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WO 2005/109805 PCT/JP2005/007747 DESCRIPTION SYSTEM,
METHOD, APPARATUS, AND COMPUTER PROGRAM FOR

WIRELESS COMMUNICATION 5 Technical Field The present invent}'on

Wl%%’f’eiél?gsglssystem, apparatus, method, and computer proé’r%% gp =TT

wireless communication to implement a wideband radio transmission
between a plurality of 10 wireless nodes or terminals, as typically
performed in a wireless Local Area Network (LAN). In particular, this
invention relates to such a sys$testfappatatiis, method, and computer
program for wireless communication that enhance communication
capacity by carrying out Multi Input Multi Output 15 (MIMO)

commyipicatien ysing multiple-logical shannelsfefmed shetuesapalHf
a transmitter with multiple antennas and a receiver with multiple antennas
wWineerdoitingregatiat amualtivlexing. More specifically, this invention relates
to such a 20 system, apparatus, method, and computer program for
wireless communication that carry out closed-loop MIMO transmission,

using singular value deconwmchannel matrix with
elements that are channels for pairs of transmit antennas and receive
antennas; anc: drparticulan ta the system, 25-apparaius; anethosh and-us,
computer program for wireless communication that enhance transmission

neHicEncyBy GEEFRHSRIE RERSHSB! flerehtasigids wimBRakeation to

Mﬁ%i g%ré %dawwgc%gggrlljﬁogaslgéc? grell%%%nol%%/g 8:{7:,7égtwe en a plurality of

wireless nodes or terminals, as typically performed in a
wireless Local Area Network (LAN). 1In 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 palr of z transmitter with multiple antennas and a
receiver with multiple antennas by exploiting spatial
nultiplexing.

More specifically, this invention relates tc such a
system, apparatus, method, and computer program for wireless
communication that carry out closed=-loop MIMO transmission,
using gingular value decomposition (8VD) of a channel matrix
with elements that are channels for palrs of transmit antennas
and receive antennas, and, in particular, to the system,
apparatus, method, and computer program for wireless
communication that enhance transmission efficlency by

decrezsing regions of reference signals which are exchanged
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2 between a transmitter and a receiver for channel matrix acquisition
during SVD-MIMO communication. Backaronnd Art 5 Sharing information
resources and equipment resources can efficiently be implemented b

W&%ﬂ%m%grgﬁﬁetworking typified by LAN. Now, wireless LANs %?50?&99@(%6%7
as systems that free users from cable wiring in traditional wired LANS.
Because the wireless LANs can dispense with most of wiring cables in
working 10 spaces such as offices, communication terminals such as

bpewsamalcommpaErs. (REs) eanibe meved morefzasilyhKecehtlyabecause
of enhanced speed and reduced price of wireless LANs, the demand for

aﬁﬁf‘@éﬁ%E%\Is%%@r%a%%"}g@ﬁ#i%%%ﬁ&ﬂgﬁy, introduction of a
personal area 15 network (PAN), that is, building of a small-scale wireless
network with a plurality of electronic devices that are commonly used in
living environments for informatibncommumication is being considered.
According to Japanese Radio Regulations, different wireless

commufatidh systethsand devices cart 20ts6d i EBRRIN FegasiTcys
cBANCE: £.0. 241Gz AN 3 Gllz bands, which aie perTiE Ol yse ., - o
without a license from the supervisory authority. Typica standards for

bwireless networking:nekude AEE R (thednstitute obEleckicat apd that free
Electronics Engineers) 802.11 25 (e.g., see International Standard
UFSOAECBBOLIAST99YEY ANSHEEE 5t 80271 1 22008 Editidre Pt 21t he

Ylicless LM Aoess conrgl (i) srd sl LoV R0

spaces such as offices, communication terminals such as

personal computers (PCs} can be moved more easily.

Recently, because of enhanced spead and reduced price of
wireless LANs, the demand for wireless LANs is increasing
significantly. Particularly, introduction of a personal area
network {(PAN), tThat is, bullding of a small-scale wirsless
networkwith a pluralityof electronic devices that are commonly
used in living envircnments for information communication is
being considered. According to Japanese Radio Regulations,
different wirreless communication systems and devices can be
used in certain freguency 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 BElectrical and Electronics Engineexrs) 802.11
{e.g., see International Standard ISO/IEC 8802-~11:1399 (E)
ANSI/IEEE Std 802,11, 1899 Edition, Part 11: Wireless LAN Medium

Access Contrel (MAC) and Physicel Layer (PHY) Specifications),
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3 HiperLAN/2 (e.g., see ETSI Standard ETSI TS 101761-1V.1.3.1
Broadband Radio Access Networks (BRAN); HIPERLAN Type 2; Data
Link Contral (DLC) Layer; Part 1: Basic Data Transport Functions, or
WeRrE B 17612 v1.3.1 Broadband Radio Access Netwoﬁgrg]@ﬁ%"&l ?47
HIPERLAN Type 2; Data Link Control (DLC) Layer; Part 2: Radio Link
Control (RLC) sublayer) , IEEE 302.15.3, Bluetooth communication, etc.
As for the IEEE 802.11 standard, there are also its enhanced versions
HiPEE'8OV Ra (e, see Supiléhebt andERE STHIAd fof Inféimativn1.3.1
tecg%%olo%y 10 Telecommunijcations and informgtion exchan%e betwqen
B P EterAd™ At antihsfidpolitairarea nétworks ~Spéciicteqarénents 22
1. Partddy Wirelgss LAN Medium AccessGontioh{MAES) and Physical Layer s,
(PHY) specifications: High-speed Physical Layer in the 5 GHz Band),
oB0RTELD, Bhdl.802.Hg for UiffeBerit WireledsAbcCammimicationssy Sermsaric:
frequency bands employed. The IEEE 802.11a standard supports a
(BeLiation SEReRRb BEHfeving PComAiicAtoIT SBeed BFtp BRFRbgE Tt
H I re 1s a need-J{or-addifional, standarg aneali N
et Birate of Sormunicaton Shoedt For intiance IEEE 20'803 T1r ="

caimsA0 devetap, aswirelesssLAN-teeknoltryy et allows foaansffective: are
throughput higher than 100 Mbps and to _establish next-generation
aheleSs | AN SbRFArasr The MINE Eofitrurtiéation eftraceatERibT algent

one..technology for realizing higher:speed wireless communication. 25
tcf’h"’é MIM Ltaé%cg%/%% og%oarcr?levé% gﬁﬁér?@erﬁ%ﬁ%ﬁ%ﬁ%ission capacity
Tand eammunicatiorspeed; based-ana MIMQ systese Waereebothystens -

transmitter and receiver have multiple antenna elements,
Local and metropolitan area networks - Specific requirements
-~ Part 11: Wireless LAN Medium Access Control (MAC) and Physical
Layer {PHY) specifications: High-speed Physical Layer in the
5 GHz Band), 802.11b, and 802.11g for different wirelass
communication systems and frequency bands employved.

The IEEE 802.1lz standard supports a mcdulation 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 o
establish next-generation wireless LAN standards.

The MIMO communication attracts attention as one
technclogy for realizing higher-speed wireless communication.
The MIMO technology achieves enhancement in transmission
capacity and Communicatioﬁ speed, based on a MIMO system where

both transmitter and receiver have multiple antenna elements,
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WO 2005/909805 PCT/JP2005/007747 4 thus creating spatially
multiplexed transmission channels (hereinafter referred to as "MIMO

Wchgrageh%‘ ‘.;The MIMO communication makes an efficient us%of a) 007747
Pegdidhe Qband, because it exploits, spatial multiplexing. 5 Theé Tinlhes

communication scheme is such that separate transmit data streams are

allocated to sub-carriers on the multiple antennas at the transmitter, the

sub-carriers are transmitted over multiple virtual MIMO channels, and at
Liive receivbinbesnd-dakibys reCeived bydtd rmukipterasteimasciomarels
(}Sroce.sse and decoded into receive data. This communication scheme

Splottatharnel Chariciaristits® tinlike SimplPRtSdtve anteriia ¥rdys at
cthgtransmitieyand the, rQEEie\!@[EiEleeWN@Qogﬁfnlén@?@%ﬁé}@?n%%d,

conceptually depicted 15 in FIG. 4. As shown here, both the transmitter
banduhbe réteiweplars tequipped adthmmiltiptel antenmas. At the transmitter,
multiple transmit data streams are space-time coded, multiplexed, and

aIIoca@faetd\?%%lbeEEWFé%%ﬁihﬂ%rﬁéﬁﬁg@ afid %‘Pé@uﬁrc%?riél%par ate
ciranspitted; over multiple MIMQ channels. 20 Atthe receiversthe, . iy,

sub-carriers received by N antennas via the channels are space-time
mdecaged intotreceive datarkbist ehasnglinedel consisiswfearadi® rs are

environment (transfer function) around the transmitter, a channel space
CERhEre SRrarRTSruReliony, shdva Fadie eldidAntdm tredad thegsat the

are precassed and decoded into receive data. This
communication scheme exploits channel characteristics, unlike
simple adaptive antenna arrays at the transmitter and the
raceiver.

The MIMO communication system i1s conceptually depicted
in FIG. 4. BAs shown here, both the transmitter and the receiver
are equipped with multiple antenhas. At the transmitter,
multiple transmit data streams are space-time cocded,
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 mcdel consists of a radio environment (transfer
function; around the transmitter, a channel space structure
{(transfer function), and a radio environment around the
receiver (fransfer 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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sub-carriers are transmitted from the transmit antennas, the WO
2005/109805 PCT/JP2005/007747 5 received multiplexed sub-carriers

canmt))e Ee{fpgrated into respective proper data streams without Crof?%%léww
Wtﬂr%)uaﬁ g Ey‘nal processing at the regeiver. While various sch&EHELEY

MIMO transmission configuration 5 have been proposed, it is a significant
problem in implementation how to communi cate channel information
between the transmitter and the receiver, according to the configuration
rof e aAteMhEs ToccorAnziicate thasnel infornisiopeaanettoll 0h.10
transg]éttigg known information (preamble information) only from the

AR S miter t The Tecafet RTeSs Tn'this Case S RE Trahsniter A tRd 9nal

preceaivarperfarm spatial.multiplexing transmission independently from
each other; this is called an open-loop MIMO transmission scheme. An
evolveihstyke of this b suéthoddscef ¢ldsed Hoep MIMQ transmissiguration

scheme in which ideal, spatially orthogonal channels are created by

D SRIRRK o PrESTABRY infdrnidtich fFoRTthE resiveP i esFandmitter as
1yellAnexample gfthe opensinop-MIMO transmussiop scheme is, 20.8, ..

ertical Bell Laboratories Layered Space Time (V-BLAST) scheme (e.g.,

tsee IP:Ruhblished and drcexamined PatentaApplication No. H19-84324) .
The transmitter simply multiplexes a signal into sub-carriers on each
CHahSATAteRRaC and trarfRmiPieSsub-carriers without assigning a

matrixpf 25, aRienaelonting fagiors, i the subscarriers, In other words,
transmitting known information {preamble information) only
from the transmitter to the receiver is easy. In this case,
the transmitter and the receiver perform spatial multiplexing
transmission independently from each other; this is called an
open-ioop MIMO transmission schema. 2An 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 ig

a Vertical Bell Laboratories Layered Space Time (V-BLAST)
scheme {e.g., see JP Published and Un-examined Patent
Application No. E10-84324). 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 acguiring the matrix of antenna

weighting factors is dispensed with. The transmitfter inserts
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a procedure of feedback for acquiring the matrix of antenna weighting
factors is dispensed with. The transmitter inserts WO 2005/109805

PCT/JP2005/007747 6 a training signal that is used for channel

WtitEBA hto the data stream on gach antenna, e.g., in atime dision +1

manner, before transmitting multiplexed sub-carriers. On the other hand,
at the receiver, a channel estimation section performs 5 channel
estimation, using the training signal, and calculates a channel information
a fiaRicH 16r eveReantéiia paitl BycwEyr ot combidirepzémafotcinglang the
dggncellation neatl%, the reQCeive signal SN ratio is enhanced taking
51 =28}

A dvantage o Spatialde§rees of fre2ddn offréd bythe AnterngE Manner,
péasuling fromythe 10.cangellation and degedingprobabiity i%}pcgggs%%he .

