area Network (LAN) . |RERERLPEULAr, this invention

relates to such a system apparatus, nethod, and

conputer programfor wreless communication that

enhance comruni cation capacity by carrying out Multi

| npuEYNEEY T MIGEROR, (M RAAEGPMUANBat PYRUTBRNERAGRAMpFER
i cal channels formed between a pair of a

| o
WIREERIH CPEHUNLEATHENt i pl e antennas and a receiver wth

nmul ti pl e antennas by exploiting spatial nultiplexing .
More specifically, this invention relates to such a

system appar at us, t hod, and_gonputer program for
Wi rel ess connunicatrgﬁggﬂ%Faiaﬁﬁﬁggut cl osed-1o0op M MO
i SSI ' j | | d iti SVD
of 8 Ch e heTeRh FHRoh (i eFehehes Fhiaf BVStENanfEPSLatus,
net R Pruns ShnbhiPae brgBPRa 202, ARCCIECE, LBrRUhTAART o o

im%‘g SOPRULET REAG ?Q&i?rtfﬁr{s‘?ﬁfssii&?%'&ﬂzie%%t hQM LNt ¢y o f

ance transm ssion efficiency by decreasing ‘regi ons

wipk1E8bengnes skopalsimhigh QE%?EEBQ@QWB%H&%@%@ in a
transmtter and a receiver for Channel "nmatrix
wireless Local Area Network (LAN). In particular, this
invention relates to such a system, apparatus, method, and
computer program for wireless communication that enhance
communication capacity by carrying out Multi Input Multi Output
(MIMO) communication using multiple logical channels formed
between a pair of a transmitter with multiple antennas and a
receiver with multiple antennas by exploiting spatial
multiplexing.

More specifically, this invention relates to such a
system, apparatus, method, and computer program for wireless
communication that carry out closed-loop MIMO transmission,
using singular value decomposition (SVD) of a channel matrix
with elements that are channels for pairs of transmit antennas
and receive antennas, and, in particular, to the system,
apparatus, method, and computer program for wireless

communication that enhance transmission efficiency by

decreasing regions of reference signals which are exchanged
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acqui sition during SVD-M MO communi cati on. Background
Art Sharing information resources and equi pnent

wo e@snowes can efficiently be inplenented by chopiR205/007747
networking typified by LAN.2 Now, wireless LANs draw
attention as systens that free users fromcable wring
in traditional wired LANs . Because the wirel ess LANs
can di spense with nost of wiring cables in working

betpaensastchnanisteircend eompgrilvati dort ertanmadls ot x
as personal conputers (PCs) can be noved nore easily.

aceéshtion Berange SYD-¥ANAncedrspdead tdaed .r educed price
of wireless LANs, the demand for wireless LANs is
I ncreasi ng significantly. Particularly, introduction
of a personal area network (PAN) , that is, building
of a small-scale wircPRSEIHARGACW th a plurality of
el ectronic devices that are commonly used . in |iving

envi T RAERT s1REPTTA bPﬁaFﬁaﬂueeﬁﬁuﬁpéaﬁﬂaﬁpiﬂ@nﬁeffﬁgources
caf LN ¥ Brostb Lo P GATEyCESrRC A Goe dalpi i ea
oy 3 WS Ll e PG v, PR PR e RESR s Rt dmee
usbECHIRE, LLOALIRE. SUPILVE SOLY: AR DPLI{aq Ixi%'égg'%%ausethe

st an or wreless ne Ing I ncC ude

mi@%sg Yt Of o Bl ectgd cal and & g%%%ff%@agaﬁ%g;ﬁ working

1 (e.g., see Internation t an

sp§§@8 é&cﬂ9§§ éEk16@§'/bgﬁﬁu§aéa%9%nl%er%%%%l§d BN a5
Part 11 :Wreless LANMEdi um Access Contr ol 8 8

pefbaﬁaya&omgueéréPwyts$p@ahfb@ahbeea)mHk@e@héNﬁ% (e g,
see ETSI Standard ETSI TS 101761-

Recently, because of enhanced.speed.and‘reduceciprlce of
wireless LANs, the demand for wireless LANs is increasing
significantly. Particularly, introduction of a personal area
network (PAN), that is, building of a small-scale wireless
networkwith a plurality of electronic devices that are commonly
used in living environments for information communication is
being considered. According to Japanese Radio Regulations,
different wireless communication systems and devices can be
used in certain frequency bands, e.g. 2.4 GHz and 5 GHz bands,
which are permitted for use without a license from the
supervisory authority.

Typical standards for wireless networking include IEEE
(the Institute of Electrical and Electronics Engineers) 802.11
(e.g., see International Standard ISO/IEC 8802-11:1999 (E)

ANSI/IEEE Std 802.11, 1999 Edition, Part 11: Wireless LAN Medium

Access Control (MAC) and Physical Layer (PHY) Specifications),
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Br oadband Radi o Access Networks (BRAN) ; HI PERLAN Type

2 ; Data Link Control (DLC) Layer; Parti: Basic Data
wae@ss@sns Functions, or ETSI TS 101761-2 V | PGI/JPR2005/007747

Br oadband Radi o Access Networ ks (BRAN); HI PERLAN Type

2 ; Data Link Control (DLC) Layer; Part 2 : Radio Link

Control (RLC) sublayer), IEEE 302 .15 .3 Bluetooth

conmuni cation, etc. A s for the | EEE 802. 11 standard,
Hiphsh&Ndee (al go, i sse eihhcktanveasd onBST EEE 180274« V.1.3.1

(e.g., see Supplenent to | EEE Standard for Information
Br@é@gﬁ@ﬁoﬁs(dmmwﬁiﬁﬂ‘mk%r@%ﬁd /i HLBERARANOfiype 2; Data

.exchange between systens - Local and netropolitan area
LipktGiriee L (Bpetilfayet/efar Edrepasic Drart Tuansywrefegstions,

LAN Medi um Access Control (MAC) and Physical Layer
or(BLWY <pgeéPiiEarroNs: SrilgRropeeanthieidd Acspss Ne g ks

5 Band 802. 11b, and 802, H g for different
(BFRYLY oELP EBIARINTERE b 0558 orbnarfcP T el Ry- harmieer/ Part

2+ L B G e L ﬁ%ﬁmﬁ%ﬁﬁ%hféﬁwwmm

colfiub e3P s e i Fha R ErE (o o L S afiar phere are
| j i | EEE _

2158, £ Ole Rl A ANAPEREE 502, 118) EFS: s st ent

to%kﬁﬂ’ss aadagdekgﬁcgh%srinart%ghwchﬁio% than 100

ps and to esta next-generation wrel ess LAN

Te$baBMANASca TNENY MY GOIFII B8l d PR hEHAG! B L LEATL P ems

as one technol ogy for realizing higher-speed wreless
LoE8NMAAH Gid t Shlo TieaM M 4 et 0y -aBYRMUES ¢ requirements

enhancenent in transm ssion capacity and comrunication
— mpeed] : aised s aaANIMEA st hedewetentrol (MAC) and Physical
Layer (PHY) specifications: High-speed Physical Layer in the
5 GHz Band), 802.1lb, and 802.11g for different wireless
communication systems and frequency bands employed.

The IEEE 802.l1la standard supports a modulation scheme
achieving a communication speed of up to 54 Mbps. However,
there is a need for additional standards that can realize a
higher bit rate of communication speed. For instance, IEEE
802.11n aims to develop a wireless LAN technology that allows
for an effective throughput higher than 100 Mbps and to
establish next-generation wireless LAN standards.

The MIMO communication attracts attention as one
technology for realizing higher-speed wireless communication.
The MIMO technology achieves enhancement in transmission

capacity and communication speed, based on a MIMO system where

both transmitter and receiver have multiple antenna elements,
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both transmtter and receiver have nultiple antenna
el ements,thus creating spatially multiplexed
W0 ea@naemsssi on channel s (hereinafter referred tBCEHIP2005/007747
"M MO channel s") . The M M3 comruni cati on nmakes an
efficient use of a frequency band, because it exploits
spatial nultiplexing. The M MO comruni cati on schene is
such that separate transmt data streans are all ocated
thue subatang epstda lfllye mmllttiipdleseghtteramesniats itde channels
transmtter, the sub-carriers are transmtted over
(hpprinpféey redalr rRMDoc kenMIYMO ahdinate ltsfe .r eEbevHEIMO
the sub-carriers received by its nmultiple antennas are
COpPBEeS3édoandafiecodad eifftleleadeinge @t & THsigiency band,
communi,cati on schene exploits channel characteristics,
begGaPPRe 1S fPe CddapEres 1adt BNA& LB eaia%t t he
trangmtter and the receiver. The M MO conmuni cati on
syst iﬂ]?. HINEneepruat F3tdepi e£B8YEn 1R guch thats sepawmte
here, both the transmtter _and the receiver are
traaaw&ﬁega%ﬁtﬁ%ﬁﬁﬁwﬁpﬁﬁeaﬁééﬁﬁa§¢@m¢%rﬁyhn%%ﬁaﬁaﬁﬁepﬁ the
T%F%h Ignéransnit d%éa gtreanst%r%.s ?%F't&ﬁp coded, c
MULGEPL 51 8REGIHER 2HI FOEat 8 PB & e b CartPere st s are
- t scarki t m ¢t ver
e S PR A P Kty PR P PRl and 2t e

redHRzERI T LRES  LECEL VL, DY P%@Ql@QEQ§y§% a&ﬂﬁﬁﬁgﬁ%ﬂgﬁ% nnas

are space-tine decoded into recerv anne
arfemg@b_c@e@éasgadoﬁeeoa@e' 9n€BYirkeRTRAL (CiLANSERT o

unction) around the transmtter, a channel space
cofhiHEEHE@oht & NS €l xfREH0BhanndN e F &M Oristics, unlike

envi ronnent around the receiver (transfer function
sifblbodghpeiosshaktknhakasrBla@cat the transmitter and the
receiver.

The MIMO communication system is conceptually depicted
in FIG. 4. As shown here, both the transmitter and the receiver
are equipped with multiple antennas. At the transmitter,
multiple transmit data streams are space-time coded,
multiplexed, and allocated to the sub-carriers on M antennas,
and the sub-carriers transmitted over multiple MIMO channels.
At the receiver, the sub-carriers received by N antennas via
the channels are space-time decoded into receive data. This
channel model consists of a radio environment (transfer
function) around the transmitter, a channel space structure
(transfer function), and a radio environment around the
receiver (transfer function). Although crosstalk takes place

when a transmit signal is multiplexed into sub-carriers and the

sub-carriers are transmitted from the transmit antennas, the
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when a transmt signal is nultiplexed into

sub-carriers and the sub-carriers are transmtted from
WO b@stemasm t ant ennas, thereceived nul ti pl exepCT/JP2005/007747

sub-carriers can be separat®d into respective proper

data streans w thout crosstal k through signa

processing at the receiver. Wile various schenes of

M MO transm ssi on configuration have been proposed, it
repsiyed| ghiltiipdnkepr siewainy iiemsl ementoat issparmatad into

conmuni cat e channel information between the
regpaR§mvEtRIIoRRIdeRe Ftareamaer] thesbraiarsttall hbrough signal

configuration of the antennas. To conmuni cate channe
PIPRESEAREI B, CHeMEERE4VEE -t ransnitting known

i nf orma preanbl e information) only fromthe

tran@ﬁ%i%&%é%?%%écpéE@?V§?MF@Qﬁﬁﬁﬁsth?hpg<%%§@gqﬂﬂ¥lon

f tial
hajt E%é“péé?%a%Eegnsmtéi%ﬁh“%ﬁa@%%ﬁ%é%f e den
II d - ansm ssi
imB} RREnbEL 80 0030 EPpRBn3ReRR gﬁﬁmiﬁr&% hatfjon l%t
h
thg OPE oD M B RS EL R O e s o D b pe
coﬁklaafaepbﬁ b@feﬁgaghggnhggnﬁthe receiver to the

transmtter as we exanpl e of the open-loop M MO

tran§81é&hﬁ@n§@§€@ﬁch§nﬂei@;558 aﬁf%h Lébﬁéﬁh8§'8§
Layered Space Tinme (V-BLAST e.g., Se

trEHbhi shedgartolR- @ﬁ@ﬂkﬂgglgﬁtQBEeﬁﬁBhbcﬁhE%QmHQlon only
H10- 84324) . The transmtter sinply nultiplexes a

fréngtae {PAiNsBUBLERT b eFSe OFe ALt I BASIA Ly ANtIENAR 18N A se,
transmts the sub-carriers without assigning a matrix

theftransmitter and the receiver perform spatial multiplexing
transmission independently from each other; this is called an
open-loop MIMO transmission scheme. An evolved style of this
method is a closed-loop MIMO transmission scheme in which ideal,
spatially orthogonal channels are created by feedback of
preamble information from the receiver to the transmitter as
well.