As an ideal form of the closed-loop MIMO transmission, an SVD-MIM
haoldemetusing the SNIDa3f-a projegation pathifuattion iskmonrm(egs Seens
htt ://radio3.ee.u‘e,(:.ac.jp/MIMO](SIT --CE-TS) .pdf (as of October 1524,
C%B%@ﬁ?ﬁ?é%ﬁ/ﬁ% thnsHissicn Syatett i¥coneasthally e sitee it tes

2 F1&ah 40 the SYRMIMO H§E§EELS§£°P@£J"e’%PyOQﬁaHBEE{@%ﬂ@Q“'%y way

value decomposition of a numeric matrix with elements of channel
oihformiationrpezantenfarpdin namely ;a chahaeli 20, infesmatior: matrixdd 1 ve
V as a matrix of antenna weighting factors at the transmitter is assigned

S{FEG-CAlérs 6h LFafRift afterids AP0V AS Bimatfix sharttennalegrees
opejaiing factare.authe ecaier s asaigned Ja e suR-cartigs iageived

by receive antennas. Consequently, the MIM c%anne S are
cancellation and decoding prokability is increased.

As an ideal form of the closed-loop MIMO transmission,
an SVD-MIMO scheme using the SVD of a propagation path function
is known {e.g., ses
http://radio3.ee.uec.ac.jp/MIMO{IEICE TS).pdf (as of Qctober
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 1s assigned to sub-carriers on
transmit antennas and U" as a matrix of antenna weighting factors
at the receiver is assigned to the sub-carriers received by
recelve antennss. 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 transmittad without
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25 represented as a diagonal matrix D with diagonal elements that are
square roots of eigenvalues X per channel, and the multiplexed

Wsub-carriers of a signal can be transmitted without WO 200?)/11(%982%%~ 07747
BEYRBIYs /007747 7 suffering from crosstalk at all. in this X €, SR Both

transmit and receive sides, logically independent multiple channels
formed by space division, or exactly, spatially orthogonal multiplexing can
be realized. 5 By the SVD-MIMO transmission scheme, it is possible to
s yERRNAETA DA mrcsRRfunicaticn. éapadity if iveons dordnstaride [ iktheni ©
. Itl@nlsmitter and the recgiver. egiq ha\/%wo antennas, the transmjission

capacity Wil bs dotbled 3¢ Afdamuint THeP mRCREnisH oF the- SVERRINRS S
céransaissionpaehemeds aov 1010 be discugsed jndetail; f ey o oonay

transmitter has M antennas, transmit signal X is representéd as a séet of M
miy L yodtors;ib thereteiverhas Nedntennas, receive signal y is
represented as a set of M x 1 vectors. In this case, channel

charattéristics A8 TepiesciedTals tfferR Mt ot N x M prafelie to
=chappel i matix H An.element hip of 1he EQ‘Z%’J el ay é?ﬁ-i%j&q responds.

to a transfer function from the j-th transmit antenna to th receive
i Ariteanar Kegeive: signaldetteryeisabtainedshy, Amutiplingthe shaapel +he
information matrix by the transmit signal vector and adding noise vector n

G PO, £SFAFeXpresbed iRthé fololfg ByUBHSATER y-Hx+n (1)
The abgyesmentioned, sipgular ;sg%g%%g%g;@%%%ﬁ gLthe channel ;. now

information matrix H is express g
to be discussed in detail. If the transmitter has M antennas,

transmit signal x is represented as a set of M x 1 vectors; if
the receiver has N antennas, recelve signal y is represented
as a set of M x1vectors. Inthis 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 i-th transmit antenna to the
i-th receilve antenna. Recelive signal vector y is obtazined by
multiplying the channel information matrix by the transmit
signal vector and adding noise vector n to the product, as

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

The above~mentioned singular value decomposition of the
channel information matrix H is expressed by the folleowing

equation (2).

H=Upy® @
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equation (2). H=UDV H (2) 25 WO 2005/109805 PCT/JP20051007747
8 Here, the matrix V of antenna weighting factors at the transmitter and
antenna weight matrix U at the receiver are unitary matrices fulfilling the
W%ﬁ?)%ﬂ]ﬂgggauations (3) and (4), respectively. UHU=g (3) Vﬁ%ﬁﬁ‘j‘g‘? i
Specifically, a set of normalized eigenvectors of HHE corresponds to the
antenna weight matrix U" at the receiver and a set of normalized
eigenvectors of HER corresponds to the antenna weight matrix V at the
transrHigeR, D a diagonal 10 efagixirith diphahelemerfscthataret the
are £QOtS of eigenvalues ),, of HER or HH". The matrix size is,

RS hed by e RO b (e G ARt s M B e P RGSgET 222
uigealve anionRas N hicheyeg isstnalendiatis asauaspat ohsizg, ,

of min (M, N) is obtained and the diagonal matrix is obtained 15 from the

ragpars iatiy..0 D= (5) Although singular value decomposition for real
numbers has been discussed above, care should be taken for singular
@Iﬁ%@eeﬂlﬁposition exteh8ion up to imaginary numbers. 20 Although U
and V are matrices consisting of eigenvectors,

vEy -1 (4)

Specifically, a set ¢of normalized eigenvectors of HH"
corresponds to the antenna weight matrix UY at the receiver and
a2 set of normalized eigenvectors of H°H corresponds to the
antenna welght matrix V at the transmitter. D is a diagonal
matrix with diagonal elements that are square rocts of
eigenvalues A, of H'H or HE®. The matrix size is determined by
the number of fransmit antennas M or the number of receive
antennas N, whichever is smaller; that is, & square matrix of
sizeocfmin (M, N} is obtained and the diagonal matrix is obtained

from the square matrix.

D= 3 _\[Z;* ; : . .(53
X 0 N minew

Although singular value decomposition for real numbers

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

elgenvectors with different phases, which are not singular,



eigenvectors with different phases, which are not singular, WO
2005/109805 PCT/JP20051007747 9 exist in countless numbers, even if

the eigenvectors are manipulated so that a norm of 1 is ob%aig%g itr}j_;sh%r:g,;
W@]é@" F¥drmalized. In some phasijc relationships between b énaﬂ\f the

above equation (2) is dissatisfied, because the phases of U and 5V are
angled differently, though both the U and V are valid. For complete phase
matching, V is obtained normally as a set of eigenvectors of H"H.

erewever, thisnditapredbynhrdgplyriethe Botthsides oétiveabove are
equation (2) by V, as expressed in the following equation.

NHNRYBVEYOBILORF(6) BT U FEThelrdshitter rarbnis: they are
nSHbzGarrgrs weighted by, the .matrix-\, of ransmit.anteppaweightings;  +ve

factors and the receiver receives the sub-carriers that are then Welghfed
albyvtheemadrix dd" ¢f reteive antennafweighiing-facters: Tdislia expressecnd
by 15 the following equation, where U is N x min (M,N) and V is M x min

5 V(RMENPRIGQY SR Hhitaly nfatheds. [002% Y2euMIeriuhpre valid.
o URYHROEDHN, (HOPIYHYYHNLZ) SIDHURRySOxrUEn. oo
Here, receive signal y and transmit signal x have (min (M, N) xyl) vectors,
o Noi Opternineshby de mombaetofdransmit is obtained by multiplying
the both sides of the above eguation (2) by V, as expressed in
the followlng equation.
HV =UDV®V =UDI =UD ey

U=HVD
10

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

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

min {M, N}, as U and V are unitary matrices. [0027]
'meHHVx+UHn :
=UR([UDV T W+ U
= (UH U)D(VH V}x +U%n (7)
- =DDIx+U"n
y=Dx+U"n
Here,lreceive gignal v and transmit signal x have (min

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

20 antennas and the number of receive antennas.
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20 antennas and the number of receive antennas. WO 2005/109805
PCT/JP2005/007747 10 Because D is the diagonal matrix, the transmit
signal sub-carriers can be received without crosstalk. Since the B
W&%Eﬂﬁﬁ&”@“&f each of the independept MIMO channels is prBSSHF&H% 7747
the square root of the eigenvalue Xtor the 5 channel, the power of each
MIMO channel is proportional to 2. Since the noise component n is also
an eigenvector normalized to a norm of 1 in the U column, UHn does not
affect Bhemnuise poiverThe dizetofld Hrmis arset of {hen (MahBhvectmignal
which is the same as the size of y and x. 10 In the SVD-MIMO
S HRINSATSSIBRT i s Way T Rigfcally intiependbnfrtffié MmO chsidige
=fieeiat.closstali can ber-ayailable simultanequsiyina same freguency
band. Thus, using the same frequency band, multiple data streams can
phedransmiited simultaneeyslydy wirelesscommunicationaand 15sor the
enhanced transmission speed can be achieved. The number of MIMO
ClehaRféls aVSIlEETESH thé SOV commaplcatrrsysenicretcied the. -
number, of trangmit antennas, M of the nymber of receiye aniennas N, .
whichever is smaller, min [M, n] . The matrix V of transmit antenna
naeighting: faciors 20.eensistsiof tiapamitveelDrs:y;, ag'manyRs the: arffect
number of MIMO channels (V =[v1, v2, ..., v min[M Ni ]) . The elements
tlof the L FRRSTR VectdRay Hrd %8 friary dsaaiupibér bl tidhsihit vectors,
antennas M. Generally, in the closed-lopp MIMQ scheme typified by 25
v VI%I\?H?\/I%kl %esﬁ%ﬁséﬁte%pfg cgﬁgﬁleo(% gal@ﬁgtiﬁ{g optimum

In the SVD-MIMO transmission, in this way, logically

independent multiple MIMO channels free of crosstalk can be

available simultaneously in a same frequency band. Thus, using

the same frequency band, multiple date shtreams can be

transmitited simultaneously by wireless communication, and
enhanced transmission speed can be achieved.

The number ¢f MIMO channels available in the SVD-MIMO
communication system matches the number of transmit antennas
M or the number cf receive antennas N, whichever is smaller,
min [M, n]. Thematrix V of transmit antenna weighting factors
conslsts of transmit vectors v, as many as the number of MIMO
channels (V= [vy,, Vy, +..; V i wml)- The elements of the
transmit wvecters 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 foxr ths

propagationpaths. Furthermcre, it is known that, by selecting
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weight factors for its antennas, based on information for the propagation
paths. Furthermore, it is known that, by selecting WO 2005/109805

PCTJJP2005/007747 11 an optimal coding ratio and a mo%%lation

WEHIRE be applied to bit streams, on transmit antenna chal?{‘s;? %ﬁ%sr/gwm

idea]. information transmission can be realized. However, practical

operation of a system of the 5 closed-loop MIMO scheme encounters

such a problem that, if the conditions of the channels vary to a great
akexPETt B8 theotangmitér.andihe acceiver aiove,; feetibaek fromehepplied
N re%e%j\éerq_éo the transmitter must occur more frequently. In the SVD- MIMO

P

LommuRication scRBmE, I ot ea3y T8 At e TPSifighfifmlue

1 desemposiion-inea) ime: In addition, itig ;necessary to perform a setup
procedure for advanced notification of V or U™ obtained by the SVD
calcul@ioretethe wther-éncd bf cormatmicatiart. By wayaiexatplesfor an
Orthogonal Frequency Division 15 Multiplexing (OFDM) communication

C 5yt of PEEH02SRE T Raftety iR 5 GR2 BardP SR8 L AN Yatemi b the
cSihich theSVEMIMO dransipission s Applied. I8l s considler oy nugh

will be the information of the matrix V of transmit antenna factors. Given
t thatthiesttransmit ahtenna eleraentsoanrd tireedeseiverantema2P=ceiver

elements are employed, the matrix V of transmit antenna factors is 3 x 3,
Chabirg MiReTEBmerts FBRE hsifBnt ROASSURTERIS Hohsist dfa féal SVD-
uilRehANda compiex oulber which are gepurate, 19 10 bitsandthe

matrices V for 52 carriers are reqwred%%, %% glts {— (efemen ot the
s mafdxex ébedepdparicand tion in real time. In addition, it is
necessary to perform a setup procedure for advanced
notification of V or U¥ ocbtained by the SVD calculation to the
other end of communication.

By way of example, for an Orthogonal Fregquency Division
Multiplexing (OFDM) communication system of IEER 802.11la,
namely, in a © GHz band, one LAN system tc which the SVD-MIMO
transmission ie applied, let us consider how much will bs 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
ig 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
pits (= 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 ths

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

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

2005/109805 PCTIJP2005/007747 12 A point that must be considered
W\ﬁﬁ@?ls%?@ﬁuctlng an actual SVD- I}f/&IMO transm|SS|on/receBﬁSf‘f’Ps%?g?@r{h7 i&

now discussed. In the basic form of the SVD-MIMO transmission scheme,
5 at the receiver, by the singular value decomposition for the acquired
channel matrix H, a set of receive weight vectors U" and a set of transmit
Weighﬁvé@érstvﬁhaﬁamiem ploy etbatstheée tradswiitter arercbtainediandan
s set ectors V is fed back to the transmitter. At the transmitter,

.%asét %ﬁ’%@%&%&@%ﬁlﬁsﬁs@dﬁﬁ?ﬁ@%éﬁ&ﬁh%&w&@%tsrformw

afrapsmussion. However, in the event that the amount of transmit weight
matrix V information to be fed back to the transmitter is so large and
sparsified Mhinfomsdtiorf is-trangmitted Haokpheo otthagenakstate, of theme,
MIMO channels will be altered due to 15 errors from true V information

2 Bnd G o5 ETK WA occlt. ThSiciy HEres afel He Aecevecets backahethe
aLransmit; weight matrix V to the trang (nggt & ysyally, the tfa%%m'“er tors OF

transmits a reference signal weighted with the matrlx V16 the receiver

anticithesreceiver acguiresdhegharna moatixagait 20 6ivepibatiie: the
channel matrix is H, the receiver can acquire a channel matrix HV from

CHre idteferice %rg‘%é?%gﬁ@%lr bgNE it e TeteRErthA iNesisenmdfrikoffed
bHI:‘%{H:V '%Qgta&r}%% mlt Se%d. as}?tsggm \{‘,VJ?FI;L tS f%ra.reeg ?pt'}?nssslsrga eof the
vectors V is used as the set of the weights for transmission.

However, in the event that the amount of transmit weight
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 cceour.

In view hereof, after the receiver fzeds back the transmit
welght 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 recelver, an inverse matrix of the HV is obtained
and used as a set of weights for reception. Since H = UDv,
IV and 1ts inverse will be obtained, as expressed in the eguation

below:
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HV and its inverse will be obtained, as expressed in the equation 25
below: WO 2005/109805 PCT/JP2005/007747 13 HV = UDVHV =UD (8)
\Slefw) %JD) =DU- = D UH This is such that, after received sub-carriers are
W el’l‘am &ith U in the same mannef as in normal SVD-MI 6?%@05/907747
separated streams for the MIMO channels are merely multiplied, 5
respectively, by constants that are derived from the diagonal elements %,
of the diagonal matrix D. Arrangement in which the matrix V is used as a

‘ Wf Wj;r transmission at the transmitter and the inverse matrix
Vi d &s a set of weights for reception at the 10 receiver is the
safygas performance of normal SVD-MIMO, and V mismatch at the
transmitter and the receiver does not occur. Therefye, this arrangement
EENIDE usddRctically. IV carfy dui'sVD-MIMO communication, it is
. necessary to acquire the channel matrix or the like. Meanwhile, in typical

15 wireless communication systems, the CSMA/CA scheme is applied for
collisigitavoitange Candat the sarRMtirmB Chievssicalfér RTBICTS are
wRiRaRde e periarmed.o.0eLa lrasmisaioLialt 191, 118 PuROsE B for,
Instance, solving a hiding terminal problem. Srhere ore, channel matrix
sapguisitian candenperiormed:hyusing2tpacketsrsugh 88 RTH GES L ed,

DATA, and ACK and through a control procedure that will be described
rBéRﬁF%§ﬁ?tﬂ3.%¥ constants that are derived from the diagonal
elements A, of the diagonal matrix D.

Arrangement in which the matrix V is used as a set of
welghts for transmission at the transmitter and the inverse
matrix of HV is used as a set of welghts for reception at the
receiver is the same as performance of normal SVD-MIMC, and V
mismatch at the transmitter and the receiver does not occur.
Therefore, this arrangement can be used practically.

| To 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 collisicon avoidance, and at the same time, the so-called
RTS/CTS procedure is performed to get a transmission right for
the purpcse of, for instance, soiving a hiding terminal problen.
Therefore, channel matrix acquisition can be performed by using
packets such as RTS, CTS, DATA, and ACK and through & control
vrocedure That will be described below (see FIG. 6).
Hereinafter, for convenience, the downlink fromthe transmitier

t0 The receiver ig referred to as the forward direction and the

uplink from the receiver to the transmitter is referred to as
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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 WO 2005/109805

WOEEG5/007747 14 the reverge direction. (Step 1) ThEGFARMREET 7+

transmits an RTS packet to the receiver. 5 A reference signal is attached
to the RTS packet. (Step 2) At the receiver, a channel matrix H is acquired
from the RTS packet received. (Step 3) 10 At the receiver, from the

thequked chandékestix, 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
gsmegdulation scheme to be employed. For instance, 15 the receiver may
want to stop transmission from nodes or terminals in its vicinity until the
complétien'of AGK; using o Nddmivhick shonid hecattached 1 LFSc £Dver .
Short NAV setting, itis necessary to perceive the modulation scheme

A ehipibyEd o HdeRanAS aid B R dhthddRmstkes determine
{g%ozr)nodulation scheme should be used at the transmitter for
ransmission, it is necessary to know the conditions of the MIMO

channgels, maamely; eigenvaldesrAqzperichannel xderivedbyn singulas Madue ne
decomposition of the matrix H, so that what condition of the channel

RivatAx Hifl bepetdsived.

(Step 3)

At the receiver, from the acquired channel matrix H, it
is determined what modulation scheme is employed and how many
independent spatial channels are available.

Upon recelving 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
a2 NAV which should be attached to CTS. For Short NAV setting,
it is necessary to perceive the modulation scheme employed for
the chamnel and the bit rate on the channel. To determine what
modulation scheme should be used at the transmititer for
transmission, it is necessary to know the conditions of the MIMO
channels, namely, eilgenvalues 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 recelver returns a CTS to the transmitfer. To the

CTS, a reference signal for channel matrix estimation is
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25 (Step 4) The receiver returns a CTS to the transmitter. To the CTS, a
reference signal for channel matrix estimation is WO 2005/109805
PCT/JP2005/007747 15 attached. (Step 5) At the transmitter, fro

Wl%lzg?gﬂggesosslgnal attached to the CTg transmitted from the rgé%%;iflpé%%’quM
channel matrix H 5 in the reverse direction is acquired. If calibration is
performed to compensate for difference in the characteristics of the
analog circuits in the antenna chains of the transmitter and difference in

aglieeh@facteristics of the analog circuits in the antenna chains of the
{gﬁe%/e%)lo the transfer functions in the forward and reverse directions

ilfBe the same. A method for calibrating the difference in the

charagterigties ot the;analog, Circuib Porions,al the ransmitierand the, .n .

receiver is described, e.g., in JP-B (Japanese Examined Patent
tAppieatita Pulsdication} edoSectb patentzight has aleady=beer] assignied =
to the present inventors. (Step 6) The transmitter executes singular value

Iy ecompoEitide6r the SEqufad Miafmx T fe reverse direction and
determipes, {he weights Y Jor dransmission, in. the.farward direction. { ;r%%ce

course, the weights for transmission in the forward direction, obtaine

isingudacvaluedeconspdsition at the reeeiver; may die fed backte thetenna
transmitter; however, its information amount is excessively large.
CHhErSIOrE TRE e tESSfchack ference in the characteristics

of the analog circuits in the antenna chains of the receiver,
the transfer functions in the forwaxrd and reverse directions
will be the same. A method for calibrating the difference in
the characteristics of the analog circuit portions at the
transmitter and the recelver 1s described, e.g., in JP-B
{(Japanese Examined Patent 2Application Publication) whose
patent right has already been assigned to the present inventors.
{Step 6)

The transmitter executes singular value decomposition of
the acguired matrix H in the reverse direction and determines
the welights V fcr transmission in the forward directicn. OF
course, the weights for transmission in the forward direction,
obtained by singular value decomposition at the receiver, may
be fed back o the transmitter; however, its information amount
is excessively large. Therefore, the receiver transmits back
the reference signal having a small guantity of data and the
transmitter acqulres V as above.

(Step 7)

In response to the reception of the CTS signal from the
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the reference signal having a small quantity of data and the 25 transmitter
acquires V as above. (Step 7) In response to the reception of the CTS

signal from the WO 2005/109805 PCT/JP2005/007747 16 receiver, t
W a%ﬁ}gsrﬁff?g(r)‘i[ransmits a data packet, o the beginning of thi]s)%ﬁﬁgzggsﬁﬁeﬁw

a reference signal weighted by V is attached, followed by user data

(payload) . Furthermore, following the user data, a reference signal not

weighted by V 5 is transmitted. (Step 8) At the receiver, a channel matrix
T3¢ IS aEquitde freRrImELFaferen e altiial Weightdd by Y aitkirversBamatrix

see equatio )3 is obtained as a set of weights for reception, and
ooy T WG EP OBt I eevad JRLETHHS fcerer il BB5aEDY
v & BewHaframthe-reference signal following theuser data. (SteRQ) Atihe
receiver, by singular value decomposition of the 'new H' acquired, transmit
favdightsi¢' inttheusversetrections 15 foruserdatazthat is transniitted fronm
. the receiver to the transmitter are obtained. (Step 10) The receiver
* Franshiitd a ré&fefence signal weighted bV new transmit weights V',
follawed py user data; thus, it performs 20 data communication in the
reverse direction, or on the uplink. (Step 11) The transmitter acquires a
channget magsix HAL froom the channel matrix HV is acquired from the

reference signal weightedbyV, its inversematrix (seeequation
{8]) is cbtained as a set of weights for reception, and thereby

weighted user data is received. BAlso, the receiver can acquire

& new H’ from the reference signal following the user data.
{Step 9)

At the recelver, by singular value decompozition of the
new H’ acguired, transmit weights V' in the reverse direction
for user data that is transmitted from the receiver to the
transmitier are obtazined.