An example of the open-loop MIMO transmission scheme is
a Vertical Bell Laboratories Layered Space Time (V-BLAST)
scheme (e.g., see JP Published and Un-examined Patent
Application No. H10-84324). The transmitter simply
multiplexes a signal into sub-carriers on each transmit antenna
and transmits the sub-carriers without assigning a matrix of
antenna weighting factors to the sub-carriers. Inother words,

a procedure of feedback for acquiring the matrix of antenna

weighting factors is dispensed with. The transmitter inserts
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antenna wei ghting factors to the sub-carriers . In
ot her words, a procedure of feedback for acquiring the
woredositpesed ant enna wei ghting factors is di spenBedIJrRa003007747
The transmtter insertsa tr@aining signal that is used
for channel estimation into the data stream on each
antenna, e.g., in a tine division nmanner, before
transmtting nultiplexed sub-carriers. On the other
a heatning shwnakddiaiei s wsedafmelchesmiedaestnmaedbnointo the
perforns channel estimation, using the training
dagpghhFeainen e @ulattenng cifashel 1nngof me | v et on madner,

for every antenna pair. By way of conbining
befarg- ftéﬁ@?wgtéﬁagcalﬁééllpé%ﬁy FERCIORT RleE -ecOnvghe other
[ N ratio, i s enhanced taking advantage of
haZfar Al LHRGHRESL BFE 1 DGR | 1T B 10T Shitehiaper forms
ting.f th I.l'ati on and decodi ng
ChBRBB LT S SOR 0GOS oA L SaH L1 dead SRt m ad e culates
I ds |, M t ransm.ssi.o an SVD- M MO schene
2 CATREET HESIT R U BRipagali DA ST ¥ GRECTR Po- knowRy Way
. tp:d/ i 0 e.uec..ac.. jp/M IEJCE TS) .
o R P R e R U
‘ a> : o .
s1BHAIYY SSLOR SYSLEMIRLOURERL 1L PR ELP LD, F) Gofces
ofSkpgukhah M@ké@egeB?”Pﬁ%‘ LHRRNAL 3 FAUNBLL ¢ JTBL X L h
el ements of channel information per antenna pair,

cafagel ¥+ i8nCchanngbcbRfl AEMBLLBALAAL FLX 1H 1% 3% 34MBLriX
of antenna weighting factors at thée transmtter Is

assi goesh tdSAIb- £l | SHN dIlaRM o ANvaMIAS r@3dnWesion,

as a matrix of antenna weighting factors at the
anr&eiMRMO sghassi gaedg tithd BFDSebCpEbbeEstheae¥ed tction
is known (e.g., see
http://radio3.ee.uec.ac.jp/MIMO (IEICE TS).pdf (as of October
24, 2003)).

An SVD-MIMO transmission system is conceptually depicted
in FIG. 5. In the SVD-MIMO transmission, UDV" is obtained by
singular value decomposition of a numeric matrix with elements
of channel information per antenna pair, namely, a channel
information matrix H. V as a matrix of antenna weighting
factors at the transmitter is assigned to sub-carriers on
transmitantennasandU“aseamatrixofantennaweightingfactors
at the receiver is assigned to the sub-carriers received by
receive antennas. Consequently, the MIMO channels are
represented as a diagonal matrix D with diagonal elements that
are square roots of eigenvalues A; per channel, and the

multiplexed sub-carriers of a signal can be transmitted without



10

15

20

25

recei ve antennas. Consequently, the M MO channels are
represented as a diagonal matrix D with di agona
wW@Lb@sroMsss t hat are square roots of ei genval uesPCT/pE005/007747
channel, and the nultiplexeéd sub-carriers of a signa
can be transmtted wi thoutsuffering fromcrosstal k at
all . In this case, on both transmt and receive
sides, logically independent nultiple channels forned
supfespagefnhivicspentadk akadill.y, Ispatisatbyeprarhbgbhalransmit
nmul ti pl exi ng can be realized. By the SVD-M MO
angy 3RSR1L¥S| sAdsehedrgirelily possishnslens achitéwd ematiammals
conmuni cati on capacity in theory; for instance, if the
LofPsHshit EBRCENEIVAELPBEePFerxagER YhavPatie ldm emvaogonal
o ;Ee Eéansnission capacity will be doubled at maxi num
11 ép

Ehadi SAPoPet REASVBEM-MO transni ssion scheme is
i g sma L et s
sV P ol SR B P e,
A N Y T

trghannek : gt £i aE&tgAﬂifheﬂ@”hoﬂ%igdogtt gﬁ% nne

matrix H corresponds to a transter function fromthe

LS e smied g ReCges o oM, o

to Gharie)cddHe! AR HaRaMRLT iDF BY et PEaf LADSALL BlgMALntennas,
vector and addi ng noi se vector n to the product, as

er&XPResSeiyldl LG of obbowiBaequali ondidl £ wix R dddrs; 15
The above-nentioned singular val ue deconposition o

thé heeceiver has N antennas, receive signal y is represented

as a set of Mx 1 vectors. 1In this case, channel characteristics

are represented as a numeric matrix of N x M, namely, channel

matrix H. An element h;; of the channel matrix H corresponds
to a transfer function from the j-th transmit antenna to the
i-th receive antenna. Receive signal vector y is obtained by
multiplying the channel information matrix by the transmit
signal vector and adding noise vector n to the product, as

expressed in the following equation (1).
y=Hx+n (1)

The above-mentioned singular value decomposition of the
channel information matrix H is expressed by the following

equation (2).

H=Upv?® (2
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channel information matrix His expressed by the

follow ng equation (2) . H =UDVH (2)Here, the matrix V
wo@Rooanowsnsha wei ghting factors at the transm ttBCT/aredo5/007747

antenna weight matrix U at &he receiver are unitary

matrices fulfilling the follow ng equations (3) and

(4), respectively. UHU =I (3) VHV =l 4 Specifically, a

set of normalized eigenvectors of HHH corresponds to

t he BArennaheenghtinaVrok akenna eeteteiverfantbes set the

of normalized eigenvectors of HHH corresponds to the
tLragpeBatieRerght apaenne Vedghthaatrdas M tttertheDrieced ver are

di agonal matrix with_diagonal elenents that are square
unFEéFé’%t@%@aﬂ@éélmg%hWépmeemﬁetlrmt&| %) girge (4) ,

i s determ ned by the nunber of transmt antennas M or
TepREC bﬁﬁg& receive antennas N, whichever is

smgller that is, guare matrix of size of min (M N

U/ 7 Jokt {i ned and t%@ di agonal matrix is obtained from

the square matrix. Al though singular val ue

dgionposition for real nunbers has been di scussed

JAbbpe =chre shoul d b&)taken for singular val ue

deconposition extension up to inmagi nary nunbers.

Alth lefkégglyéaéesgﬁt5fcﬁéfﬁgg§%§&'@9 Bvectors of HH"

ei genvectors envectors er en phas

coMPESBoARS MWtrsl BAVLAR 2 8% Bint Mha ct%bﬂ]rﬂgapg T EH%%éeaiver and

even if the eigenvectors are manip

a B8t efndring19btal BedeniB8BOL! o £t BEY Qéfrg%ﬁﬁ@%%éﬁg'the

I n sone phasic relationshi ps between U and
antenna weight matrix V at the transmitter. D is a diagonal
matrix with diagonal elements that are square roots of
eigenvalues A; of H'H or HH'. The matrix size is determined by
the number of transmit antennas M or the number of receive
antennas N, whichever is smaller; that is, a square matrix of
sizeofmin (M, N) is obtained and the diagonal matrix is obtained

from the square matrix.

p=| * ‘/Z R (5)
0. NV Amin(ue,n)

Although singular value decomposition for real numbers

has been discussed above, care should be taken for singular
value decomposition extension up to imaginary numbers.
Although U and V are matrices consisting of eigenvectors,

eigenvectors with different phases, which are not singular,
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above equation (2) is dissatisfied, because the phases

of Uand V are angled differently, though both the U
wapasNomoe val i d. For conpl ete phase mat chi ng, POT/IER2005/007747

obtained normally as a set %f eigenvectors of HHH

However, U is obtained by nultiplying the both sides

of the above equation (2) by V, as expressed in the

foll owing equation. HV UDV Hv UDI = UD (6) U= HVD 1
exThé tnagsuntilesst namberss swencdr itdres algjaghteartdns tare

matrix V of transmt antenna weighting factors and the
mapépelasedr eedihalts at hersult dai pi@rsaimed, dre sherr, they are

hted by the matrix UH of receive antenna wei ghting

noifﬁlégé?@d Thi® S@n%p@@@@aebytmésmpﬁob@h@e@qdhtarndnv the

where Uis N x and V.is Mx mn (M

abgVgRAYA b @R u<r?1 t é?ﬁwﬂk"e@e%@?ﬂaaﬁmhhﬁ@haw% of U and

V AOR TR Ed TRt bt hnat R aade AN (U éa%%g? reviipd id.
FO%U%%Q%FG&%% debefRio oh ; S aottal e aye set
ot F LR S EAT i S APt N e TP LR L P g1 ving
th?ﬁ%ﬁ%@ﬁé KB gndIR et al EACION, {88 qipressed in

th8a¥81 €oty9RL; g&ugggoghgenvalue | for the

HV =UDV*"V =UDI =UD ey

U=HVD"

The transmitter transmits sub-carriers weighted by the
matrix V of transmit antenna weighting factors and the receiver
receives the sub-carriers that are then weighted by the matrix
U" of receive antenna weighting factors. This is expressed by

the following equation, where U is N x min (M,N) and V is M X

min (M, N), as U and V are unitary matrices. [0027]
=UZHVx+U"n
=UA(UDV " Wx + U n
v v +vin )
=IDIx+U"n
y=Dx+U%n
Heré,'receive signal y and transmit signal x have (min

(M, N) x 1) vectors, not determined by the number of transmit

antennas and the number of receive antennas.
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channel , the power of each M MO channel is

proportional to | . Since the noise conponent nis
W@bk®e/16980%i genvect or normalized to a norm of 1PCHIR2Z0eS/A07747

col um, UHn does not affectlothe noi se power . The size

of UHn is a set of (mn (M N)) vectors, which is the

sane as the size of y and x . In the SVD-M MO

transm ssion, in this way, |ogically independent

nulthteu&¢ND)tﬁahheldihgeeaéfmatoistathecamahemit signal

avai |l abl e sinmul taneously in a sane frequency band.
sulPhgsrriisi Agcehebeaire chiagde W hioartd cnmgisttiaglie d&tace the

streans can be transmtted simultaneously by wrel ess

ampbifufApcali eachand ehradsegrendesi ¥3Mon chseee lsar she
achi eved. The nunber of M MO channels available in the
Prepor M M orfruRheatidbarsy soeinm rit thes etliyenvadtver Aofor the
transmt antennas Mor the nunber of receive antennas
chppnehhi Ere\RAWSS Smeadr MIMOhchppnal]is mhepeational to M.
of transm t. antenna wel hting factoriﬁcon3|sts of
tran%h?? v%%?o?%l%eago RYSEE BneSn@nB8r 28 SHPRPVector
a 1).
noffATREe8 49 & ro%d gnfs% 0.t & Sl o bl dsd Har afgect
an ) er
enQyRhSly BLubs ansild -aokennas, W GERRAUA AR E1E vectors,
whiERNS £ srsaﬁecgeaéhg afi gab%uyaghag Opti mum wei ght
factors for 1ts antennas, based I'nfornmation for the

pr opagatihonswatirtuo EP&EQEEQE[Sn 'En'%hEQOW?X{I%Eglgglly

sel ectingan optinmal coding ratio and a nod
in86PenBeh O he1eppléedIiie Bhhnsbn 8aWB RNk 3RSt a1k can be

antenna chains, nore ideal information transm ssion
av@ﬂDabEe@ﬁ&MLﬁﬂieouslyJJlasamefrequencyband. Thus, using
the same frequency band, multiple data streams can be
transmitted simultaneously by wireless communication, and
enhanced transmission speed can be achieved.

The number of MIMO channels available in the SVD-MIMO
communication system matches the number of transmit antennas
M or the number of receive antennas N, whichever is smaller,
min [M, n]. The matrix V of transmit antenna weighting factors
consists of transmit vectors v, as many as the number of MIMO
channels (V = [vy, V,, ..., V pinm w)) - The elements of the
transmit vectors v, are as many as the number of transmit
antennas M.