{(Step 10}

The receiver transmits a reference signal weighted by new
transmit weights V', followed by user data; thus, 1t performs
data communication in the reverse direction, or on the uplink.

{Step 11)

The transmitier acgulres a channel matrix B'V’ from the
reference signal weighted by V', its inverse matrix is obtained
as welghts for reception, and thereby weichted user data is

recaived.

Through the procedure above, 1t is possible to carry out



reference signal weighted by V', its inverse matrix is obtained as weights
for reception, and thereby weighted user data is 25 received. Through the
procedure above, it is possible to carry out 17 bidirectional MIMO
communication of RTS, ITS, DATA (downlink) and DATA (uplink). In
communication systems that carry out weighted transmission and
reception based on a channel matrix H obtained from the conditions of
the transmission paths, channel matrix change over time presents

bigfggménlbe@?@nshm@&ﬁéégéifl&ke do. ghangepomeptarily, 8.9, dug,

to change In reflected paths caused by movement of a mobile terminal
anth&f{8es the'dHannel and its user in an indoor environment. It is thus

necessary-totise:a 4nosh recentebannel matrix immediately-beforereighted
. _Initiating.data tr@nsmission. H wever, in the ap‘ove communication :
transmigsion, and receptlon gased’'on &, chaphel matrix obtained

proceaure, the fransmitier needs to transmit a reference signal not '
Lroyeighited BynVLfollowing Usér@ata in step SF to allovw Hepuisiiciof transmit: =
cnyeights;in.the: reverse diraction-atthe,seceiver (5e6,FIG. B).« This posesa e

problem in which adding an extra reference signal to user d%ta gggg,eagae#hs
[

£ tr SHEMISSIOR BHiCiRhey” DisISsure B inventioh EXamplé embodiments’
cagaarovide esaperior systerh,Lirethedyiappardtas, apdscomputersystensnd

i for,wireless communication.that  are,ablerto enhange transMISsion 1o use
capacity by carrying out MIMO communication using multiple logical

moeﬁaﬁﬁggqanﬁ%@Tﬁﬁ%XaaﬁﬁﬁfsdﬁﬁﬁQﬁaﬁﬁ%%d&ﬁﬁcre initidting data

transmission.

However, in the above communication procedure, the
transmitier nseds to transmit a reference signal not welghted by
V following user data in step 7 to allow acgquisition of transmit
weights in the reverse direction at the receiver (see FIG. 0.
This poses a problem in which adding an extra reference signal to

user data decrease transmission efficiency.

Disclosure of Invention

Example embodiments can provide a superlor system, method,
apparatus, and computer system for wireless communication that
are abkle tc enhance transmission capacity by carrving out MIMO
communication using multipie logical channels formed by
exploiting spatial multiplexing.

Example embodiments can provide a superior system, method,

apparatus, and compulter system Ior



Example embodiments can provide a superior system, method,
apparatus, and computer system for 18 wireless communication that are
able to carry out closed-loop MIMO transmission with improved
transmission efficiency, using the singular value decomposition of a
channel information matrix H with elements that are channels for pairs of
transmit antennas and receive antefihas. Example embodiments can
provide a superior system, method, apparatus, and computer system for

wi lreless communication thal are ahle tg, enhance ftansmission SIICIENCY; oy,
by decreasing regions of reference signals which are exchanged between

MK trabisthitters ahtla redeivet T ERannéiivatix actitfisition darRgey,  veind

thSVR-MIMO cempmunieationcExamplecembodiments can provideian matrix

4 Syperior system, method, apparatus, and computer system forwireless .
communication that are a%le to en%ance trar?smlssmn e ﬁuencytby

angecpeasing regionssef reference signals which are attached to transmit
packetsfrom a.fransmitter durng bidireetional SVRMIMOsysten, metnog,
communication. In a first gspecttof thef inven,tion:i there isn%ovi,deq;a nat
SPRAFAEEE coRftiunitEtBn Sy steri Which Tarres 6ut data” tranemission, . o
argskiglmultiptenspatially muoltiplexedconimunication toharneks betweeacd ons
osransmitier.and a receiver, whereip. the. fransmifter fransmits, userdata e
following a reference signal for1 channel matrix acquisition, wherein the 7
anfser datgantrthe tréfereiftd Signafare-weitfhted dnd transmittéd overiHe™™
cogpatialty tintitiplexed channels; and the receiver acquires a current
channel, matrix i based.on the reference signal gitached praceding fhe,oq,
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 bidirecticnal SVD-MIMO communication.

In a first aspect of the invention, there is provided a
wiraeless communicaticn 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, wherein the user data and the
reference signal are weighted and transmitted over the spatially
multiplexed channels; and the recelver acguires a current channel
matrix H based on the reference signal attached preceding the
user data, receives the user data, while weighting the data with
receive welights derived from the channel matrix H, and adaptively
estimates an updated channel matrix H' as long as the user data
is being received based on information from the current channel

matrix.



user data, receives the user data, while weighting the data with receive
weights derived from the channel matrix H, and adaptively estimates an
updated channel matrix H' as long as the user data is being received
based on information from the current channel. matrix. 18a In a second
aspect of the invention, there is provided a wireless communication
apparatus which receives data transfitted from a transmitting end, using
multiple spatially multiplexed communication channels, said wireless
compmunication apparatus, comprising; g.cnannel malx acquisition Init.y
which acquire a current channel matrix in the forward direction from said
w1tk TRty ewe: 28 FecaivitgPSEction wHicH feceives User ¢t fransATitted=”
frihthe fq%fﬂn@%@@ﬂ@n fran) said ifrﬂj’lsmﬂﬂtﬂgﬁﬁd and-welghts the tserexed
data with [eceive weights derlved from.the, acaulied channel mathga o«
COURARNET mMattix Sdaptive éstimation Unit which adaptively estimates an
compdated channet matrid Hnduring receptiohtofthe wsek data transitted in 2
«uthe forward, dirsction, from sajd transmitting.gnd; the estimatian based 0Baiq
information from the current channel matrix; a reverse transmit weisgeh; .
SR RinEtdN Ut which WeteFites rahsit waights for~ trahemitting useér
crdatamin the reversedirectiontd saidetransmitfingrersd,aseckonthecing end
an@daptively estimaied.updated channel matyx; and A, ransmitling;seclign «pne

which weights user data with the thus determined transmit weights and
=Cfahsitits theniizer dafa’in‘the teversd tireclin 1o sait Fansriitting et in°"
unadhirchaspeci of dhe-ipvention; there is provided ac andiretessinel matrix 1

du%gl:qnggn urn el((::%%%rll orgetggd Q{ere%esi\e/ ;:ng cgaatte?‘ tr@ 1r:] gr%%? tdtfégm in the forward
direction from said transmitting end, the estimation based on
information from the current channel matrix; a reverse transmit
weight determination unit which determines transmit weights for

transmitting user data in

rt

he reverse direction to said
transmitting end, based on the adaptively estimated updated
channel matrix; and a transmitting section which welghts user
data with the thus determined transmit welghts and transmits the
user data in the reverse direction to said transmitting end.

In a third aspect of the invention, there 1s provided a
wireless communication method for receiving data transmitted Lzow
a transmitting end, using multiple spatially multiplexed
communication channels, said wireless communication method
comprising the steps of: acguiring a current channel matrix in
the forward direction from said transmitting end; receiving user
data transmitted in the forward direction from said transmitting
end and weights the user data with recelve welghts derived from
the acquired channel matrix; adaptively estimating an updated
channel matrix H’ during reception of the user data transmitted
in the forward direction from said transmitting end, the

estimation based on information from the current channel matrix;



a transmitting end, using multiple spatially multiplexed communication
channels, said wireless communication method comprising the steps of:
acquiring a current channel matrix in the forward direction from said
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 Btrix; adaptively estimating an
updated channel matrix H' during reception of the user data transmitted

a0 the forward direction from said tapsmiting.end. the estimation based .,
on information from the current channel matrix; 18b determining transmit
reygights fortPaRsmitting useridata ihthesTevérsedirétion tosad o ©0®
acdransnaitting ends based.ondbecadaptively estirmated updated chanpet data
. matrix; weighting yser data, with the thus determined transmit weights and,
Wl%ngém@lttiﬁggﬁﬁe gﬁ%éerr daty ?n the reverse Hler:é%%gﬁ 0 %nglidttrrgﬁgrr%lt{% ngn%nd €
uséry acfourth aspeet of the Iaveation taTets providdd & sonputer Fregram
coded in.a egmputer,teadablg form {0 PEHOHN:3,Process.on:a CompUiets =
system for receiving data tﬂ_ransmitted frgnl atragsmitting gndLusing c -
“omitiple SPAFARF muitipfexed Eommitirication channéls, said computer”
prpregramcomprises: the steps <of. acquiring:acursemtchannelrratrix ¢y the om
- foryard direction framsaid fransmitting end; adapfively.estimating an;,1 exeq

updated channel matrix H' as long as user data transmitted in the forward
cogiteRtion from Saittransmittigend s Being YECENE, tHE Bsfififatioit °°F°
ot basedronrinfarnatian from the currentichannel matrixe whileraeighting the on

£ GR12 YA recelva weIgnts. deriver fOmIRe RIQUIECSHRRAELM A Afitkcea
etermining transmit weights for

channel matrixz H' as long as user data transmitted in the forward
direction from said transmitting end is being recelved, the
estimation based on information from the current channel matrix,
while weighting the data with receive welights derived from the
acqguired channel matrix; and determining transmit weights for
transmitting user data in the reverse direction to said
transmitting end, bassad on the adaptively estimated updated
channel matrix.

Example embodiments can provide a wireless communication
system which carries out data transmission, using mnmultiple
spatially multiplexed communication channels betwesn a
rransmitter and a receiver, wherein the {ransmitter Transmits
user data following a reference signal for channel matrix
acguisition and the receiver acguires a channel matrix, based on
the reference signal attached preceding the user data, raceives
the user data, while weighting the data with receive welghts

derived f£rom the



transmitting user data in the reverse direction to said transmitting end,
based on the adaptively estimated updated channel matrix. Example
embodiments can provide 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 i‘c?llowing a reference signal for
channel matrix acquisition and the receiver acquires a channel matrix,

based on _the refer%nce Sj %J g acrgecq%%%%digg thgh%%%r Qa@aggggivgs
Ch{%ﬁg%ger%%[?éﬂvh% ngjg%%tgicng (t%htég dgta with receivg \‘/veight‘se derived from s
lonhe a9 whamndlnatlix, afdad@ptively estimatesefife Rannel matrix H as

longras recepdng:ihe user data is beig fecelved, Therpystem?as usedn =
 hereinis a gorg[glex in Wl?iCh a. plurality of deviggfe(nor functional modules. . .
PHi6Fimplementatina “specific functions) joined Togically and its rio matter -
spevhdther fonnot each devicedrfanttional niodulé does Mot present irasther

o= Single chassis;.The witgless,communication, systemdisess €. G the MIMG. -
“communication scheme and is able to increase transmission capacity and
5L Bfante*éSmimunication speed, using spatially multiplexed transmission

path;m@amebeﬂ‘quvlo channelszinithis easegbothithe trarsmitter aimel tHEMO
colSCRIYEL arg equipped with multiple aptennas, the;transmutter allgcates, s on

transmit data to multiple streams and transmits weighted streams from
cafie Hanhsniit Antéinas dhd thefEtsFerweight§the Streanis téceivéd by ¥

muﬂﬁiplexed transmission paths, namely, MIMO channels. In this
case, porth the transmitter and the recelver are eguipped with
mzltiple antennas, the transmitter allocates transmit data to
multiple streams and transmits welghted streams from the transmit
antennas and the receiver weights the streams recelved by the
recelive antennas.

in the wireless communication system, the closed-lcop
communication scheme typified by SVD-MIMCO transmission can be
used. In +this case, the ftTransmitier acguirss optimal tTransmit
antenna weighting factors, based on feedback information from the
raecalver.

In a typical wireless communication system, nodes or
terminals perform the RTS/CTS procedure to gset 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 acguisition is attached to each packet

of RTS, CTS, and DATA.



receive antennas. In the wireless communication system, the closed-loop
communication scheme typified by SVD-MIMO transmission can be used.
In 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, 3 reference .signal, for.channel matgix acguisiion is .. cne
attached to éach packet of RTS, CTS, and DATA. 20 However, for data
regraTSHisSiON of'the LPiRR o the réteiverto I trahghfittet, of il fivd 1 °7
foTeveise digection - fallowing data transmissienenithe downlink from.thetcer
hsmitiet. to the receiver. ot in Ihe forward direction, according 19 the, ..
ICTS procedure, the transmittér must fransmit a reference  signal not
RT éTghted oy vfoltowing aser dutatdalfow thes FeceRaridiacqaire"tansiice
1 veights dn theseyerse direction. sThisases aproblem in whish adding anre
exira reference signal to_user decreases transmission efficiency. In view
e HardoF, exanipig embodifients can'Srévide athethod fhatdispenses with
Thiasreference signal fellowingiuser datd! trarsmited:-frome fhe trarsnitterad o
usdhe Jeceiver, In example embodiments. the, transmitter transmits a

reference signal for channel matrix acquisition at the receiver and user
datafolldwirl the"féferercéSighal. Bt BtREF haid, Proviae & mesnod

that dispenses with & refersnce signal following user data

o tr
R

transmitted from the transmitter to the receiver.

In example embodiments, the transmitter transmits a
reference signal for channel metrix acguisition at the recelver
and user data following the reference signal. On the other hand,
the receiver acguires a channel matrix, based on the referencs
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 matriz H as long
as the user data is being received, and cobtalned 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 recelver
iz referred to as downlink data. User data from the receiver to
the transmitter is referred to as uplink data. A channel matrix

or the channels from the transmitter to the

FHh
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the receiver acquires a channel matrix, based on the reference signal
attached preceding the user data, receives the user data, while weighting

wgp%}%%t%xxih receive Welghj[s derived from the channel ma{,rgsﬂ 9(%5’0‘6%%7
estimates the channel matrix H as lgng as the user data is being

received, and obtained 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
rqeeeiver is veftrreutrraddonlink datsl Bserdamdiomans recéiver tore

the transmitter is referred tq as uplink data. A channel matrjx faqr th
R RS Farf LT T (TG WO SO TGBGs o o dentted by

=
annets
1 {6 7/IP2005/007747 21 receiver is denoted by H(Dn) and a channel
matrix for the channels from the receiver to the transmitter is denoted by
H(UphDownilink datads weighteghine¥ atthé teansmitterrAt Sethigter. At
receiver, using H(Dn)V derived from the reference signal weighted by

ARt WETGHts AP it the forivard Hirettlioh, GSar data chR e =nce stonal
- be@b&'@&'%@@%@&%mt&p{m@m channels ang. received; Differenge ser

ween this received data and signal points in signal space is obtained
daiserranirifermatiari, @nd. 20 u$ing an algatithyl sushasi =M S;anrestimatend
value of the channel matrix H(Dn)V can be updated. Thus, even if H(Dn)V

r$ERIcHged 16 M v VoWRAtinte it isrossinigto $6iicy e chadigat
wAie g S0os ey olonng clapas g oLl
udlihReattalgorithm such as IMS, an estimate value of the channel
matrix H(Dn)V can be updated. Thus, even 1f H{Dn)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 fcllowing H{(Dn)V by using decision feedback,
change of the channel matrix to H({Dn, new)V can be detected at
the recelver.

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 AT 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.
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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.

wies %ﬁl&q‘% weights for transmitting uplink data in the 20 rey ﬁ%z‘ﬂ;{s‘?@tjﬁ%
rom the receiver to the transmitter ypust be obtained newly. An uplin

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
AT is a transposed matrix of 25 matrix A, A* is a complex conjugate matrix

%@fyg&mﬁg isa conjuggte transposed matrix of matrix A. WO
109 /JP20051007947 22 H(Up)=H(Dn)T (9) The above
equation (9) is evaluated as follows. H(Up) = H(Dn)f =

(UOmBROaRLPNHTL, YPay DED)RRIEQAT (14 Hhus, (YRALYE =

U(Dn)* can be used as the weights for 5 transmitting uplink data. Now, if
Zlé ,gev&\éimryedi ely before tr nﬁ% uplink data can be

d, smi Ev@éaﬁm tgansmitting the uplink data
_gwggk%b%@g)@@ as downlink data from the tranSmitter is being
10 recerved,‘thereceiver follows change to the H(Dn)V channel
information by adaptive estimation; therefore, the receiver can acquire
H(Dn,meve)V. Theottaisit weinhis VEBN) nsed deridawntink datd ght s for
transmission from the transmitter are still old V(Dn) which are

Transmitting uplink data.

Now, 1f H({(Dn, new)V immediztely before transmitting
uplink data can be acquired, the transmit weights U{Dn) when
transmitting the uplink data can be obtained.

Ls long as downlink data from The transmitter is being
recelved, the receiver follows changs to the H{(Dn)V channel
information by adaptive estimaticon; therefore, the receiver can
acqulire H{Dn, new)V.

The transmit weights V(Dn) used for downlink data
transmisslon from the transmitter are still old V{(Dn) which are
held at the receiver.

After the receliver derives H{Dn)V from the reference
signal weighted by V attached to the beginning of downlink data
from the transmitter, i1t can follow channel condition change
by obtaining a most recent channel matrix through adaptive
estimation., When transmitting upliink data, the recsiver can
obtain themost recent channel matrix K (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



15 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 r geiver 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
cnd0alrix on the uplipk, ar in.the reverse.direction, ds a ranspesed matrixof *,

the downlink 23 channel matrix, by singular value decomposition of H(Dn,
thel)2 e trafisrilt Weig & U(DAT* fof trar8mitling Lpiink ' data € b&="  °©
obobtawed. According to the method of calculating the transmit weights for

trangmitting uplink data as.abave, it becomes unnecessany 1o fransmita,, . .

reference signal following downlink data as shown in FIG. c. Example
fopnibodiients-ean ‘dse Providie®a enTBitet prograrfi “codéd T acomptitér =°
crkgagablesformtorpetformiapracess 0bya -eoraputersystenttor seceiving: in
_.data transmitted from a transmitting end, using multiple spatially
1 A . . . .
Hiultiplexed communication channels, wherein the computer program
comprizes! thesfoliowingrste ps: dcquiring archamse niatrbCiPthesforwaies ram
codirection from the transmitting.end; adaptively gstimating the pchangel on =
matrix H as long as receiving user data trangggmttedgna rtlhr% fg@g%rd from =
1 T VL = . £r.
SOBIeThibn fronT the tranSmitting end While wéigtiting “the data with recéive
trweights:derived 4reim the wcquired clannel = spatially multiplexed
communication channels, wherein the computer program comprises
the following steps: acguiring a channel matrixz in the forward
direction from the transmitting end; adaptively estimating the
channel matrix H as long as recelving user data transmitted in
the forward direction from the transmitting end while welghting
the data with receive weights derived from the acguired channel
matrix; and determining transmit weights for transmitting user
data in the reverse direction to the tranamitting end, based on
the adaptively estimated channel matrix.

The computer program 1s the program coded in & computer
readable form tc implement predetermined processing on a computer
system. In other words, when coples of the computer program are
installed in individual computer systems, they work cooperatively
across the computer systems and cause Lthe systems to opesrate as

communicatlion devices. Building a

Te:



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 is 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

neCOMMUpication devices, Building a 24, network, where a plurality.of such 5.«

communication devices are set up can produce the same effect as the
UP fiféPaSPeC Bxaiplé BRbGdimentS Canrovide’ & SiiFéior system,
methednapparatus, andicomputes:system for wirelessrcommuricatioathod,
. 28 201510 calfx.u clasecklopp MIMO ansmussion flgelYon cnac
using the singular value cfecomposmon of a channel information matrix H
argiitietenientsahat ape chahpets! farpair of transtritanterifastand ctent1y .
us [eCeiVe ANteRnas ~Alse, example £MPbodiments,ean: pravdde £ Superehation
system, method, apparatus, and computer systemfor Wireless - ...
A Eomminidation ”tjh%‘ are able 16 enhance transmission gfﬁi‘:lency"by }
angecreasiay regions of seferenee signals which are exchanged between a
trangmitter and, areceiver for channel matrix acauisition dwing:or systen,
SVD-MIMO communication. Moreover, example embodiments can ‘
"= bR ide ERUpRTIOH s§Efent CRiethod, Spparatus’ andcomptiter SYStm tor - °
thwireless ebmmunication that arezaldeitosenharce trahsniission efficiengy1ng

rPY fecreasing.regions of reference signals which are atfached e cyeen &
transmitter and a receiver for channel matrix acguisition during
SVD-MIMO communication.

Moreover, example embodiments can provide a superior
system, method, apparatus, and computer system for wireless
communicaticn that are able to enhance transmission efficlency by

decreasing regions of reference s=zignals which are attached to

transmit packets from a transmitter during bidirectional 3SVD-MIMO

communication.

Further advantages of example embodiments will become
apparent frem  the following detailed description of an
illustrative embodiment of The invention basead on the

accompanying drawings.
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transmit packets from a transmitter during bidirectional SVD-MIMO

communication. Further advantages of example embodiments will become

apparent from the following detailed description of an illustrative
Wéﬁ‘?ﬁ%’ﬂm%@%t of the invention basedzqn the accompanying &5%%5@9%747

2005/109805 PCT/JP2005/007747 25 Brief Description of Dr,@winas

FIG. 1 is a diagram showing the configuration of a wireless

communication apparatus according to an embodiment of the present

invention; 5 FIG. ZEs edidgeamithatd Ati lepiets the functional

structure of a channel characterists acqusitin _and adaptive estimation
unit; FIG®3 is A%fagiaRt8rexprain BRlirEGRAMAER eofinfinfdidie - oS5
agruding 1a the RIS/CTS procedute; 10.FIG, 415 a diagram that
Cconceptual‘% dep%tgg a MIMO commuﬁicgtion syste%n&oﬁ%ir%efg aﬁag?%r%
pthateonceptuatly depicts an SVD- MIMO transmission system; and FIG. 6
is a diagram to explain bidirectional MIMO 15 communication according

to the RIS/CH SLroectire rBBst B 8e I6RCBAYIHFOUY thieehvehtiofi X
fg&yé%@gﬁ f@%%m%}e%@e presentinvention will be described fully, , .
ereinafter with reference to the %)accompanﬁng drawings. TTig o

aitventieprelates o arMIME-cepmunication system

FIG. 3 1s a diagram to explain bidirectional MIMO
communication according to the RTS/CTS procedure;

FIG. 4 1s a diagram that conceptually depicts a MIMO
communication system;

FIG. & 1is a diagram that conceptually depicts an SVD-
MIMO transmission system; and

FIG. 6 1s az diagram to explain bidirecticnal MIMO

communication according to the RTS/CTS procedure.