Generally, in the closed-loop MIMO scheme typified by
SVD-MIMO, the transmitter is capable of calculating optimum

welght factors for its antennas, based on information for the

propagation paths. Furthermore, it is known that, by selecting
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However, practical operation of a system of the

cl osed-1 oop M MO schene encounters such a problem
W@ bas/109805 t he condi tions of the channel s vary PCI/@P2005/007747

great extent, as the transmitter and the receiver

nove, feedback fromthe receiver to the transmtter

must occur nore frequently. In the SVDM MO

conmuni cation schene, it is not easy to calculate the
anspR§imar diuegdle@mqaamd izomoidin ledgdlont spbemknto be applied

addition, it is necessary to performa setup procedure
tof Bt tadarene RBt trpoaricn agrtevner Al iotst,aimvere byddaie

SVD cal culation to the other end of conmuni cation. By
lnﬁﬁyméftlé’%af%laésmﬂéﬁlﬁﬁ Gaﬂ]h@@oﬁﬁlalﬂrz@qhency Di vi si on

Mul t j pl exi ng conmuni cati on system of | EEE
802. ﬁgﬂevﬁanepyaCFhCalSOEﬂfaEéﬁa odné BARtSPseémthe
ransm s onlsa plied, |et

i h
SEASEEIER e PR AR ﬁFGPn%tHr&JPl@Fnhithg%I; Lf the
f t G that t ree
coflBL L nY G LR A ARy 2 o o, ok tetend h
h t
o GhEIREL 288 ) NS R KN LB L e

toO‘Eﬁeekﬁgﬁghlltﬁegsv\ﬁgﬁdOE%H%OHI%II%t f%f tqglei%% que]éh gVD—

a conpl ex nunber ch are accuratée

MIUBt Ebﬁﬁﬁnchal@Eoﬁst Efaber Eta & Ihgﬁu 'e%%‘} 2 ’c%ﬁ%uglatt% the

(=9 (elenents of € mat r|x (the-real part
s1h@ﬁgh9a#é/l@@rde&;mp%s%%rﬁlnnf'@?frﬁlﬁ% 10 I&baﬁéltfoﬁz it is

(OFDM sub-carriers) nust be fed back fromthe receiVer
net@stheyt tanparben. A peklp b?@%e@[ﬂ%@ ke rcansidered

when constructing an actual SVD-M
not i ahsat $shonf receptit Qitha}fLS‘IéiilelyStﬁ@V\SVD calculation to the
other end of communication.

By way of example, for an Orthogonal Frequency Division
Multiplexing (OFDM) communication system of IEEE 802.11la,
namely, in a 5 GHz band, one LAN system to which the SVD-MIMO
transmission is applied, let us consider how much will be the
information of the matrix V of transmit antenna factors. Given
that three transmit antenna elements and three receive antenna
elements are employed, the matrix V of transmit antenna factors
is 3 x 3, having nine elements. If one element is assumed to

consist of a real number and a complex number which are accurate

to 10 bits and the matrices V for 52 carriers are required, 9,360

bits (= 9 (elements of the matrix) x 2 (the real part and

imaginary part of a complex number) x 10 (bits) x 52 (OFDM

sub-carriers) must be fed back from the receiver to the

transmitter.
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di scussed. In the basic formof the SVD-M MO
transm ssion schene, at the receiver, by the singular
wQo 200808ex onposi tion for the acquired channel PEX/IR2003407747
, a set of receive weight u2ctors UH and a set of
transmt weight vectors V that are enployed at the
transmtter are obtained, and this set of the vectors
Vis fed back to the transmtter. At the transmtter,
t hi sAsBP1iBE thetvaeistr bevcpgsisiededs whies semsofrididng an
mei%hts for transm ssion. However, in the event that
actRalaRyOntIYO thramsmiis siengme aestirion s yisifear et imaw t o
.be fed back to the transmtter is so |arge and
dispuPsPfi-ed V information is transmtted back, the
the M MO channels wll be altered

| f e al
due T8 ERF P &St FofivER et VGG Gngeissia) lechene,
i . [ h f, af t er feeds

atphak PRES TahonbY her S%fr?%ﬁ‘lfi%h%%%@éiﬁéé%m dhax ths
: i ' . ) I gna "
s A B L S

' j ) I ty in. Gyen that
wnfEE SRR SP UL R 0 IOREL R 0% s YETRMR e
trERsARet FRLEL odRL oM Lhe Eelerence, signal weldhted ¢ g

by V. At the recelver, an inverse matrix of “tRé& 1%

pa@Pteb natk andUsed as- 2 set +ab %Eﬂgﬁﬁ%éro@?ﬁéé’é‘-of the

Since H = UDVH, HV and Its inverse w alned,
vedBoeX [V esseatbdd dheneqdati 9n Hel %i"&ﬁfy%l\é_rgﬁ'tszn&'s%ion .

such that, after received sub-carriers are weig

Wi t lEdkbvér | hit sareeBARCIhAS tHe BAbIRE SVI-MINA 1 ¢ bR ignt
matrix V information to be fed back to the transmitter is so
large and sparsified V information is transmitted back, the
orthogonal state of the MIMO channels will be altered due to
errors from true V information and crosstalk will occur.

In viewhereof, after the receiver feeds back the transmit
weight matrix V to the transmitter, usually, the transmitter
transmits a reference signal weighted with the matrix V to the
receiver and the receiver acquires the channel matrix again.
Given that the channel matrix is H, the receiver can acquire
a channel matrix HV from the reference signal weighted by V.

At the receiver, an inverse matrix of the HV is obtained
and used as a set of weights for reception. Since H = uDv"®,

HV and its inverse will be obtained, as expressed in the equation

below:
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15

20

separated streans for the M MO channels are nerely
mul tiplied, respectively, by constants that are
walersaesod rom t he di agonal el ements 1 of the dpemyareads/oo7747
matrix D . Arrangenent in which the matrix V is used
as a set of weights for transm ssion at the
transmtter and the inverse matrix of HV is used as a
set of weights for reception at the receiver is the
: g[rfgor mance of normal SVD-M MO, and V m smatch
Fh&bﬁ mtter and the receiver does not occur.
_Tgﬁefore this arrangenent can be used practically.
Carry ‘out SVD-M MO conmuni cati on, @12' S necessary

equ he W HX or the | Meanwhi | e,
(gl? ypi ég@}/\n refes cation systens, the CSMA CA
schene is applied for collision avoidance, and at the
same_time, the so-called RTS/ CTS procedure is

per f BPhed f o546t BRRFansfiesi BRPLYRE FBP- ?ﬁéra@ﬁfﬁogée
nce,, .sol vi %% a _hiding term nal_proble

we;rﬁgFgao"iﬂet%t[ﬁahﬂe?hWW OGRS PP bR Rk Sﬁf(é:?gwg%d the
TS, CTS,. DATA,
sefir ST ERLIAER S Fle iRl C?félﬁ%% Pr oSk e P Lied,
re?ﬁ!e&’g’o ﬁ?h ﬁcoo%%ﬁwan%?gcﬁlsam%a % r?v éofl\é%g:@ger diggonal
el%ﬁéﬁ{%hel O as 4 gqoc%vvalrd directi on and the uplink
r

eceiver He (¥ hnsti tter is referred to

oL LRSS cih o, LS BRIy UELLT QORI ELER ot o
wesgBpal fos atinshedstont Be RS pagkehittet-€Bnd ‘he inverse
matrix of HV is used as a set of weights for reception at the
receiver is the same as performance of normal SVD-MIMO, and V
mismatch at the transmitter and the receiver does not occur.
Therefore, this arrangement can be used practically.

ATo carry out SVD-MIMO communication, it is necessary to
acquire the channel matrix or the like. Meanwhile, in typical
wireless communication systems, the CSMA/CA scheme is applied
for collision avoidance, and at the same time, the so-called
RTS/CTS procedure is performed to get a transmission right for
the purpose of, for instance, solving a hiding terminal problemn.
Therefore, channel matrix acquisition can be performed by using
packets such as RTS, CTS, DATA, and ACK and through a control
procedure that will be described below (see FIG. 6).
Hereinafter, for convenience, the downlink from the transmitter

to the receiver is referred to as the forward direction and the

uplink from the receiver to the transmitter is referred to as
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At the receiver, a channel matrix His acquired from
the RTS packet received. (Step 3 ) At the receiver,
WO csiedses acqui red channel matrix H, it is deP@r/mra0ed07747
what nodul ati on schene i s é#pl oyed and how nany
I ndependent spatial channels are avail able. Upon
receiving the RTS, the receiver may have requirenent
to determ ne a nodul ati on schene to be enpl oyed. For
thensedpcse dheecédehver may want to stop transm ssion
fromnodes or termnals inits vicinity until the
conpl etion of ACK, using a NAV which shoul d be
attached to CTS. For Short NAV setting, it is
($eRsshry to perceive the nodul ation scheme enpl oyed
for the channel and the bit rate on the channel. To
det ef”FﬁE e arat s CaePeR idehe ek Thedck e tasdere aecqeiger.
transmtter for_transmission, it IS necessary to know
A FRECEORGP POASADT Soha " hPRBFChEANSPE, RASTBRFKET
§% enyplues X per channel, derived by singular val ue
nposition of the matrix H, so that what condition

, i i1, Db rceived, (S 4
The ' Bdalyer CPATI s o ETS T IEHE 17 dnim ETE7 T96 T the

e signal for channel matrix estimation
RT%@@%?gﬁﬁegségg?§%‘5 ) At the transmitter, fromthe

(gggﬁrgpce signal attached to the CIS transmtted from
the receiver, a channel matrix Hin the reverse

di r egt i1k 12 RGMY,€#rom the acquired channel matrix H, it
is determined what modulation scheme is employed and how many
independent spatial channels are available.

Upon receiving the RTS, the receiver may have requirement
to determine a modulation scheme to be employed. For instance,
the receiver may want to stop transmission from nodes or
terminals in its vicinity until the completion of ACK, using
a NAV which should be attached to CTS. For Short NAV setting,
it is necessary to perceive the modulation scheme employed for
the channel and the bit rate on the channel. To determine what
modulation scheme should be used at the transmitter for
transmission, it is necessary to know the conditions of the MIMO
channels, namely, eigenvalues A; per channel, derived by
singular value decomposition of the matrix H, so that what
condition of the channel matrix H will be perceived.

(Step 4)
The receiver returns a CTS to the transmitter. To the

CTS, a reference signal for channel matrix estimation is
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If calibration is perforned to conpensate for

difference in the characteristics of the anal og
W@Rsa0sss i n t he antenna chai ns of the transmnm PCEIP205H007747

difference in the charactendstics of the anal og

circuits in the antenna chains of the receiver, the
.transfer functions in the forward and reverse

directions will be the sane. A nmethod for calibrating
attpehdffference in the characteristics of the anal og

circuit portions at the transmtter and the receiver
($8eledtribed, e.g., in JP-B (Japanese Exani ned Patent

Application Publication) whose patent right has

al r byt bR ehr s ipeer t of% o Preg@ftersnentoranal @stteghed

6 % The transmtter executes singular val ue .
Coqklenposi tTRRSHBE L ERe GRefli Ferl TRESIYEH i3 ghrnnel @rderix H
., direction and determ nes the weights V for
lntﬁéﬁsﬁ?ggFﬁﬁ PATERELPBr war 8CGPr-EE on. OF course, the

oot ST hef P U AP el TR b GOTPPGR 5 T 4ib AL Ference
transmtter,

nfSEEL ALY 25 [0 0Bl (0,0 | OURILLL BT DS

chd DEE %{@Eﬁe_m%gﬁ%eﬁvregnhf@{ffy@i%%gg% the ct[h%fr%rc%ré%elstics

si'gnal™ having a smalT™ quant’i fa and the

of (FROSIAAL RS AGQY] " €%%@§%398¥8nn%5%ﬁgig§)ofqﬂﬁ?%%%%ﬁ%er,

to the reception of S signal fromthereceiver

théherdf anspi EREL IR0 tish @ Aala RBCKR! + IR ARCdirections
begi nning of this data packet, a reference signa

wiVeightete ané i saahtarbadiof obd DVWeE: byndsele At erence in
(payl oad) . Furthernore, follow ng the user data, a

theetraeaceesi goakbsnet weeghhadobycYrcuit portions at the

transmitter and the receiver is described, e.g., in JP-B

(Japanese Examined Patent Application Publication) whose

patent right has already been assigned to the present inventors.
(Step 6)

The transmitter executes singular value decomposition of
the acquired matrix H in the reverse direction and determines
the weights V for transmission in the forward direction. Of
course, the weights for transmission in the forward direction,
obtained by singular value decomposition at the receiver, may
be fed back to the transmitter; however, its information amount
is excessively large. Therefore, the receiver transmits back
the reference signal having a small quantity of data and the
transmitter acquires V as above.