Best Mode for Carrving Out the Invention

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

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

In a typical wireless communication system, ncdes or
terminals perform The RIS/CIS procedure to get a transmisgion

right, while performing access control based on the CSMA/CE.
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where spatial signal multiplexing communication is performed between a
pair of a transmitter with multiple antennas and a receiver with multiple
antennas. 25 In a typical wireless communication system, nodes or

WRANNAE form the RTS/CTS progedure to get a transmigSighT ﬁ'&ﬁf‘,}mﬂ’r"?

while performing access control based on the CSMA/CA. WO

2005/109805 PCT/JP2005/907747 26 In this case, to carry out

SVD-MIMO communication, a reference signal for channel matrix
Imdguisitionds attached toyeach pACkefIHORISICTS cand RATA. fFof«datace

transmission on the uplink from the receiver to 5 the transmitter, or in the

s{ebérsd afr st foll S\Ring dats WartsrnisSion O e BBRA ik sk BrEket
5 gaf@f@itt@%or the. receiver, or in the forward direction, according to the

TSICTS procedure, the receiver must acquire transmit weights in the
reversecdiregtion.+1G A erallow the seceivenip ataMire-transmi welgitsér <o
the reverse direction, the transmitter transmits a reference signal not

CReigREsEBy- Vidllowily tBer H4td SVINERYetiéasdst tanshiissioriing data

+Elicigney. As.an extira reference signal s, altached 1o user data. 15 In the
present invention, the transmitter fransmits & reference signal for channel

r SRl acysition atthedeceiverc and usesdatadeliowingdhe referenee/ crs
signal. On the other hand, the receiver acquires a channel matrix, based
ponaheYEferehce Sighal deached préceting thé tserdata, weteives the the

user data, 20 while weighting the data with receive weights derived from
r%¥exse diyectlon.
e

Tc allow the receiver to acquire transmit weights in the
reverse direction, the transmitter transmits a reference signal
not weighted 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 fcllowing the reference signal. On the other hand,
the receiver acguires a channel matrix, based on the reference
signal attached preceding the user data, receives the user data,
while welghting 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 Hf, the receiver can cbiain transmit
weights V’ for transmitting usex 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
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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 tr itti r
W&’a%%{’%ho?ﬁ%suplink, or in the 25 revegse direction. Consequ%%%}g%%”
becomes unnecessary to attach a reference signal following the user data
to be transmitted from the transmitter to the receiver, improving WO
2005/109805 PCT/JP2005/007747 27 transmission efficiency. FIG. 1
t showsitheiconfiglifdtoreofa wireless communication apparatus
accordin?tto an embodiment of the Erese,nt invention. 5 The wireless

communicatibn S atutsiin h¥ BTG F1 78 &tfuifpdt With¥io
~dransmitaceive antennas,jla and Jb and, capable of.dala fransmissiopdn

accordance with theé SVD-MIMO scheme. That is, for transmission, a
piragsniit signahisimultiplexed into sub-carriers, after the sub-carriers are
10 assigned transmit antenna weighting factors, they are space-time

coded aiftl HHoEAEATo P WO GitenEsTRPATE 116 HantwHiehTAey arels
=JaISputieq opfo [eapective chapnels. Fop recepuan, e multiplexed , op,q

Sub-carries received by the two antennas lla and llb via the respective
c£hannelscaresassignedASrecsiverante nnacweighting factors @mne svD-MIMO

space-time decoded into receive data. However, the gist of the present
Sfiv8htion SEAbt fihitedts tWAITEARES BRd thrder P ATbre aftdiifas iy

=28 SMPIoyed. Transmission chains and teception. chaips are connected,
assigned transmit antenna weighting factors, they ars
space~time coded and allocated to the Two antennas 1la and 1lb
from which they are transmitted onto respective channels. For
reception, the multiplexed sub-carries received by the two
antennas 1lza and 1lb 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 may be
emploved,

Transmission chains and recepticon chains are connected
in parallel to the two transmit/recelve antennas 1lla and 1llb
via switches 12a and 12b for wireless transmission of signals
over a predetarmined fregquency channel to any other wireless
comminication apparatus or reception of signals transmitted
from any other wireless communication apparatus. Howevef, the
switches 12a and 12b make connection to elther a transmission
chain or a reception chain exclusivelyat a time and each antenna

is unable to perform concurrent transmission and reception.
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20 in parallel to the two transmit/ receive antennas lla and ilb via switches

12a and 12b for wireless transmission of signals over a predetermined
Wgezg(lljs%rg}(g:xogfha}nnel to any o'ther wireless commun_ication aw%%%m_} 47

reception of signals transmitted frog any other wireless communication
apparatus. However, the 25 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

recepB&E WD 200841509805 PETIIP 2005007747 2@ Edehaipismissidn

chain comprises.a modulation and encading unit 21, a transmit weight
HCIEpiS: S3LIFPT 0 o eahble/lShABnCE ABLRER 2415 BAS: 2
pCOAWeItey 20 rand ra dransmit:signal apalegprocessing Wnit28-2The  4ng

modulation and encoding unit 21 encodes transmit data sent from an
a Uppersayer of ‘aycerhnauricatiompratecsliipgennn wokection coding and
map transmitdzi]gnals in a signal space, using a predetermined modulation
BPSK,

schené §JEH , EFH- ISR ACRRIRAE Saiow-daEata
s Sting may be hr}gdsg@dzaa%g a pilgt symbol into aumodulated symbol .-

sequence, according to pilot symbol insertion pattern ‘and timing. One
cilotsighath cansisting ofiarkmownpattern maybelinseried fotr @vely space,
sub-carrier or for every several sub-carriers. The transmit weight multiplier

USHg Atphied ehettet e i e aNdR i Sen a5 s FaRshRtwight nvatfix vand
it eighi et s orEatia bascd on Toebatk Gl =2
a the nthes end of communination ardisetifthe sequence, according to
pilet symbol insertion patifern and timing. One pillot signal
consisting of a known pattern may be inserted for every
sub~carrier or for every several sub-carriers.
The transmit weight multiplier 22 multiplies encoded

transmit signals by 2 transmii{ weight matrix V, which creates
multiple MIMC channels by spatial multiplexing.

The transmit weight matrix V is created based on feedback

information from the cther end of communication, and set in the

transmit welght multiplier 22. Alternatively, 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 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 sstimation

unit 37 during user data reception. The procedure for obtaining
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transmit weight multiplier 22. Alternatively, for data 20 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

YRV YFin the forward directio%according to the RTS/EFEIP200S007747
procedure, transmit weights V' in the reverse direction can be obtained,
based on the result 25 of adaptive estimation of the channel matrix H,
executed by a channel characteristics acquisition and adaptive estimation

tuamits37 duriegclisey data recaption vENe protedureifon obtdibibg WG cribed
2005/109805 PCT/JP2005/007747 29 transmit weights V' in the reverse

1 afifection will be described later. The IFFT 23 converts modulated serial

signalg;jnto; parallel capslellatians, of data for pargliel subGartess. ; g,

according to parallel sub-carriers number and timing, performs Inverse
pdrast Faluries dsarsfoad omtheqFargdiebcdnstelbations] per bloskef-EErs,
size, according to predetermined FFT size and timing. Here, a guard

2GR Al b HSeriat bEReEA evety IWEBFDMEFTILON 16 elRfifbes ™
rAyEr-symaalinterference., Ihe 10 guard '@E&Y%'A?Qﬁe‘f %%t.%m'e'ﬁ%?x ns

transmission path condition, that is, the maximum delay time of delaye

pavayes that affect nnedwation:dhem the pasaliel data-is ceaverteddnte: and
serial signals which are in turn transformed into transmit signals on the
L axis, ViR keéepitiyThttalcoTivdgdnality 1 5108 $ié sdbbsariers opvthey

t&@%“fﬂi&y gl‘n%o Qet”a%ﬁé”“isﬂ%%%'s%ﬁ? then converted into-analog. - e
baseband ignals by?he K- Converter Eg, th asebande'&gnas

guard interval length is determined by transmission path
condition, that is, the maximim delay time of delayed waves that
affect modulation. Then, the parallel dats is converted into
serial signals which are in turn transformed into transmit
signals on the time axis, while keeping mutual orthegonality
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 =zignals
are further up-converted into signals in an RF freguency band
by the transmit signal analcog processing unit 26, and the RF
signals are transmitted onto each MIMC channel from the antenna
11,

On the other hand, each reception chain comprises a
recelve signal analeg processing unit 31, arn 2/D converter 32,
a sync acquisition unit 33, FFT 34, a receive welght multiplier
35, a demodulation and decoding unit 36, and the channel

characteristics acquisition and adaptive estimation unit 37.

Signels received by the antenna 11 are down-convertad
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are further up-converted into signals in an RF frequency band by the
transmit signal analog processing unit 26, and the RF 20 signals are

transmitted_onto each MIMO channel from the antenna 11. e of
Wﬁa"f‘?&?’ é‘ggi}l"reception chain comprisgs a receive signal anafgg @8%%@5&#&7
unit 31, an A/D converter 32, a sync acquisition unit 33, FFT 34, a receive
weight multiplier 25 35, a demodulation and decoding unit 36, and the
channel characteristics acquisition and adaptive estimation unit 37.
L 18ignais rédefeehine ey dntethaiticare sioinmrconiened WOy 2005/160805e

PCT1JP20051007747 30 from the RF frequency band into baseband
S shgivals B tHetveRie™ $ignt atfiidy Prod@ssingumie S e fasdsadd ©
cSignals ake scanyestedsinto digital signals by. the A/, copyeiter 32. hen,

according to synchronization timing detected by the 5 sync acquisition
unit 33}tke, received Signdls agsenabdate atecdnvetted ddbected by the
constellations of parallel data (one constellation consists of one OFDM

S ymBGITHERGa gtfard itervaly. E3SEESGHer TRAHSS# OIS Sighads peFa
o effective ;symhollength is parformed by the ERT_34; by extracting each 10

sub-carrier signal, the signals on the time axis are transformed 'into those

condheftequencycaxis.i EBhe channekcharaatesigties acquisitionand a guard
. adaptive estimation unit 37 first acquires a channel matrix H, usinga
LhefefdRce sighalivhdsE Sd5-canieRToP AultileRéd 18 trarispiissibRansrers

s;‘é&ﬁ&%ﬁgﬁ%eg'ﬁ?%eﬁ%@%r E%brfgégi%ftéﬁg pierepd- By gnovlarvalue
sub-carrier signal, the signals on the time axis are transformed
into those on the fregusncy axis.