(Step 7)

In response to the reception of the CTS signal from the
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is transmtted. (Step 8 ) At the receiver, a channe
matrix HV is acquired fromthe reference signa
wowrioghowsos by V , its inverse matrix (see equatPONJIK28)5/007747
is obtained as a set of weilghts for reception, and
t hereby wei ghted user data is received. Al so, the
receiver can acquire a new H' fromthe reference
signal follow ng the user data. (Step 9 ) At the
receec¥ever thby tspngulisit evaltwendgeddspesidaten pafcdte n@w Hhe
" acquired, transmt weights Vin the reverse
begiipeéhpont fhlvistatalmasketat ai sefeansnet s bdndt onelidieted by
receiver to the transmtter are obtained. (Step 10)
V mpettadicdr faldmnad dvauperedahaelmiyheddivei ghtmthdoynore,
wtransnmt weights V, followed by user data; thus,
fol TORERFor g With o ERTFSRTIOR ehenpdvepSeneighted by v
. d'rectiog r on the uplink. (Step 11) The transmtter
lsatﬁﬁ??gé £eEhannel matrix H'V fromthe reference
§% naé)meighted by V., its inverse matrix is obtained
ights for reception, and thereby wei ghted user

d ' [ . _Th ht cedure above, it |s
e RS EELL e L .nm&%%%%ex%scaﬁﬁaaisgﬁ?w the
. I ak); ., TA _(uplin ln .
rogly 1S SRR 0ol 1) s 200 PSR P cdfeson

(8}0[)8.«1%8 BhbealipRaaRd 4 8eePLEoR RAREd F09 A.LhAPREL, MALE X Hepy

t al ned
weighted user data is received. Also, the receiver can acquire

a new H’ from the reference signal following the user data.
(Step 9)

At the receiver, by singular value decomposition of the
new H’ acquired, transmit weights V’ in the reverse direction
for user data that is transmitted from the receiver to the
transmitter are obtained.

(Step 10)

The receiver transmits a reference signal weighted by new
transmit weights V', followed by user data; thus, it performs
data communication in the reverse direction, or on the uplink.

(Step 11)

The transmitter acquires a channel matrix H’V’ from the
reference signal weighted by V/, its inverse matrix is obtained
as weights for reception, and thereby weighted user data is

received.

Through the procedure above, it is possible to carry out
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fromthe conditions of the transm ssion paths, channe
matri x change over tine presents problens. The channel
wOoraosi10989s | i able to change nomentarily, e.g.,PAUE20a5/007747
change in refl ected paths daused by novenent of a
nobil e term nal that uses the channel and its user in
an i ndoor environnent. It is thus necessary to use a
nost recent channel matrix i Mmediately before
bidmhirecat bngldelMo ttoamsmissitden bOVREEEr CTiSR DATA allmmenlink) ,
comuni cation procedure, the transmtter needs to
antlr BASA upliekerence signal not weighted by V
followi ng user data in step 7 to allow acquisition of
t ransni compiughestiont BFstemer sbadi cettrivopust welghted
receiver (see FIG 6 ) . This poses a problemin which
traganagsaanerd Fecepdionchaspgrgl atehaeel gataix H obtained
decreases transm ssion efficiency. Disclosure of
£rpfyERe i GndiHel e sdntbent 6AREBASEdAPeRaERS hghannel matrix
above-descri bed technical problens and its primar

ChapPecPVFE FémﬁrB??é@ngss@EQPﬁﬁPssys?EﬁlCﬁ@?ﬁ%é matrix is
t d t t f |
11 3BRALR i FRAERARE LA ett B erihce ChangR Lo imFlected
M MO t,
o2 F R FaPEero 57 AP VERGRTOPE FoREd 1y WEXBl St Haupdiies the
chnﬂkgip Qgs h eES %n%hh Edogr %&vg o%%é%ﬂ nvfgt&gnthus

I'OVI e a superl Ol' sys apparat us,

ne%%ﬁg g%&%ﬁ%%&%}@%@fﬁ%&ﬁ% QEmEQQEaEEEYr?efore

carry out transm ssion w

mEL'EPLE%YﬁQ Hééﬁsﬁkéﬁ'sﬁ&s%fﬂ)hc' ency, using the singular

val ue deconposition of a channel information nmatrix H

W t hyelepent sifhahcapBosBanpghsint @b th8h! proteliiigRs Mthe
transmitter needs to transmit a reference signal not weighted
by V following user data in step 7 to allow acguisition of
transmit weights in the reverse direction at the receilver (see

FIG. 6). Thisposes aproblem inwhich adding an extra reference

signal to user data decreases transmission efficiency.

Disclosure of Tnvention

The present invention addresses the above-described
technical problems and its primary object is to provide a
superior system, method, apparatus, and computer system for
wireless communication that are able to enhance transmission
capacity by carrying out MIMO communication using multiple
logical channels formed by exploiting spatial multiplexing.

It is another object of this invention to provide a

superior system, method, apparatus, and computer system for
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antennas and receive antennas. It is a further object

of this invention to provide a superior system
woredohoedsoappar at us, and conput er system for w PE/&ER905/007747

conmuni cation that are abl 48to enhance transm ssi on

efficiency by decreasing regions of reference signals

whi ch are exchanged between a transmtter and a

receiver for channel matrix acquisition during
wisybesMPBOWNLNE A0 OMhat tates adlst itbl churyhent aljeectd—1loop

of this invention to provide a superior system
MIMEttHG sbbater wd thaltb covned tternsystsesrdroe ffi cebrsy, using

conmuni cation that are able to enhance transmission
thet piBpEAEY ByldecFessmpgsiédoonsTof copamesdcd ndiogmaltsion

which _are attached to transmt packets froma .
matFARSHHt et SdGHieRG SoEBRE e S s Vs fomopairs of transmit
anE%)rmunication. A first aspect of the present

UBATI R WACEhVRag b&BRaEont enpl ated t o address the
Syst b 4R ShrB5F APBsCBUFohabh FPARSRPSERbAOmuSPnEovide
s g8t heEn S PR el orBPE PEREVEPY FRaFBAG pasten for
S R R G RO P b

o£AFNES 1, SRRROSE g U B0 L SR 5 o

exH88hgHat BetWBbheaWelbghthgtthe data Welkhs %eg%ﬁ channel
wei ghts derived fromthechannel nmatrix, and adaptively

ma €81k Matgsikheishannel ngabybXxmiivas chRRgndsateesi. vi ng

the user data is being received. The system as used

her eltn iissaastchhplex thr\Bb§Bc@ of this invention to provide
a superior system, method, apparatus, and computer system for
wireless communication that are able to enhance transmission
efficiency by decreasing regions of reference signals which are
attached to transmit packets from a transmitter during
bidirectional SVD-MIMO communication.

A first aspect of the present invention, which has been
contemplated to address the foregoing objects, resides in a
wireless communication system which carries out data
transmission, using multiple spatially multiplexed
communication channels between a transmitter and a receiver,
wherein the transmitter transmits user data following a
reference signal for channel matrix acquisition and the
receiver acquires a channel matrix, based on the reference

signal attached preceding the user data, receives the user data,

while weighting the data with receive weights derived from the
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plurality of devices (or functional nodul es for
i npl ementing specific functions) joined |logically and
WO 2005809805 mat t er whet her or not each devi ce orPCT/JP2005/007747
functional nodul e does not 1present in a single
chassis. The wirel ess comuni cati on system of the
present invention uses, e.g., the M MO comuni cation
schene and is able to increase transm ssion capacity
chandeénhahr &x¢ oamd . dat i ove kpead inediawy thpathahhgl matrix H
mul ti pl exed transm ssion paths, nanely, M MO channels.
as| ponHi escaseeivdmy tthe tusamrs miattee rl sadok itye reemeiiweat .
are equipped wWith nultiple antennas, the transmtter
al | oEatesSsyraRBIfi Bsdasedt berglini pise ascop@t®xand which a
transmts weighted streans fromthe transnt antennas
Plungliky pEcerVéredei ght Surpelerzbamdnbesi e ypawenting
receive antennas. In the wreless conmunication system

SPEFLERE PHESEn hveAtironiogHer el v3ea-odg no matter whether
co ni cation schenme typified by SYD-M MO transm ssi on,
°fc %Pg%a%%e .V%Qthﬁs§Wﬁgi%0nFﬁemP &nfeesr nagareesnt in a
. Q %inah transmt antenna weighting factors, based on
Sng dbacR°FAfor mation fromthe receiver. In a typi ca

A g e
gl e e, B O LORSREESR SOTLLR 0S80 11 e

toCOAPYBLSAt LeAn A 1.HBheRcR5HE Eﬁf0%n$%%&%$§&ﬂ%ﬁ§f@ation

acquisition is attached to each packet o

oofed, SR SUBNILL 0k, Lol L1 T RAR A Bt Loy,
MIMEVEhafndikeCti®Nthis case, both the transmitter and the
receilver are equipped with multiple antennas, the transmitter
allocates transmit data to multiple streams and transmits
weighted streams from the transmit antennas and the receiver
welghts the streams received by the receive antennas.

In the wireless communication system of the present
invention, the closed-loop communication scheme typified by
SVD-MIMO transmission can be used. 1In this case, the
transmitter acquires optimal transmit antenna weighting
factors, based on feedback information from the receiver.

In a typical wireless communication system, nodes or
terminals perform the RTS/CTS procedure to get a transmission
right, while performing access control based on the CSMA/CA.
In this case, to carry out SVD-MIMO communication, a reference

signal for channel matrix acquisition is attached to each packet

of RTS, CTS, and DATA.
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foll ow ng data transm ssion on the downlink fromthe
transmtter to the receiver, or in the forward
waloosaedseh, according to the RTS/ CTS procedur ePCT/BR2005/007747
transmtter nust transmt &0reference signal not
wei ghted by V follow ng user data to allow the
receiver to acquire transmt weights in the reverse
direction. This poses a problemin which addi ng an
ext roveverentersidghal trenaseéssdahaodetheasged ink from the
transm ssion efficiency. In view hereof, the present
rerALEAL| 6A phevitdessalfdelod othan dhspewyes se tdimection,
reference signal follow ng user data transmtted from
fo{ hevipdndatet sransmifeipacenyéhe Teemiliaks firdmerthe
transmts a reference, signal for channel matrix .
tra@aﬂilgF?FoFOthtehéefi@&éﬁe%r ogndnusbe derwairsl Iddwiesgion,
e.re eggnge Si On the ot her hand, the receiver

h f [,
acéﬁﬁﬂ??%s Hﬁnﬁgg9ﬁg§rP%Pcﬁggéﬁfoﬁhﬁhér@@ﬁ€ﬂéﬁ@§ must
B TR EAT AT Sy LR o
' derived f h h l ' t] .
R S e P Tyt S8 LERE S

ref@tde! 81 PELPGokecYEd o800 ODUA %) LE ANSML; W1 gL LY o

or transmtting user aon't prrnk, or

e | ti r daptiv i e
o EACESPelLee, Lifaly 00 R0,R B0, S BRLL Sedgpicston
efkf@nshAtiter to the receiver is referred to as downlink

dat a. er data fron1;he receiver to the transnitter
I s red efired e , Uphnkrdatat Mebapnsh FBEFiXed U method

the channels fromthe transmtter to thereceiver is
thaenati edehye sl PDrhandrarekannel sighbiXtbololvRBg user data
transmitted from the transmitter to the receiver.

The transmitter transmits a reference signal for channel
matrix acquisition at the receiver and user data following the
reference signal. On the other hand, the receiver acquires a
channel matrix, based on the reference signal attached
preceding the user data, receives the user data, while weighting
the data with receive weights derived from the channel matrix,
adaptively estimates the channel matrix H as long as the user
data is being received, and obtains transmit weights V’ for
transmitting user data on the uplink, or in the reverse
direction, from an adaptively estimated channel matrix H’.

Hereinafter, user data from the transmitter to the
receiver is referred to as downlink data. User data from the

receiver to the transmitter is referred to as uplink data. A

channel matrix for the channels from the transmitter to the
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channels fromthe receiver to the transmtter is
denoted by H(Up) . Downlink data is weighted by V at
wo b@stnemasnmitter. At the receiver, using H( DnpGI/JP2005/007747
derived fromthe reference2si gnal weighted by transmt
weights Vin the forward direction, user data can be
denmul ti plexed into nultiple spatial channels and
received. Difference between this received data and
resegmalk pei nesoitedsbgndl(Dapaced s citeainedd mes rdx dior the
i nformation, and using an al gorithmsuch as LMS, an
chasnphtt éreal tibeotrerké velramoe Lhenttrianshifther U scalersged by
updat ed. Thus, even if H (Dn) V has changed to H(Dn,
H(HBWy V with tine, it is possible to follow this change
if the change is gradual. Follow ng change in the
chanheVnEdRE frba by wWohphted B¥tVnatibac obramemitter. At
channel matrix is mell known to those skilled in the
thgr FeCEREeTy suS%VQf% P%%YT@F?KT%?\f¥8mwﬁﬁ@mf?ﬁﬁﬁ Qﬁ1519nal
bac change, of the channel H
et SHERE Hise RO Ht a9 © %%%WJF% SeEighiat, bser
or transmtti u data in reverse directi
daf Forpbrae ractrh o P ot et b ek Rl st and
reggw%gd AanPkéP§n§QaQQ€weQ§tEhxsfﬂé@}l%égo aFa End signal

rep resented as a trans

poeﬂegn% ORLLLX %%@I . afé@ﬂhw d? J{IOAJ %ﬂf@cn%atlork and

eguat1 on, ere ranspose rx

st o 8000 X000 S STELLLRAO0 MBI Yo il
maBboyer espialy iR $udd el uated ,asvER! 1 ©WSDn) v has changed
to H(Dn, new)V with time, it is possible to follow this change
if the change is gradual. Following change in the channel
condition by adaptive estimation of the channel matrix is well
known to those skilled in the art.