The channel characteristics acquisition and 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 E, the channel matrix is decomposed into a transmit
welight 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 estimatlion unit 37 updates the channel matrix H, each
timeaarefergncesignal<isreceived,amxiexecutessingularvalue
decompesition of the updated matrix, |

For data transmissicn 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 te the RTS/CTS
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matrix H, the channel matrix is decomposed into a transmit weight matrix
V, receive weight matrix U', and diagonal matrix D. For reference signals

Wtrazr{l)ggpift}tg%g_from the other end at given 20 intervals, the chaﬂ%%?mﬂ 007747
Aracteni&ics acquisition and adaptive estimation unit 37 updates the

channel matrix H, each time a reference signal is received, and executes

singular value decomposition of the updated matrix. For data

transmission on the uplink from the receiver to 25 the transmitter, or in
rilveessrse diteetiohafollewingdatc temnseiidsion arcthesdaviainkafrdm

he transmitter to the receiver, ar in the forward direction, according to the

>RHS/CTS YO BO0SAD4E0S PETAPZOUBTO0T PAP 31 prEceting, Yhe'™ P
r£hannel gharacteristics acquisition.and -adaptive estimation unit 37 . - 5 o,

obtains transmit weights V' in the reverse direction, based on the result of
oadaptvekestimationz bf the ehadnelimatriskduimgauserdata Yeeeptidhe

The 5 procedure for obtaining transmit weights V' in the reverse direction

PP BE tedchbedIRier Phe fedeive WRIghtInatK G Yerived Frofn #iferse
q£hannel matrix through singylar value decomposition is set in the receive

weight multiplier 35 of the apparatus being discussed 10 and the transmit
weightmmatrbeVds-fed backie the other arfd dEoweser rasthe receivennel
weight matrix, DTH, the inverse matrix of HV may be used instead of U~

neddel Eqlafichieg) ard-rilarsd BesERpieITRTIPRSoréGBing Setfitn): THehe
r\%(g%i\/{%nv:{fteir%?%rﬁ] gt{rﬂol.%ﬁ%%%%g%ﬁ;%%%vgp%zgg&nuaslsg 11858 cussed
and the transmit welght matrix V is fed back o the cother and.
However, as the receive weight matrix, DU, the inverse matrix
of HV may be used instead of U¥ (see egquation (8) and related
description in the foregeoing section).

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

furthermore, the demeodulation and decoding unlt 36 demaps
the thus weighted receive signals from the signal space by =
predetermined scheme such as BPSK, QFPSK, and 160AM, carries out
error correction on the sighals, and decodes them inte receive
data which is in turn passed to the upper layer of the
communication protocel.

For data tfransmission on the uplink from the recelver 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



10

16

25

value decomposition of the channel matrix H, which spatially
demultiplexes the spatially multiplexed receive signals. Furthermore, the
demaodulation and decoding unit 36 demaps the thus weig v
W |gzp1%’fsi‘%?so% the signal space by a 20 predetermined scher}ﬁggs/é%%%gs‘?m’m
BPSK, QPSK, and 16QAM, 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 unlink from
PIREPEEEIver 125 the Hrambmittet, obiretie feversedirectivalfollollirng: the

rg_ua;ta trargfmiss'on on the downlink from the transmitter to the receiver, or

in the forward diredtion, according to the RTS/CTS WO 2005/109805
PCT/IPR005/00%/4% 32-precedure. dheregsiver.must pbtain transmit,

weights V' in the reverse direction. In a wireless communication system
prelevant torthed present embodinzeripthiecansmites:transmits-a feferenee
5 signal_for channel matrix acquisition at the receiver and user data

S ¥Si5Wing the rerarnc 8 dignal. BniheOthePRait, the FENSAcqhfedse™
s&hanaghmatrix hased an the reference signal afiached pregeding the user,

data, receives the user data while weighting the data with receive weights
r dedved franntherehaanel kthmatrix - adaptiveboestimates dfe chanael i gnal
matrix H as long as the user data is being received, and obtains transmit
2 WG NP TSR AN EMiting HSEFdatten thetpiRREOFHT tHE féverde while

wiliealon,Jiom an pogpively eslimared gRAMCk AL s, GRISEINE L1
It becomes unnecessary to transmit an extra

matrix, adaptively estimates the channel matrix H as long as
the user data is being received, and obtains transmit weights
V" for transmitiing user data on the uplink, or in the reverse
direction, from an adaptively estimated channel matrix H’.
Consequently, 1t becomes unnecessary to transmit an extra
reference signal followling the user data to be transmitted from
the transmitter to ﬁhe recelver,

FIG. 2 schematically depicts the functional structure of
the channel characteristiics acquisition and adaptive
estimation unit 37. As shown, the channel characteristics
acguisition 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 adapiive estimation,uﬁit: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 fransmitfing user data in the reverse
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15 reference signal following the user data to be transmitted from the
transmitter to the receiver. FIG. 2 schematically depicts the functional
structure of the channel characteristics acquisition and adapfi
WOHHBR Cinit 37. As shown, the channel characteristics 2 (g%clléﬁlzgl Ton 4
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
diadaptively estintatesithencharitélngatixdH dosagdhenecéptianieptsarely
data transmitted 25 in the forward direction from the transmitting end, and

o3 1BGERE e WetGht determifation ARt frhich Getbkniced tafmit

egﬂ@m@tﬁj,f%tmsg‘gﬂa%&*ﬁ% 13 {he peuerse WQ 2005(109805, 1, 5eq
PCT/JP2005/007747 33 direction to the transmitting end, based on the

ondafivehs estimatedechanaekmatixdihe ehahsdlgnatrixataptiven sional
estimation unit adaptively estimates the channel matrix, based on

Seffféterte BeliveehteeeRRE- Pita 3R Sigrndl PEints ¥ Sihals §yade2gs-i4s
erroﬁrgormation, and using an algorithm such as LMS and RLS. The

and g . . . - .
transmitting end obtains transmit weights V for transmitting user data in

the foryrasd lirgetion te the regeiver heferehandnand aftes tansaitting-a:
reference signal weighted 10 by V, transmits the user data weighted by V
L 5oaFEBpaAialyI MERPIEREE cRaRRels TR the dhemhePharit Aegifsigener

AR e sl ot fom e lrenee Senal hepl .
by V, transmits the user data welghted by V over spatially
multiplexed charnnels. Thus, tThe charnel matrixz acquisition
unit derives HY as a channel matrix from the reference signal
walghted by V and the channel matrix adaptive estimation unit
continues Lo perform adaptive estimation of HV' as a channsl
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 direciion, the reverse
transmit weight determination unilt can determine the welights
vV’ for transmitting the data in the reverse as follows: it
obtains H’/ by multiplying H’V by V" and executes singular value
decompositicon of the transposed matrix of H'.

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

embodiment will be described with reference teo FIG., 3. At the

transmitter, processing for obtaining a transmit weight matrix
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continues to perform adaptive estimation of HV' as a channel 15 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

W&’lrzggﬁg?fsf}o’llowing the reception of pser data in the forward div&k Pc()’ﬁl,ﬂ R&
reverse transmit weight determination unit can determine the weights 20
V' for transmitting the data in the reverse as follows: it obtains H' by
multiplying HIV by V" and executes singular value decomposition of the

V transposedenatfixrof Hieth thetfoledmg the procedure for bidirectional
MIMC communication of RTS, CTS, DATA (downlink), and DATA (uplink)
25 in the wireless communication system relevant to the present
%Ql%%diment will be described with reference to FIG. 3. At the transmitter,
procéssing for obtaining a transmit weight matrix WO 2005/109805
PCT/IR2005 00474 £ 34V iis assumecefiniShed heferehandm{Steprl)Anhe
RTS packet is transmitted from the transmitter to the 5 receiver. At this

TR YRE trafsmitiertrahBmitda fefeienteSigRal préceting the RYSsTrence

sPagket 1 tQSéSE%:%’eLh')ér%@%a@%f“% 5&%%3'3:%!‘&%%%5 ver ‘%%;]'Z%ﬁeﬂms

achannel matrix H (Dn)  in the forward direction, or on ownli (§tep
r2f40Aldhe fegeiverdnatrixddDn)-andimadet VRN are -ehtaiped by 1 (Dn )

singular value decomposition of the channel matrix H(Dn). (Step 3)
in the forward directicn, or on the downlink.
(step 2)

At the recelver, matrix U{Dn) and matrix V(Dn} are
obtained by singular value decomposition of the channel matrix
E{Dn}.

{(Step 3)

The recelver 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 matrixz H{Up) in the reverse
direction, or on the uplink, 1s 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 (2))}. Then, at the transmitter,
the weights V(Dn) for transmitting data on the downlink can be
obtained by singular wvalue d@compqsition of H{Up).

(Step 3)
The transmitter transmits downlink data to the receiver.

As the downlink data, user data welghtedby V{Dn) is transmitted,
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The receiver transmits a CTS packet in response to the 15 RTS packet.
At this time, the receiver transmits a reference signal preceding the CTS

acket. (Step 4) At the transmitter, a channel matrix H (Up) | rever
Wg)lrzeggf’i{(])?]g,s{’o? on the uplink, is derivegl from the reference ZOlLsglg}tﬁgFﬂ%gﬁl)&;?‘W

attached to the CTS packet. The uplink channel matrix is the transposed
matrix of the downlink channel matrix; that is, H(Up) =H(Dn)T (see
equation (9) ) . Then, at the transmitter, the weights V (Dn) for
T eraevHifih ged aaioT iecgowniini tandeddbtainéd by Simgular value
gsecomp sition of H(Up). 25 (Step 5) The transmitter transmits downlink
ataxo ?ﬁe receiver. As the downlink data, user data weightedby V (Dn) is

transmitfed,- W.Q :20051109802,RGL/IPZQ0500% 4 7= 35 follgwi N&3crence

reference signal weighted by V(Dn) (Step 6) The receiver can derive
s H(Dn) ViDnpfrbatithereferertersignat atteiched toithemdavenlinkr-datacdhes s
receiver receives 5 the downlink data, using the inverse matrix of

R CHID RS &s SRicRive isights Teee BHRERBNTBI itel-7 FWRHEY (D) 28

ré%%eii%\gv}gggq%nIi@e%atgqm&qﬁgivg) §Qaptively estimates
H(Dn)V(Dn), using an LMS algorithm, thus 10 executing calculation to

fetteye channel condition change. Channel condition change can be

followed by executing the following LMS algorithm, where e is an error

gganBﬂ fokeceliving the downlink data, the receiver
adaptively estimates H(Dn)V(Dn), using an IM3 algorithm, thus
executing calculation to feocllow channel condition change.

Channel condition change can be followed by executing the

following M3 algorithm, where e 1s an error signal for errors
in correspondence between the received data and signal points
in signal constellation, X is a2 transmit signal estimated by
decoding the received data, and W is an estimate value of
H{Dn;V(Dbn}.

W (on-+1)= 7 )+ X (m)e (1)

(Step_S)
AT the receiver, a mosit recent downlink channel matrix
H(Drn, new) is obtained by multiplving the estimate value of
H{Dn}V(Dn), adaptively estimated through the IMS algorithm, by
V (Dn) ",
{Step 9)
At the recelver, furthermore, U(Dn, new) 1s c¢btained by
singular value decomposition of the obtained channel matrix

H{Dn, new).
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in correspondence between the received data and signal points in signal
constellation, X is a transmit signal estimated by 15 decoding the received
data, and W is an estimate value of H(Dn)V(Dn). ‘ N
W\(l_flm%waﬁgqu(M)+Ax(m~ (11) (Stgp 8) Atthe receiver, a Mot racant 47
downlink channel matrix 20 H(Dn, new) is obtained by multiplying the
estimate value of H(Dn)V(Dn), adaptively estimated through the LMS
algorithm, by V(Dn)H. (Step 9) At the receiver, furthermore, U(Dn, new) is
obigimetMy 25 singular value decomposition of the obtained channel

matrime Dn, new). WO 2005/109805 PC /JPZOQ51007747 36 (Ste 10)
e e S e B G tor AL EAREHCae

aéisafdata weightad:by d {Dr).tis frangmitteds, following a reference signal,
weighted by U(Dn)* (see equation 5 (10)). (Step 11) The transmitter

fTolerivesmochanaékmatiixe frohgtied. reférgritedigralditached te@the aplinkon
]?r?ta. The transmitter calculates the inverse matrix of the derived channel

( &?ithi(, 10 and using this inverse matrix as receive weights, receives the
upligk user data while weighting the data with the receive weights.