That is, by following H(Dn)V by using decision feedback,
change of the channel matrix to H(Dn, new)V can be detected at
the receiver.

Meanwhile, weights for transmitting uplink data in the
reverse direction from the receiver to the transmitter must be
obtained newly.

An uplink channel matrix H(Up) can be represented as a
transposed matrix of a downlink channel matrix H(Dn) as shown
in the following equation, where A' is a transposed matrix of

matrix A, A* is a complex conjugate matrix of matrix A, and A"

is a conjugate transposed matrix of matrix A.



HUp) = HDnJ = (u(Dn)D(Dn)v(Dn)H J Thus, (UDn) HT =

U(Dn)* can be used as the weights for transmtting
waplosnvsaat a. Now, if H(Dn, new) V inmedi at el yPOBIR20€5/007747

transmtting uplink data cah be acquired, the transmt

wei ghts U(Dn) when transmtting the uplink data can be

obtained. A s long as dowlink data fromthe

transmitter is being received , the receiver follows

et eyiH( Dn) V channel informati on by adaptive
}zﬂeﬁaﬁfﬁgxiﬂmherefore, t;E recei ver can acquire H(Dn,
new) V. The transmt weights V(Dn) used for downlink
data transm ssion fromthe transmtter are still old

V( Dn¥henhilkedvar eqhabdont (Pheiseewbvsrtedf eer foRdows.
recei ver derives H(Dn)V fromthe reference signa

o . Lo £ 4 i nk
ARl AP AVLERR ol o e "
RIEAY R IARRORmT): v ot i et on When tr aneni (e ng

upl i nk data,.the recei ver can obtagn the EDSt recenh
DN, t I nk,, .or I e
g AR St B A RO R
5 tréﬁ%ﬁ?ﬁtfﬁﬁbxﬁﬁgﬁk §5@gg the channel matrix on the
uprink, or I

€ reverse direction, is a transposed

”Htr&&wOfifhﬁéﬁ??ﬂ%égf€Ef@ﬁ?h%gﬁkigfb?ﬁérélg%%h%@itting

val ue” deconpo Dn,” ) nsm
wo VB BTSSR L e de ol LA ARLN S R By ner
trhh88sPting the uplink data can be obtained.

As long as downlink data from the transmitter is being

10 received, the receiver follows change to the H(Dn)V channel
information by adaptive estimation; therefore, the receiver can
acquire H(Dn, new)V.

The transmit weights V(Dn) used for downlink data
transmission from the transmitter are still old V(Dn) which are

156 held at the receiver.

After the receiver derives H(Dn)V from the reference
signal weighted by V attached to the beginning of downlink data
from the transmitter, it can follow channel condition change
by obtaining a most recent channel matrix through adaptive

20 estimation. When transmitting uplink data, the receiver can
obtain the most recent channel matrix H(Dn, new) on the downlink,
or in the forward direction, by multiplying H(Dn, new)V by V!
(H(Dn, new)VV"). Since the channel matrix on the uplink, or

in the reverse direction, is a transposed matrix of the downlink



10

15

20

25

wei ghts for transmitting uplink data as above, it
becones unnecessary to transmt a reference signa
wo edosa0Esny downl i nk data as shown in FIG 6 . PCH&ER005007747
aspect of the present inven8ion resides in a conputer
program coded in a conputer readable formto performa
process on a conputer system for receiving data
transmtted froma transmtting end, using nultiple
chgpaeilahd yr i) tiypkergdleonmmiic deicompolsatieinse £ \whErsi new) ,
the conputer program conprises the follow ng steps:
thgcfurnbngtawehahhel UdBn) Fxfon thensoiwaidgdipktrkoteta can
fromthe transmitting end; adaptively estimating the
becrifadnedntri x H as | ong as receiving user data
transmtted in the forward direction_fromthe .
tr anBRfPERABIehE FhEl BekBrghPitngatke lgatiadwitile rteeaispmd t
wej ghts derived fromthe acquired channel matrix; and
WedBhe P AN G - ERARSIEL DREIGHES 6f tFr Ao mATTarg s decomes
in the reverse direction to the tiafg 'ttlng end,
e

dat ,
UnBRCEFSERY hR GhEbETVeld TeCer TR adS LRAR P¥iRg dp@ilink
t di to th d t of th
da%%gggnskpﬁbgg%?gh%Fc%r Ing (0] e secon aSpeC 0 e

i's defined as the program coded in a

compyt st opeadablector Laol mpbemRpt spLedetenminedacs 1o o

processing on a" conmpu er WwWords,

coﬁﬁ%&%?dgg?&Pgmc §8&&?ﬁ1Qf%%&%gﬁ%&erkﬁégﬁhbegok .tolperform

conput er systens, ey Work cooperatively

a PEHOSSs e LU R SKILen® 280 FaUseyihg S¥St amB ddiitted

operate as conmuni cati on devi ces. Buil ding anetwor

£ruhes el idy fq,s u%fin%oaﬁyﬁi@éi S €Y LESANE plexed
set up can produce the sane effect as the first aspect

coffhuheaph 68 an VBN WlRrein the computer program comprises
the following steps: acquiring a channel matrix in the forward
direction from the transmitting end; adaptively estimating the
channel matrix H as long as receiving user data transmitted in
the forward direction from the transmitting end while weighting
the data with receive weights derived from the acquired channel
matrix; and determining transmit weights for transmitting user
data in the reverse direction to the transmitting end, based
on the adaptively estimated channel matrix.

The computer program according to the second aspect of
the present invention is defined as the program coded in a
computer readable form to implement predetermined processing
on a computer system. In other words, when copies of the
computer program are installed in individual computer systems,

they work cooperatively across the computer systems and cause

the systems to operate as communication devices. Building a
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The present invention can provide a superior system

nmet hod, apparatus, and conputer systemfor wreless
w@oresnesent i on that are able to carry out cl oSECUFIRRO@S/007747

M MO transm ssion efficientéy, using the singular

val ue deconposition of a channel information matrix H

wWth elenents that are channels for pairs of transmt

antennas and receive antennas . Also, this invention
negHATErdve te age Supeat i by oy stiel comslntca appardattis;esantde set

conputer systemfor wirel ess conmuni cation that are
UP g P dugkaree serenshf et ais B¢ ifdireicgsbyctect hsipupsent
_regions of reference signals which are exchanged
inBehkeeR-a transnitter and a receiver for channe

matri x acquisition during SVD-M MO conmuni cati on.

Nbre%ﬁ%r?r?ﬁﬁgtih@%ﬁ??éﬁncﬁﬁin69Vé@eaas§E@ﬁ¢épr system,

stem nethod, a ratus, and conputer systemfor

mea%PgYe§3p66ﬁgﬁﬁvcggaoﬁopﬁéﬁegr§Y§$@@-ﬁ@reﬂﬁéﬁééss

transm ssion_efficiency. by decreasing,regions of
cobaRBTERELo8 GRaF s Shhi G 18 EoatraiNed Ho CLoRGmLOoP NTNO

ets.froma.transmtter .duri bi.di recti onal
tr%@%gﬁk%&P%oﬁﬁ%ﬁFégP?g]f EﬁﬁpﬁéF%%bfégﬁgiaﬁégFgFﬁé, and
of -t r nt i is : 0

A e ot PO i G CHr bir B UHES4 P BT o iemenes

LI . : ¢ . at i o o .
crhLiAeL secaondt Lo lo! ELMEN (AR DR O, Khteive
antbfnaki sa di agram showi ng the configuration of a

W rel ess conmuni cati on apparatus according to an
enbogi sentrefsthevention can provide a superior system,

method, apparatus, and computer system for wireless
communication that are able to enhance transmission efficiency
by decreasing regions of reference signals which are exchanged
between a transmitter and a receiver for channel matrix
acquisition during SVD-MIMO communication.

Moreover, this invention can provide a superior system,
method, apparatus, and computer system for wireless
communication that are able to enhance transmission efficiency
by decreasing regions of reference signals which are attached
to transmit packets from a transmitter during bidirectional
SVD-MIMO communication.

Further objects, features, and advantages of the present
invention will become apparent from.the following detailed
description of an illustrative embodiment of the invention

based on the accompanying drawings.
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present invention;, FIG 2 is a diagramthat
schematically depicts the functional structure of a
W@ b@snedsoxhar act eri stics acqui sition and adapt POEJIP2005/007747
estimation unit; FIG 3 is2& diagramto explain
bi di recti onal M MO comuni cati on according to the
RTS/ CTS procedure; FIG 4 is a diagramthat
conceptual ly depicts a M MO comruni cation system FIG
5 is a di agr abiledt Desacdpittiain v iddéyiantis g
transm ssion system and FIG 6 is a diagramto
expl BI 6. Bi 85 eedid ol skovbngormei sPedt boraddooralf agritmeless
the RTS/CTS procedure. Best Mde for Carrying Qut the
COMHYBAEREAORN 2PPRES{LHAt PEEOERiBddl ienEnofetvsl ipreedemtt the
i nvention wll be described fully hereinafter with
PregeBfenb8enéiPRé acconpanying drawings . This
inveption_relates.to a MO contruni cati gn system where
spat Ft‘ﬁ - sf ghdl an%F?%F@%ﬁ@tcéﬁﬁﬁWP@éFPé%Yi slepaciesr fb@
between.a pair,of a transmitter with nultip]e antennas ,
r R e R e Suf £ 0re ol TR B HES S5 1 508 o bion
i 5. GO nication _system nodes or termnals
anéﬁe%%g%iygeg%gn&%éo%rggé re to get a transm ssion
ri ght+~whil e_per ] c trol,. on,t
T R s e
SRAAYBLEALHOD ccBrhEhET EBCENSI 8RAl/ char L.t rix
<0 acqui s%t ?on ?gcatrt acﬁeggt ghéagﬁgégfg%epgg%%%?§e'CTS,
and PAJA 4 is a diagram that conceptually depicts a MIMO

communication system;

FIG. 5 is a diagram that conceptually depicts an SVD-
MIMO transmission system; and

FIG. 6 is a diagram to explain bidirectional MIMO

communication according to the RTS/CTS procedure.

Best Mode for Carrving Qut the Invention

An illustrative embodiment of the present invention will
be described fully hereinafter with reference to the
accompanying drawings.

This invention relates to a MIMO communication system
where spatial signal multiplexing communication is performed
between a pair of a transmitter with multiple antennas and a
receiver with multiple antennas.

In a typical wireless communication system, nodes or
terminals perform the RTS/CTS procedure to get a transmission

right, while performing access control based on the CSMA/CA.
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For data transm ssion on the uplink fromthe receiver
to the transmtter, or in the reverse direction,
wo edosa0Esny data transm ssion on the downlink fPCRIR2A0ES/007747
transmtter to the receive2¢ or in the forward
direction, according to the RTS/ CTS procedure, the
recei ver must acquire transmt weights in the reverse
direction. To allow the receiver to acquire transnit
Invigiighteasen thecarveraet GViDetiIMOnconhent caniont t @rreference
transmts a reference signal not weighted by V
sigoel dWimgheseeldwmta ixnhrghligéti easesattanbeiissi ench packet
efficiency, as an extra reference signal is attached
oft BTEsefTdat andl RATAe present invention, the
transmtter transmts a reference sjgnal for channe
natrF%ré%ﬁﬁi§F@m§ﬁﬂ§§1ﬁﬁe0PeE%¢vgﬂjéﬂﬁf&§@¥tbat%ecelver to
foll ow ng the reference signal . On the other hand,
th’t‘fh%f%%%f%?racaﬁu testhe d?ﬁa‘f?rre?e PGS OE L Whrs e kP Wity data

di h d
e LRI SHE S PR P ESRCIR RS e
coLERLYC PR, SR LNGh MO e COEDIEl By SO
it Frdiar i o

rebLARSNyE  NeL9RLS V for transmitting user data on the
uplink, or In the reverse direction. Consequently, it

beCOf@%lQW%%%SfE‘EMeEQe@tE@%Qq[% ihef erench ;s @Q@!(ﬂﬁts in the
follow ng the user data to be transmtted from

re&éﬁ@§@ﬂﬂéﬁtﬂdhtBﬁe&ﬁ%@éﬂybtéﬂﬁfgﬂéﬁgﬁé@Pﬁ@fé§éﬁ@e51gnal
efficiency. FIG 1 shows the configuration of

now w€l €8Bed by V following user data, which decreases

transmission efficiency, as an extra reference signal is

attached to user data.

In the present invention, the transmitter transmits a
reference signal for channel matrix acquisition at the receiver
and user data following the reference signal. On the other hand,
the receiver acquires a channel matrix, based on the reference
signal attached preceding the user data, receives the user data,
while weighting the data with receive weights derived from the
channel matrix, and adaptively estimates the channel matrix H
as long as the user data is being received. From an adaptively
estimated channel matrix H’, the receiver can obtain transmit
weights V' for transmitting user data on the uplink, or in the
reverse direction. Consequently, it becomes unnecessary to

attach a reference signal following the user data to be

transmitted from the transmitter to the receiver, improving



10

15

20

25

comuni cati on apparatus according to an enbodi ment of
the present invention. The w rel ess conmuni cati on
wappanesas shown in FIG 1 is equi pped w th tweCT/JP2005/007747
transmt/recei ve antennas 21a and |ib and capabl e of
data transm ssion in accordance with the SVD-M MO
scheme. That is, for transmission, a transmt signa
is multiplexed into sub-carriers, after the
trgubnéasiper sfdieiassiygned transnit antenna wei ghting
factors, they are space-tine coded and allocated to
t he ¥ho- aht ehods tha gnadfliobriacémnwhifch theplase
transmtted onto respective channels. For reception,
coplBnAGRLL pRerpRagabLSaPLiCOs diadeibPe @b erieslimant of the
antennas 1lla and lib via the respective channels are
Prg8sPgnéBvEBESPRe ant enna wei ghting factors and
space-tine decoded into receive data. However, the .
gi st TR Whee bres SRR P iaPRfdte Tshistedmt d1 fBG- 1 is
antennas,and _three or re antennas may be _enpl oyed.
= aH{BREH 84T Bn CERatAETARA Y EEELVon “BharhE arld % Ribdiidy and
in parallel,to the two transmt/receive antennas
capdaPR] Bk Fac ok Rt S oL AN At T aet e tb-unco
smssion. of si redeternin fregueng
s e TR R ofter e v ERa e Bt GaLT BhC aBparATLLY
mu9£i%§8§83'9Ht8fsﬁbgeék§i%E§”SE%E%§dt%%ogh%@ﬁ§¥¥¥§£s are
w reless conmuni cati on apparatus. Howevér, the

as8Whehesr42anapd, 120 ABkRGoRRERH ¥R kR 8 L Re A are

trahsm ssion chain or a _receptl on chai n exclusive Yy at
spackiBnans &8 hrANheNRRaite Ut ge QP eh@Mas 11a and 11b

concurrent transm ssion and reception. Each

fronansiars $hely §haitr LOMmTtises catwddkpbbenvanthannels. For
reception, the multiplexed sub-carries received by the two
antennas lla and 11lb via the respective channels are assigned
receive antenna weighting factors and space-time decoded into
receive data. However, the gist of the present invention is
not limited to two antennas and three or more antennas maf be
employed.

Transmission chains and reception chains are connected
in parallel to the two transmit/receive antennas l1lla and 1lb
via switches 12a and 12b for wireless transmission of signals
over a predetermined frequency channel to any other wireless
communication apparatus or reception of signals transmitted
from any other wireless communication apparatus. However, the
switches 12a and 12b make connection to either a transmission

chain or a reception chain exclusively at a time and each antenna

is unable to perform concurrent transmission and reception.
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encoding unit 21, a transmt weight nultiplier 22,
| FFT 23, a preanble/reference attachnent unit 24, a
w@eohsgaensverter 25, and a transmt signal anal oRCT/JP2005/007747
processing unit 26. The nod8l ati on and encodi ng unit
21 encodes transmt data sent from an upper |ayer of a
commruni cation protocol by error correction coding and
map transmit signals in a signal space, using a
pr edésehntnedsmbdaiani chasohenepsicksas BBAK1aQPSK, and
and 16QAM At this tinme, a known data string may be
engpdéngednas %ﬂ{ﬂﬂ(ﬁf&ﬂﬁﬂiﬂ viengbtammdddbatied 82pbOFFT 23, a
sequence, according to pilot synbol insertion pattern
praﬁlab%Eﬁrﬁéer@aéemth@n@mh|ur@dhgﬂstariypof:oaviem@m 25, and
attern may be_inserted for every sub-carrier or for
E%F?méévéftanaéusneépﬁ BESCeTHeNEr dhd £ 6wei ght
nmul t I|er 22 multiplies encoded transmt signals by a
tran l%??ﬁ)@r\?‘)dm BR1Ereheas ofgist tpa@smmgata
a nels b at i nultl exin The transmt weig
sefhrFree vir ﬁlpé@%era&@éreﬁaeéd GOTBHLEE K PR DT Toh 1 GiEoT
Pg gther end of rmunltcatlont and sz in the
Co%r ansmt Wer ghY {1551 FEANSBLEAPLEPA&SI VBRI, ij%?ajdélpéce'

o 52U 35L00-0-LHS LIV L OB LSEEIVELELR [, ana
16 %&I?htéi?;%{epﬁs\s/:drl% on, tﬁ?}%v%omﬂanggf&%@eﬁ% rear:{%rgetrtt%rd as

a PO AR d10 ihhe ?ﬁé@?a@é&cﬁgﬁ&E %a%g@[%as\é%! chhng; to

in the reverse direction can

PLIOSA iy SR S TSI L T 0Al, Tl
coraills athaPt b¥ea ehoWB b@Ptern may be inserted for every
sub-carrier or for every several sub-carriers.

The transmit weight multiplier 22 multiplies encoded
transmit signals by a transmit weight matrix V, which creates
multiple MIMO channels by spatial multiplexing.

The transmit weight matrix V is created based on feedback
information from the other end of communication, and set in the
transmit weight multiplier 22. Alternatively, for data
transmission on the uplink fromthe receiver to the transmitter,
or in the reverse direction, following data transmission on the
downlink from the transmitter to the receiver, or in the forward
direction, according to the RTS/CTS procedure, transmit weights
V’ in the reverse direction can be obtained, based on the result
of adaptive estimation of the channel matrix H, executed by a

channel characteristics acquisition and adaptive estimation

unit 37 during user data reception. The procedure for obtaining
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unit 37 during user data reception. The procedure for

obtai ningtransmt weights Vin the reverse direction
wowdos/1msoziescri bed [ater . The | FFT 23 conver t BCT/JP2005/007747

nodul ated serial signals in?o parallel constellations

of data for parallel sub-carriers, according to

paral l el sub-carriers nunber and timng, perforns

I nverse Fast Fourier Transformon the paralle
trzossiblvat globs Wednbtlve ke eofe RRT ddireet imocwi dilnge tdescribed

predeterm ned FFT size and timng. Here, a guard
lat@rerval may be inserted between every two OFDM

synbols to elimnate inter-synmbol interference. The

guarthe nfBFValk3| epgvarts wedetaraddspyietandanedisoanto

path condition, that is, the maxi numdelay tinme of

paﬂa%%é%dcamé@l?-ﬁgﬂoaﬁf 85t drbauFaEi BACHRer, sthecarriers,
acg lIeI data iis converted into serial signals which

i”ﬁgtt(ﬂ Rag Péﬁ@flo?“ﬁ]%dc‘?ﬁ%’ BEEP ANEHRST §P&n1é+1§1%9'v t¥gg forms
t | t it
In%%BS%%?“erf’m B SRR eHey oty e P Tl L7 hrigateL Lot ons
per alscﬁ;eF hen_converted into analo baseb
y

Si gnacfk e HF & concile}? H9 38 pfﬁge gg&gﬁgl gFErﬁft?se and
tlﬁ{ﬁ fu&&ge g%%@%ﬁ&k%grbgi gqgglﬁnégk ed between every
re yand e

uency t ransm | gna ana

tw@ﬁﬁﬁﬁ?% qggEozgllﬁéﬁgﬁéﬁﬁﬁanne %;:ﬂg%rf rence. The

transm te onto eac enna

quddd NcLheaot Derghands Qéﬁgrﬁgﬁgetb9ntggﬁ ﬁl%gqgh'ig%h

a receive signal "anal og processing un
coR@IWESH Ethdd 13, BHCmALIMLEIdd 100 ¥Rkt %deﬁﬁyeéélwa@es that

recei ve wei ght nultlpller 35, a denodul ati on and
af tecodictgult 1036 ,Thad the phasnekl data is converted into
serial signals which are in turn transformed into transmit
signals on the time axis, while keeping mutual orthogonality
of the sub-carriers on the frequency axis.

The transmit signals are then converted into analog
baseband signals by the D/A converter 25, the baseband signals
are further up-converted into signals in an RF frequency band
by the transmit signal analog processing unit 26, and the RF
signals are transmitted onto each MIMO channel from the antenna
11.

On the other hand, each reception chain comprises a
receilve signal analog processing unit 31, an A/D converter 32,
a sync acquisition unit 33, FFT 34, a receive weight multiplier
35, a demodulation and decoding unit 36, and the channel

characteristics acquisition and adaptive estimation unit 37.

Signals received by the antenna 11 are down-converted
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characteristics acquisition and adaptive estimation
unit 37. Signals received by the antenna 11 are
waelomsAaesnvert edf rom t he RF frequency band i nt opOESE0GH7747
signals by the receive sigial anal og processing unit
31 and the baseband signals are converted into digital
signals by the A/ID converter 32. Then, according to
synchroni zation timng detected by the sync _
fragdifis RE dnegnencgandeénteckervedasd gnialrsa s bgethalreceive
data are converted into constellations of parall el
sigaph FonkoedisretsainomidnSilsasdothenea GEbMdysmbptals are
including a guard interval) . Fast Fourier Transform
CoBKestgRalBtpefiaftadt phonsyabbly thrgPH D sopereidrared by
the FFT 34; by extracting each sub-carrier signal, the
si gnaFeR o/R CaeE dityet @88 Chre ntlZadiosy FbBingtds tewsd by the
e f axi s. _The channel characteristics

Sy%%q%‘?é&f#ﬁﬂfé%dl%%ﬁ%w@%??ﬁﬁﬁ"@ﬁ BhPR237 35 rgrial data
5 ORBVERhE Rt PFBr SOTOF APl BPExBA. PrARSrFdaranaveipe

cofL801£8, 81 SGLeL by ek SHE BREL Sty he oo ond
inbbe 0P, CloelpIBL LU {5 EPApoRgS L8 (LEneihiceive

sylgﬁé‘go gPRULL )%Jeeg}dfofﬂ?éd Lﬁe{%%fiﬁr}al L x%r}fsarg titn%d each

.
S
romthe ot her 'end at gi erval's,” the Channe

suEh@é§§I§f%%@n%ﬁqaﬁﬂék§b%bgﬁ(%9@h%ﬂ99£é%%i%ﬁé%?ﬁ%%%@formed

unit 37 updates the channel matrix H, eac
int&f ehesEeosi gnal ftéqﬁ@ﬁ@%Vggis@nd executes singul ar

val ue deconposition of the updated matrix. For data

tramsnd stifmhen dherapténkst1om 48gui £CL1YBT 2hQ adaptive
estimation unit 37 first acquires a channel matrix H, using a
reference signal whose sub-carriers for multiplexed
transmission were weighted discretely per sub-carrier at the
other end. By singular value decomposition of the channel
matrix H, the channel matrix is decomposed into a transmit
weight matrix V, receive weight matrix U", and diagonal matrix
D. For reference signals transmitted from the other end at given
intervals, the channel characteristics acquisition and
adaptive estimation unit 37 updates the channel matrix H, each
time51refergncesignalisreceived,andexecutessingularvalue
decomposition of the updated matrix.

For data transmission on the uplink from the receiver to

the transmitter, or in the reverse direction, following data

transmission on the downlink from the transmitter to the

receiver, or in the forward direction, according to the RTS/CTS
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the transmtter, or in the reverse direction
follow ng data transm ssion on the downlink fromthe
W e@ageEss er to the receiver, or in the forwarBCT/JP2005/007747
di rection, according to thélRTS/ CTSprocedure, the
channel characteristics acquisition and adaptive
estimation unit 37 obtains transmt weights Vin the
reverse direction, based on the result of adaptive
preseidmeti, otthef chheneliamhelr ardtariixs t cdurd drgrilsiari adataand
reception. The procedure for obtaining transmt
adﬂ@ﬁgﬁﬁse$tlmath©nﬂévér§§ dbtetnsobranshi bevalegors Wédin the
| ater. The receive weight matrix UH derived fromthe
reyrinretliracEiqnt have® ot Add sesvdituet dedappiose tédninastion
set in_the receive weight multiplier 35 of the
ofabpsr shasnEdi Agtai&cssedrand vReTt faksnirecepitgen. The
matrix V_is fed back to the other end. However, as the
prpgedive fergrPtraPAng, tmapamithaeigidss & ey itheofravgrse

d of U t 8 d
le§¥59§8u§gg&rEﬁt %ﬁcgﬁbﬁgegﬁggéggrﬁglggcglgn?n. The
h I 35 t
et B8 ?&s?@sﬁéﬁ ofietiatr Py WRFoFh Frot Fﬁfeg. Fagpnel
f h h
B B SRR gkl el
re Hbgp+§f ttﬁﬁf%céiﬁé QQi%f EH% Q%énggu tgé%Qﬁjdlscussed

on and decodi ng uni naps

an¥etgoted 18cel VR iyranals ko § be: k %Ba{“ﬁ%é}&\?&r end.

predet erm ned schene such as BPSK,
Hoﬁéfré!resaé’lﬂheﬂ?é@él%@ﬁﬁ@f&l’l@@na"@:f}beDSI'JPgnE‘hé'11"E\%jr e matrix

decodes theminto receive data which is in turn pass
oft BVtihey uppelsdavielstfad e eBMBEE Cagh LM B Ot DCQInG related
description in the foregoing section).