The transmitier derives a channel matrix from the
reference signal attached to the uplink data. The transmitter
calculates the inverse mairix 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

weilights.

Industrial Bpplicability

Although having described in detail the present invention
with reference to it specific embodiment, it will now be
apparent to those skilled in the art that modifications and
alterations can bemade thereinwithout departing from the scope
of the gist of the invention.

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

or receiving end carries out special multiplexing and weighted



Industrial App irabili'v 15 Although having described in detail the present
invention with reference to its specific embodiment, it will now be
ngpf)%‘ge]n% tos those skilled in the art that modifications and al};?rxeﬁf%%%%%ﬂ
e MAHE Herein without departing frpm the scope of the gist'of the
invention. 20 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
tispaseidivision/ oetebé ‘exact sspatidyroehegonakbmultiplekimge L matrix
transmission schemes like the SVD-MIMO 25 scheme. The present
L3 rHiiGrRCar Buitably be applied to other types of communication
systems whare. eifher e t@noa%tﬁggrgﬁ recabyng codicartes,out.special +
multiplexing and weighted WO 2005/109805 PCT/JP2005/007747 37
idramstiissidnite ception ispedermets basethut channel matiposes and the
factorization. in other words, a preferred embodiment of the present
dgfentiohlivas beehthscIssed iorliffastative parpdseandtheanstrued to
; escription i dhis specification should nat he consitued.to limit the present
Invention. In interpreting the gist of the invention, appended claims should

ihegefarenceskand taken iIOmeopRisieratipgn. 387 EtMMSI 1aiiwitsless into
communication system which carries out data transmission, using
cemifipeSpatialy multiplexed communication
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5 channels between a transmitter and a receiver, wherein:
thetransmittertransmitsuserdata following a reference signal for channel
matrix acquisition, wherein the userdata and the reference signal are
weighted and transmitted over the spatially multiplexed channels; and 10
the receiver acquires a current channel matrix H based on the reference
signal attached preceding the user data, receives the user data, while
weighting the data with receive weightsderived from the channel matrix
H, and adaptively estimates an updated channel matrix H' as long as the
user data is being received based on information 15 from the current
channel matrix. 2. The wireless communication system according to claim

- 1AWherEirt Both SEitifdmitter B 88id receivérare EGuipped with
- Jnultinle i%%t,e r—-‘d”saﬁms%% fransmitter %‘9&9@5 frapsmit datato multiple. . . < o,
weig [

streams, ts the stréams, and transmits the weighted streams
chdremthe, transmit anteanas. and saichreceiverweights thesstseams

received by the receive antennas. 3. The wireless communication system

according teciaint i where i 25:said relesiverobtams tramsriitweights Whal

for transmitting user data in the reverse direction to said transmitter from

Eorirg Aeaptivelyt edfmated tiptlied RARNEIMAHR H 93922 “Fhe\RiT&iesEsc®

Sigc%rmg%@c‘ggg nh%)és&e%lg ce Qéglgrgitgtgglmv]é’rw r? elsnp_asgalgn{r %Ilﬂteirplexed

obtains transmit weights V for transmitting user data in the forward

~h:direction tg.said receiver beforehand, weights the reference signal and
the user data by V, and transmits the user 5 data following the reference

signal loverdheispatiallymiultiplexed rehannelsinnel matrix E based on the

fot

reference signal attached preceding the user data, receives the user
data, while weighting the data with receive weights derived from the
channel matrix H, and adaptively estimates an updated channel matrix
E’ as long as the user data 1s being received based on information

from the current channel matrix.

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

transmit antennas, and said receiver weights the streams received

by the recelive antennas.

3. The wireless communication system according to claim 1, wherein
said receiver obtalns transmit weights V/ for transmitting user data
in the reverse direction to salid transmitter from the adaptively

estimated updated channel matrix H'.
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5. The wireless communication system according to claim 4, wherein said
receiver derives HV as a channel matrix from the reference signal 10
weighted by V and continues to perf’ogrm adaptive 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,
4. predetermines weights M Jor data dransimission inithe kb reverse direglion: in
by obtaining H' by multiplying H'V by VF, V" being based on information
sa fromrtiesgurent chahagh matrixtdpandysisingalal Yatué decompasitionuser
~of atransposed matrix of H'. 6. Awirelesscommunication apparatus which
da R celvéd Hata tHiTsmitted 26 Foma Fansmittitg Bhd, Usig iditipre we=9nts
cnShAlall multiplexed: communicalion Ghanngls. SAWIEIESS. . . tne user
communication gpparatus comprising: a channel matrix acquisition unit
da thichh acQuixes @ eurent -chaangl mathixjodhedopnasd ditectionfrom saitke ¢
transmitting end; 25 a receiving section which receives user data
chararsiitted in the forward direction from, said transmitting end and
weights 40 the user data with receive weights derived from the acquired
channel matrix; a channel matrix adaptive estimation unit which
adaptively estimates an updated channel matrix H' during receptipn of the .
T S R A s e g e
sa £dethe estimation based.qniinformation from the-eurrent channehmatidyna
a reverse transmit weight determination unit which determines transmit
we igegights for traasmitting-userdatavincthetreverseadirectmredoigad ion of H'V
transmitting end, based on the adaptively estimated updated

as & channel matrix during the reception of the user data transmitted
in the forwarddirection fromsaid transmitter, and, when fransmnitting
user data in the reverse direction, following the reception of the
user data, predetermines waights V' for data transmission in the
reverse direction by obtaining H’ by multiplying H'V by V", V" being
based on information fromthe current channel matrix H, and by singular

value decompesition of a transposed matrix of H'.

6. Awirelesscommunicationapparatuswhichrecelvesdatatransmitted
from a transmitting end, using multiple spatially multiplesxed
communication channels, sald wireless communication apparatus
comprising:
a channel matrix acguisition unit which acguires a current
channel matrix in the forward direction from said transmitting end;
a recelving section which receives user data transmitted in

the forward direction freom sald transmitting end and weights
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10 channel matrix; and a transmitting section which weights user data with
the thus determined transmit Weighétg and transmits the user data in the
reverse direction to said transmitting end. 15 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
r heanetransmitied-aves the spatialyn 20 qaultiplexed channels: antrsaid-hannel
channel matrix acquisition unit acquires the current channel matrix H,
matiyased on the reference signal attached preceding the user data. 25 S.
The wireless communication apparatus a,ccoro_lin)? to claim 6, wherein:;
0

said fransfiitting BRA obtai s FahSmit Welghits \ fordt “wrinsitmg tser 1Y

es tqatg‘ tl Q st ha?nf%rgv cfgg egg rgﬁg?;g é? %g%(}ﬁ';l et b&&:rﬁb&% %ﬁ@b&% & s the user

reference signal and the user data by V, and tranSmits the user data
aadollowingtheeference-signakoves the cspatially saudtiplexad ebannels) § end,
said channel matrix acquisition unit derives HV as a channel matrix from
thehe tefererice: Signabweightéd tyaVisaid ehariel matigadaptivers L matrix;
estimation unit continues to perform adaptive estimation of H'V as a .
chanhel FHiatracdutiiy e reckBtion of e ter tata ranshiited i fiie ™7
crd20atd direction from. 10,sald transmiting et and.sald-eerse Haosmlt or
weight detefmination unit, when the
to said transmitting end, based on the adaptively estimated updated
channel matrix; and
a transmitting section which weights user data with the thus

determined transmit welghts and transmits the user data in the reverse

direction to sald transmitting end.

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

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

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

the user data.

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

sald transmitting end obtains transmit weights V for
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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 15 H' by
multiplying H'V by V", V" being based on information from the current
channel matrix H and by singular value decomposition of a transposed
matrix of H'. 9. A wireless communication method for receiving data

cratfansmitied 20 frormatransmittingrendavsingimatiiple:spadiadlyreceiver
multiplexed communication channels, said wireless communication

be fimethed deompising the:stépsaofcaceuirivg asawréhechannefatatrivvinthexnd
forward direction from said transmitting end; 25 receiving user data .

LrapgRdmited fn tRE forwardl divectii font "Saidtraisiiftfing et and "= - ="©

ngaglh;s the yser data ict: ég%%iyg,weights derived from the acquired
Sl:)acwzth"ann“é/l r%ngtrfxfp' Zeyfdgp':%vdy estimating an updated channel matrix H'

duringreceptihan.of the:user data transmjttegrintthe-forwasdidirgetiondranme 1
said transmitting end, the estimation based on information from the

ma ourrerdtrcharnel matre5: deterngining transimitweights:for transmitting
user data in the reverse direction to said transmitting end, based on the

adapfivefy %&ﬁﬁ&éﬁédﬁeﬁﬁﬁﬁé’ﬁmﬁﬁﬁ%é@ﬁin‘@rﬁ§elc8&f'alWi_iﬁs o
o218 s dctetined ransmil welghts pnd tiansmiting the,upet. Jala Inhe,

reverse ction to seﬁgaid%“ansmlttlng end. 10. A computer program
re&0ded.in acomputer readable-formy to peHfarm -aPrecessoNE eoMpPUer £rom

system for receiving data transmitted from
said transmitting end; and
sald reverse transmit weight determination unit, when the

apparatusistransmittinguserdatainthe reversedirection, following
the reception of the user data inthe forwarddirection, predetermines
weights V/ for data transmission in the reverse directionby obtaining
H by multiplying B’V by V¥, V° being based on information from the
current channel matrixz H and by singuiar 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:

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

receiving user data transmitted in the forward direction from
sald transmitting end and welghts the user data with receive weights

derived from the acgulired channel matrix;
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a transmitting end, using multiple spatially multiplexed 15 communication
channels, said computer program comprises the steps of: acquiring a
current channel matrix in the forward direction from said transmitting end;
adaptively estimating an updated channel matrix H' as long as 20 user
data transmitted in the forward direction from said transmitting end is
being received, the estimation based on information from the current
channelyaatrix while-weighting the data with receive weightsi ;derivethiring
from the acquired channel matrix; and determining transmit weights for
recgahsAitiigUuseidata i tiet 28rEVekse ditcetion t6Sad traRsaitihg endrom
‘based on the adaptively estimated updated channel matrix. .
said transmitting end, the estimation based on information from the
current channel matrix;
determining transmit weights for transmitting user data in the
reverse direction to said transmitting end, based on the adaptively
estimated updated channel matrix;
welghting user data with the thus determined transmit weights

and transmitting the user data in the reverse direction to sald

transmitting end.

10. A computer program codsed in a computer readable form te perform
a process on a computer system for receiving data transmitted from
a transmitting end, using multiple spatially multipiexed
communication channels, sald computer program comprises the steps
of:

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

adaptivaly estimating an updated channel matrix H' as long as
user data transmitted in the forward direction from said transmitting
end 1s being recelived, the estimation based on information from the
current channel matrix, while weighting the data with receive welights
derived from the acguired channel matrix; and

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

estimated updated channel matrix.