The receive weight multiplier 35 multiplies receive
signals by receive weight matrix U" or D'U", obtained by singular
value decomposition of the channel matrix H, which spatially
demultiplexes the spatially multiplexed receive signals.

Furthermore, the demodulation and decoding unit 36 demaps
the thus weighted receive signals from the signal space by a
predetermined scheme such as BPSK, QPSK, and 160Q0AM, carries out
error correction on the signals, and decodes them into receive
data which is in turn passed to the upper layer of the
communication protocol.

For data transmission on the uplink from the receiver to
the transmitter, or in the reverse direction, following data

transmission on the downlink from the transmitter to the

receiver, or in the forward direction, according to the RTS/CTS
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For data transm ssion on the uplink fromthe receiver
to the transmtter, or in the reverse direction,
wo edosa0Esny data transm ssion on the downlink fPCRIR2A0ES/007747
transmtter to the receiveB? or in the forward
direction, according to the RTS/ CTSprocedure, the
recei ver must obtain transmt weights Vin the reverse
direction. In a wirel ess conmuni cati on systemrel evant
preeefieepr esemeamibmdi mest, obhainriarmmsm €mwdirgtsnivt sim the
reference signal for channel matrix acquisition at the
reygE8pvEiraatiliaser data following the reference signal.
On the other hand, the receiver acquires a channe
mat r i} Bagédebpss heorereieateos| giiakent radkydnt to the
receding the user data, receives the user data while
pr gé?ﬁﬁt FREoehBerht atRPt RrPrBEBILEE SReitgRDSTd &S @eﬁreffre@‘lmnce
.the_channel matrix, adaptively estimates the channe
S1GBEL EOIH Cé@@&%gmaér%ﬁeg%‘éw%%%%ni%t Féiengereéspyernd user
nd.obtains transmi weights,V for transmtting user
aa BB 588 B hao bR R Lt Shic Ridheder T AR i, i the
. tively estimated channel matrix H ' . ,
re B A e T B S AP hot Sel °F S G engm stamal
r kan oll ow n he us data _to be .,
at?é%%%?ﬁﬁ%%@?ﬁ%%t}%eﬁ% regn%?ng?t el?e%teol tehse%?lgclé? gjér(fatﬁ ghile

we%gﬁEEEQQﬁﬁ§§%%¥mq§@Jféé?lpgmkﬂg%ﬁkygg%%ééégﬁ%ﬁgp ?&gannel

e channel aracteri stics acqui si

ma €8k ML hOPt WAL Ty 3ot ASt SHOW. tihe .channel i« g as long as

characteristics QCC]UI sition and a apt | ye est | rratl _on
théNideS Qdth GAMBELE60rOfc Bvehannel Jdmtdixs a6 Sitd 3@ights

unit which acquires a channe[ matrix in the forwar
vV’ di g Glria@nfiteinighe strafsth tdh fheen@l iakGhaANBl the reverse

direction, from an adaptively estimated channel matrix H’.
Consequently, it becomes unnecessary to transmit an extra
reference signal following the user data to be transmitted from
the transmitter to fhe receiver.

FIG. 2 schematically depicts the functional structure of
the channel characteristics acquisition and adaptive
estimation unit 37. As shown, the channel characteristics
acquisition and adaptive estimation unit 37 is comprised of a
channel matrix acquisition unit which acquires a channel matrix
in the forward direction from the transmitting end, a channel
matrix adaptive estimation unit which adaptively estimates the
channel matrix H during the reception of user data transmitted
in the forward direction from the transmitting end, and a
reverse transmit weight determination unit which determines

transmit weights for transmitting user data in the reverse
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matri x adaptive estimation unit which adaptively
estimates the channel matrix H during the reception of
waiz@s/10mda transmtted in the forward directi oPCT/IRM05/007747
the transmtting end, and & reverse transmt weight
determ nation unit which determ nes transmt weights
for transmtting user data in the reversedirection to
the transmtting end, based on the adaptively
diesttimahedocharnélamamiitx infhendhabaeledraty itheadapiotieely
estimation unit adaptively estinmates the channe
estiineiggd bhsedednmditfiar entlee belbaernl rveeirvedadapaiaad
signal points in signal space, as error infornmation,
eshhgabspngiant adgatiiviedyseshinstesSandhRn8el Therix, based
transmtting end obtains transmt weights V for
ontdigianancs e@yélendraq:gei*ﬁeqiﬁﬂ@tfaoamérsdlmab@pii@:ts'c b tshignal
recei ver beforehand, and after transmtting
Sp?@?er%%@é‘r@rgh’afoﬁﬁii‘@h@éd A ysingy %ﬂﬁsafﬁqf%rlt%ﬂ ggep as LMS
gata wei ghted by V over spatially mltiplexed
an h%]ﬁﬁel S. Thus the channel matrix acquisition unit
deri as a, hannel trix fromthe, reference
S grrS Wt SheBAt by %@”ﬂlﬂﬁa&ﬂsnﬁsﬁnﬁw weaggﬁﬁ Yefor
erf.o

e ERHTRHR LS ISR BRI R e recosver
beESFER h8 q{dtﬁ%e%s aga{neﬁmg &sgﬁh%et £ el%hted

iTec romthe Fansm encuser dat'a

bytvanéﬂaﬁgﬁganth@e ggxeaéﬁa% hbc% ok %weﬁ_lgsbg%lany

receptlon o1 user ata In the rvvard i rection,

nuf 8YS1 S84 8RaAK L1 Wel gfﬁuget@;én 884007 Uk E fRlMacquisition
determ ne the weights V for transmtting tlﬁ ata

unf HedéLVeESarAS S @l bAuRhel tn@bE 8knSréh ' tiky ﬂaﬂéﬂe@ide @ggnal
H 'V by VH and executes singular val ue

weighted by V and the channel matrix adaptive estimation unit
continues to perform adaptive estimation of HV’ as a channel
matrix during the reception of the user data transmitted in the
forward direction from the transmitting end. When user data
is transmitted in the reverse direction, following the
reception of user data in the forward direction, the reverse
transmit weight determination unit can determine the weights
V' for transmitting the data in the reverse as follows: it
obtains H’ by multiplying H’V by V" and executes singular value
decomposition of the transposed matrix of H’.

In the following, the procedure for bidirectional MIMO
communication of RTS, CTS, DATA (downlink), and DATA (uplink)
in the wireless communication system relevant to the present

embodiment will be described with reference to FIG. 3. At the

transmitter, processing for obtaining a transmit weight matrix



10

15

20

25

deconposition of the transposed matrix of H' . In the
follow ng, the procedure for bidirectional M MO

we@ooesnessent i on of RTS, CTS, DATA (downlink), apdr/DR0¢5/007747
(uplink) in the wrel ess c@é#muni cati on system rel evant
to the present enbodinment will be described with
reference to FIG 3 . At the transmtter, processing
for obtaining a transmt weight matrixV is assuned

V fisneshedebeffanelshrd. beSoephbnd.An RTS packet is
transmtted fromthe transmtter to the receiver. At
this tinme, the transmtter transmts a reference
signal preceding the RTS packet to the receiver. From
(BhEB teference signal, the receiver can derive a
channel _matrix H (Dn) in the forward direction, or on

t he BBVRTS mackedt ég pranamitipd feeeithe traaspikterohy the
and matrix V(Dn) are obtained by singular val ue
regeddrpositt ditict tERe . AR feranmti i be HEpapsnits: agefgrence
,The _receiver transm_ts a S ck in response to the. .
51 e D BEREROLRG A EIE MECHn oldiy GG Bk { Fogh This
f e. Si gnal_, precedi ng the S packet. tep. 4.
re R B T P AR e ye ] B ik #ion)
LT r Lcect,l. r._on the ink, IS .derived from
lnt%é%rggggéggedgggﬁgﬁoa tg%hgggggktﬁg“kééjgﬁcket. The

ink,channel matrix is the transposed matri x of the
(ggéglg%k channel natrix; that

At the receiver, matrix U(Dn) and matrix V(Dn) are
obtained by singular value decomposition of the channel matrix
H(Dn) .

(Step 3)

The receiver transmits a CTS packet in response to the
RTS packet. At this time, the receiver transmits a reference
signal preceding the CTS packet.

(Step 4)

At the transmitter, a channel matrix H(Up) in the reverse
direction, or on the uplink, is derived from the reference
signal attached to the CTS packet. The uplink channel matrix
is the transposed matrix of the downlink channel matrix; that
is, H(Up) =H(Dn)" (see equation (9)). Then, at the transmitter,
the weights V(Dn) for transmitting data on the downlink can be
obtained by singular value decomposition of H(Up).

(Step 5)
The transmitter transmits downlink data to the receiver.

As the downlink data, user data weightedby V(Dn) is transmitted,
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is, HUp) = H(Dn) (see equation (9)) . Then, at the

transmtter, the weights V(Dn) for transmtting data
wo@rooshesaownl i nk can be obtai ned by singul ar vedT/&2005/007747

deconposition of H(Up). (SB&p 5 ) The transmtter

transmts downlink data to the receiver. A s the

downl i nk data, user data weighted by V(Dn) is

transmtted, following a reference signal weighted by
foVlpn)ing @Stefie8eRcThe lgeedi Werl gbhdarddéryi We(Od)Dn) V( Dn)

fromthe reference signal attached to the downlink

(gBeR. 6The recei ver receives the downlink data, using

the inverse matrix of H(Dn) V| Dn) as receive weights

(seeT%aua@c@hV%) yan(degpve J (WM VdDnecdirvimngheheeference

downl i nk data, the receiver adaptively estinmates _
sigppnh) ?/Fbﬁyheéstﬁgtlaﬁ fRenhigbriehm t(He wBeaifehgeceives

calculitlon to foll ow channel condition change.

th@qaﬂwa lebnﬂﬁiwonu%h%ﬁg%h%awﬁ%r%%wbcyf gy Rp)

th
regregxsl [ PGEh R, GPee; ROBBra8pdRaance betven the.

gel d data and S|gnal poi nts in signa
Comnst lation, Xis a transmt signal estinmated by

de°€??qu?%(%nﬁéf‘9¥%¥e9h% hByp R aEafy shR! LEREE ! e
ad%s%%lg} mmfﬂ ﬁ'xu'é(%g@} E'(%\%D%mﬂ}ﬁd thus

y multip |ng t e estlna e Val ue
exégﬁﬁih&eEMléﬁlhﬁ?&ﬁdthhﬁeﬁggwtQﬁahwglabgﬂﬁhEE%h P¥ange.

Channel condition change can be followed by executing the
following ILMS algorithm, where e is an error signal for errors
in correspondence between the received data and signal points
in signal constellation, X is a transmit signal estimated by
decoding the received data, and W is an estimate value of

H(Dn)V(Dn) .
W(m +‘1)= W(m)+ ,w((m)e (11)

(Step 8)
At the receiver, a most recent downlink channel matrix
H(Dn, new) is obtained by multiplying the estimate value of
H(Dn)V(Dn), adaptively estimated through the IMS algorithm, by
V(Dn)®,
(Step 9)
At the receiver, furthermore, U(Dn, new) is obtained by
singular value decomposition of the obtained channel matrix

H(Dn, new).
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V(Dn) H (Step 9 ) At the receiver, furthernore,
U(Dn, new) is obtained by singular value deconposition
w@booshesebt ai ned channel matrix H(Dn, new) . (SeepJr003007747
The receiver transmts uplBak data to the transmtter.
A s the uplink data, user data weighted by U (Dn) is
transmtted, following a reference signal weighted by
UDn)* (see equation (10)). (Step 11) The transmtter
(geePvél8) a channel matrix fromthe reference signa
attached to the uplink data. The transmtter .
cal ctifat egceheer nverramigs ruxl bk tdetalerd vdte dhamselitter.
trix, and using this inverse matrix as receive '
As (Pl inkdaiae S serdaiin ek dided a il Dai* bs weiagtemiinged,
e data with the receive weights . Industrial .
fo;EBWFEEb?W?%ﬁ%I%%WI}%}vWﬁ@gM PBeY (PR) Hetese aavation
sent invention with reference to its specific
(1§Lgodinent, it wll now be apparent to those skilled
(é@déh 9rt that nodifications and alterations can be
R ?%erein W t hout departing fromthe scope of Lhe
i st ' jon. _The present invention can
oo T8 EOERRYEN MOeel Ee e PERbne T BRren At Bn the

e ¢ |
re BYSLAAE aP%%E%%@eﬁaggt%ﬂ@SZJTl%% ?QF?%’ \g%%? i%ggﬂs&,}tter

spatial mui'tiplexing an e scope o
calculates the inverse matrix of the derived channel matrix,
and using this inverse matrix as receive weights, receives the

uplink user data while weighting the data with the receive

weights.

Industrial Applicabilitv

Although having described in detail the present invention
with reference to its specific embodiment, it will now be
apparent to those skilled in the art that modifications and
alterations can be made therein without departing from the scope
of the gist of the invention.

The present invention can be applied to various types of
wireless communication systems that perform data transmission
by way of spatial multiplexing and the scope of its application
is not limited to space division, or to be exact, spatially
orthogonal multiplexing transmission schemes l1ike the SVD-MIMO
scheme. The present invention can suitably be applied to other
types of communication systems where either the transmitting

or receiving end carries out special multiplexing and weighted



is not limted to space division, or to be exact,
spatially orthogonal rmultiplexing transm ssion schenes
wo pdos/1048e5 SVD- M MO schene. The present i nvent i BPCIT/ER2005/007747
suitably be applied to othéf types of communi cation
systens where either the transmtting or receiving end
carries out special nultiplexing and
wei ght edt ransm ssion/reception is performed, based on
trghamnebinmal rexepadbor izapeohorhadpthesedoonsshamnel matrix
preferred enbodi nent of the present invention has been
fadiecliosédohoer illustrative purposes and the
description in this specification should not be
construethed vWonile,t heppeéseredi arbadiosnt] pf the present
interpreting the gist of the invention, appended
ingpafAen MR %d#éﬁépéﬁéeﬁp%ﬁéJ{%«?Mﬁ%purposes and the
consi derati on AMS 1 Wi rel ess connunlcatlo
degGEL BRI AR R Ela%ﬁl %Ige%?l@%ﬁlao’{lr%%%%%s%’ﬁ bg Gapptrued to

| e spati al | | exed,comuni cati on, channel s
LURbE W o s e Tt Lt Ipeeggsépre%%aaeﬁﬂe Ghat of the

._trapsmtter tr m.t s _use a reference
in g BREPht G RAATHAI et SPaCaH RT ekt b rAC HRes into
nd the reference S|gnal are m5|ghted and
Co#?%ﬁ%%?%?%%'over the spatially nultiplexed channel s;
and the receiver acquires a channel natrix H based on
the reference signal attached precedi ng the user data,
receives the user data, while weighting the data with
recei ve wei ghts derived fromthe channel matrix H,
and adaptively estimtes the channel matrix H as | ong
as the user data is being received.
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2 . The wirel ess communi cati on system according to
claim1 , wherein both said transmtter and said
WO e@eilvssns are equi pped with rultipl e ant ennas, PGHIRR005/007747
transmtter allocates trans#it data to nmultiple
streans, weights the streans, and transmts the
wei ghted streans fromthe transmt antennas, and said
recei ver weights the streans received by the receive
antennas . 3 . The wirel eSSADEMuUNI cati on system
according to claim1 , wherein said receiver obtains
transmt weights V for transmtting user data in the
reverse direction to said transmtter from an
1. adapiineles estommirbcahbemes Y #ioehi which c4rrigheout data
W rel ess communi cation S{sten1accord|ng toclaim1 ,
traneresnlenr duetaAshy e tépleberrhd aldangwmlt indisgiecss V
for transn1tt|ng user_data in the forward direction to
CORLURLFRELPV er BRT B BNAREYC MR YH L Hel Feterant & Jiegivdiver,
and the user data by V, and transmts the user data
?5?%%%Ahg the reference signal over the spatially

I d ch Th
oystOht %%&sﬁal %?fo%mmas Aafrerer s todd raes vt erence
o f t f
R SRS U S s
an&%ﬂé@@fgﬁle the %[ %.g%a trzﬁ‘lté@ Fﬁxtggﬁ%ﬁgti&%@,\%‘fe& the

reception o ransm

sth;{z@ﬂyoﬁuiEQﬁléﬁéQ Eﬁéﬂﬁ@hét engand, when
transmtting user data in the reverse direction,

f ol | avd ngddierd CaRYd OFe Ofa thaiser at@x H, based on the
predet ermi nes wei ghis V for data transmssion in the

refevefse sdignedt b 00abie @B i dddich Hthelys smibibichl Yfé@eﬂreé/ the
by VH and by singul ar val ue deconposition of

usérd@imxm%hh@h@mghﬁiﬂdthedataw1threce1vewe1ghtsderlved

from the channel matrix H, and adaptively estimates the channel

matrix H as long as the user data is being received.

2. The wireless communication system according to claim 1,
wherein both said transmitter and said receiver are equipped
with multiple antennas, said transmitter allocates transmit
data to multiple streams, weights the streams, and transmits
the weighted streams from the transmit antennas, and said

recelver weights the streams received by the receive antennas.

3. The wireless communication system according to claim 1,
wherein said receiver obtains transmit weights V' for
transmitting user data in the reverse direction to said

transmitter from an adaptively estimated channel matrix H'.
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6 . Awreless comunication apparatus which receives
data transmtted froma transmtting end, using
woreiositpises spatial |y nmul ti pl exed comruni cati on PCEIIEOH007747
said wrel ess comuni cati od9apparatus conprising: a
channel matrix acquisition unit which acquires a
channel matrix in the forward direction fromsaid
transmitting end; a receiving section which receives
4 .usBre dat aeleansovhthedicati be fgswamdadcpedtingntbr ohaim 1,
said transmtting end and wei ghtsthe user data with
wheeeeéhveand Glres stertiteed O&Xt@mrIShér@mmirtedvedfmfeIV for
matri x; a channel matrix adaptive estimation unit
trahisoh tadagtus/@t Jaset imabestatwarthahner tiatrix selidurgeriver
reception of the user data transmtted in the forward
beépﬁfégﬁpém Vebehsai theremsererenianel andefdesyser data by
transmt weight determnation unit which determ nes
Vit alaﬁswim%ﬂreﬁt%her dsal fadw feilhgriner thatsefarepee signal
reverse direction said transm tting end, based on
CVeRe Q&aﬁpﬁgéla)}léfsﬂuﬁgﬂé’ r‘Fi]I 2 x: and a
transmtting section which weights user data with the
thus deternmn ned transnit wei ghts and transnits the

r data | nthe rever |rec nto a
”gﬁ%w{’ﬁ %s%naom?um 5 %nrg esgmcgﬁr%mklg&atg 53 claim 4,

wh%geﬁhag daf§85g§€9 éé& %Q%thaf ghgﬁs%ﬁﬁlsﬂégrlx from the

ansm Fansm ts user dat oW n

re%%&%h%@Q§H%ﬁ£f%%1%9Ee@n§?@%huﬁ@%ﬁ%in@%qu§b%k?@mnladaptlve

wher ei n
estimation of H’V as a channel matrix during the reception of

the user data transmitted in the forward direction from said
transmitter, and, when transmitting user data in the reverse
direction, following the reception of the user data,
predetermines weights V’/ for data transmission in the reverse
direction by obtaining H’ by multiplying H’V by V' and by

singular value decomposition of a trénsposed matrix of H’.

6. A wireless communication apparatus which receives data
transmitted from a transmitting end, using multiple spatially
multiplexed communication channels, said wireless
communication apparatus comprising:

a channel matrix acquisition unit which acquires a
channel matrix in the forward direction from said transmitting
end;

a receiving section which receives user data transmitted

in the forward direction from said transmitting end and weights
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user data and the reference signal are weighted and

transmtted over the spatially nmultiplexed channels;
w@eesaed80s channel nmatrix acquisition unit acquPCEIPA07747

channel matrix H, based or0the reference signa

attached preceding the user data. 8 . The wrel ess

commruni cati on apparatus according to claime6 ,

wherein: said transmtting end obtains transmt
theeiightsd¥téowi thnsateivagvaseht sadarinetihérbmarvias chcquired

direction to the receiver beforehand, weights the
chpahedene&rdixgnal and the user data by V , and

transmts the user data followi ng the reference signa

overat fbaspati abky irupdapltéxed eé%émﬁélig;n saiid eihdmiel

matrix _acquisition unit derives HV as a channel matrix
adppEAVERY Pefihahes Shgrdtanis yedd iy Hyduréapdrepamheon of

matri x adaptive estimation unit_continues to perform
thggypervdaket FRAEFBATEEIHIN AR Borarf el FREki D diFemEaid
‘ t he nggegtion of the user data transmtted in the

TABPlAFG 18P €8 on fromsaid transnitting end; and said

t 1t _weight det i.nation ILt, wh t
Appa? St GEC TS FERBRIT ] M HO5r CRRPETAT e doats hich
LLeCLi i Ng. ti f_.t.h '
e R hE i e B p S PEREr R B ad iG55 FB}E L ene

oG8 BAPSELSBOR ] BOC LONELSR LLPRLIEN Beca on e

mul yi ng
adab9995§§ ¥8k 48 2¢ecorRASHLIOR 8T 1§t Lpsposed matrix of
L9 A W rel ess comruni cation nethod for
recei igh&at@-ing section which weights user data with the
thus determined transmit weights and transmits the user data

in the reverse direction to said transmitting end.

7. The wireless communication apparatus according to claim 6,
wherein:

said transmitting end transmits user data following a
reference signal for channel matrix acquisition, wherein the
user data and the reference signal are weighted and transmitted
over the spatially multiplexed channels; and

said channel matrix acquisition unit acquires the channel
matrix H, based on the reference signal attached preceding the

user data.

8. The wireless communication apparatus according to claim 6,
wherein:

said transmitting end obtains transmit weights V for
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transmtted froma transmtting end, using multiple
spatially multiplexed comruni cati on channels, said

wWowRMsel1esss communi cati on nmet hod conpri si ng t he BCEPROEH0W07747
acquiring a channel matrix4in the forward direction
fromsaid transmtting end; receiving user data
transmtted in the forward direction fromsaid
transmtting end and wei ghts the user data with

treppenilié ingi ghes didrd Yadctie dortvae dadfuecelloohantibe receiver
matri x; adaptively estimating the channel matrix H

bedgrehgnfecEpti pbhisothe hee iveendatH Ilraharid ttée imerhdata by
forward direction fromsaid transmtting end, '

V, deper i #negl £ drserius aieidgites tpéloviagsihet Tageneree signal
data_in the reverse direction to said transmtting

OVEhd thEased tdR Lile Miiddibilvaiaf ehEled channel matri x;
meightlgg ser data wi.th the thus determ ned transmt

wei git$9afdePraRsRAELHg AR LGdEr Oda R 1ith dekd Viesv éVs @s a
di ' . i d itti d. 10. A,
chEPBE ] afREEdad ?f??%%%ﬂ%%&tfﬁg?gﬁ%g@%%%% ot K
t . i Vi t .
Ut anghr e aaorRe B PHBLRATET hEE ehar TIRT HOP n 1 giopt inues

toz‘gp@ff.@flﬁ %d ltt:le%l &%‘@Pm&QI'ES'H%'thQI . QL § %q{?‘llesl’ mgg!rgx during
0 e eps of: ng a

nmput'er program conpri Ses t S acqui ri

tnehaapebABh! b* g_ﬂe; & frorard (direetion, f ri%“%@ dfqrward

transnitting en aptively estimating the channe
diPBEEH ¥nHFaS! eagda%rlaa%m_%a%tﬁgt lRRsMi£d in the

forward direction from sai
salid reverse transmit weight determination unit, when the

apparatus is transmitting user data in the reverse direction,
following the reception of the user data in the forward

direction, predetermines weights V'’ for data transmission in
the reverse direction by obtaining H’ by multiplying H'V by V"
and by singular value decomposition of a transposed matrix of

H .

9. A wireless communication method for receiving data
transmitted from a transmitting end, using multiple spatially
multiplexed communication channels, said wireless
communication method comprising the steps of:

acquiring a channel matrix in the forward direction from
sald transmitting end;

receiving user data transmitted in the forward direction
from said transmitting end and weights the user data with

receive weights derived from the acquired channel matrix;
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transmtting end is being received, while weighting
the data with receive weights derived fromthe
Wwa@emsilomos channel matrix; and determ ning tranBei/gP2005/007747
wei ghts for transmtting ud2r data in the reverse
direction to said transmtting end, based on the
adaptively estimated channel matri x.
adaptively estimating the channel matrix H during
reception of the user data transmitted in the forward direction
from said transmitting end;
determining transmit weights for transmitting user data
in the reverse direction to said transmitting end, based on the
adaptively estimated channel matrix;
weighting user data with the thus determined transmit

welghts and transmitting the user data in the reverse direction

to said transmitting end.

10. A computer program coded in a computer readable form to
perform a process on a computer system for receiving data
transmitted from a transmitting end, using multiple spatially
multiplexed communication channels, said computer program
comprises the steps of:

acquiring a channel matrix in the forward direction from
said transmitting end;

adaptively estimating the channel matrix H as long as user
data transmitted in the forward direction from said
transmitting end is being received, while weighting the data
with receive weights derived from the acquired channel matrix;
and

determining transmit weights for transmitting user data
in the reverse direction to said transmitting end, based on the

adaptively estimated channel matrix.



