[ DESCRI PTION] [invention Title] METHOD FOR

TRANSM TTI NG SI GNALS FOR REDUCI NG FEEDBACK OVERHEAD
WOARMINETIAOD FOR TRANSM TTI NG FEEDBACK | NFORVATPONKR2M9/000336

THE SAME [ Technical Field] The present invention

relates to a nultiple-antenna wreless comuni cati on

system and nore particular]y, to a nmethod for

efficiently constructing a todebook subset to reduce

f eedback overhead for precoding, and a nethod for

[DEeanseirtbilg and recei ving signals using the sane.
[ Background Art] Wth the popul arization of

informati on co ni cati on services, the appearance of
[Tpapnsdermittifldi a services, and the provision of

hi gh-quality services, demand for a fast wreless

comMmTiH A IFOR SEYAN ML THaENG diGNALS PR aREUCING FEEDBACK

actively cope with such demand, first of all the

OVEFPRD tANDf METEODMFVE atRANSEYSTENGS MOWDBATK INFORMATION
i ncreased. To increase conmuni cation capacity in a

5 FoRMTHEl esgscommuni cati on

[Technical Field]

The present invention relates to a multiple-antenna

wireless communication system, and more particularly, to a
method for efficiently constructing a codebook subset to

10 reduce feedback overhead for precoding, and a method for

transmitting and receiving signals using the same.

[Background Art]

With the popularization of information communication

services, the appearance of various multimedia services,

15 and the provision of high-quality services, demand for a
fast wireless communication service has rapidly increased.

To actively cope with such demand, first of all the
capacity of a communication system should be increased. To
increase communication capacity in a wireless communication

20 environment, there can be considered a method for finding

new available frequency bands and a method for increasing
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environment, there can be considered a nethod for
finding new avail abl e frequency bands and a nethod for
wonemaasi7agef fi ci ency of restricted resources. PEF/KR2009/000336

the latter nethod, a multiple-input multiple-output

(M MO) technol ogy has recently attracted nuch

attention and has been actiyely devel oped. The M MO

technol ogy obtains a dlveréﬁty gai n by equi pping a

transmtting side and a receiving side with a
effplcdralct yodf astenhasetio adsibtrosal |y assute sphee Iatter

utilizing resources, or increases transm ssion

met®@RACId YmbYt i pR&shbEt Ngudat plieropapak! evmiMooughcifelogy
respective antennas . In brief, MMOrefers to a

has%%%%tq%%@tera@tém&ﬂ regcttérm%ﬂ SHOMA £aspLA ozmctlvely

data efficiency using nultiple transmt antennas and

dex)@i' egi g%ewﬁoar&te E%%S_L rg:f%tbet%qn%f %V%Eﬁe}g g‘i?éln by

ng one trans enha ‘and one F
an enna. a technol o utiilizin
et R eaaﬂf%ﬂﬁraét%n% BigR AN | ho eraE bPYg Site with a
receiving side of a MAreIess comuni cation systemto
plurddridase apdRFeynaf ithr ArsligerorltahcnSh& e ARAEEr , fOT

MM is referred to as "nultiple antenna (s)".
utilizing resources, or increases transmission capacity by

transmitting data in parallel through the respective
antennas.

In brief, MIMO refers to a method capable of
improving transmission/reception data efficiency wusing
multiple transmit antennas and multiple receive antennas,
instead of a conventional method employing one transmit
antenna and one receive antenna. That is, MIMO is a
technology utilizing multiple antennas in a transmitting
side or a receiving side of a wireless communication system
to increase capacity or improve performance. Hereinafter,
MIMO is referred to as “multiple antenna(s)”.

The multiple antenna technology is a technology for
restoring data by collecting pieces of data received
through several antennas, instead of depending on a single
antenna path, in order to receive one overall message. The
multiple antenna technology achieves an improvement in data

transmission rate at a specific range or an increase in a
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The mul tiple antenna technology is a technol ogy for
restoring data by collecting pieces of data received
wohowugdp7sever al ant ennas, instead of dependi NBCOKR2009/000336
single antenna path, in order to receive one overal
nmessage. The nultiple antenna technol ogy achi eves an
i nprovenent in data transm ssion rate at a specific
range or an increase in asysStemrange for a specific
data transm ssion rate. It is predicted that an
sysafefn ateange nid# | Pl Loant Binnadd e hincd rogyi s siomdrspensabl e
because next-generati on nobile conmuni cati on demands a

nuchthigheprdatiatbuansiassian ¢afecidan epnvamliconahtenna
nmobi | e conmuni cati on. Under such circunstances, the

tedﬂﬂ@&ﬂﬂ@é" ¢abi gpeheahngl %@éa‘u%ea rﬂ%é%—gfé}?élaéﬁ%h mobile

mobi | € "conmuni cation technol ogy whi ch can be w dely

corfiifl dcto%'@ éﬁd&og‘%ﬂ'cﬁa eddnal s an nission rate
t n ec

repeaters, 'S drawi n ion as a que to
over cone Ihn1ta ons J1rj1rmb| e conmmupi cati on

Ehaghi cHOTESPREPBASI ndi]PY % t S BURLED éQBanS|o%? eJi}latguCh

conmuni cation . Meanwhil e, anong, vari ous technol ogi es
Cl?QHmﬁqﬁﬂQﬁﬁmth?d%@%@S%QWWPQE$$%¥%%c?e9%m%%O%Ye1S a next-

currently being studied,
generation mobile communication technology which can be

widely applied to mobile communication terminals and
repeaters, and 1s drawing attention as a technique to
overcome limitations in mobile communication capacity,
which 1s dincreasingly limited due to expansion of data
communication.

Meanwhile, among various technologies for improving
transmission efficiency which are currently being studied,
the MIMO technology wusing multiple antennas in both a
transmitter and a receiver is most noteworthy as a method
of remarkably improving communication capacity and
transmission/reception performance without increasing
additional frequency allocation or power consumption.

FIG. 1 is a view illustrating a configuration of a
general MIMO communication system.

If the numbers of transmit and receive antennas are
simultaneously increased to Nr and Ng, respectively, a

theoretical channel transmission capacity is increased in



the M MO technol ogy using nultiple antennas in both a

transmtter and a receiver is nost notewrthy as a
worbiyad9os remar kably i nprovi ng conmuni cati on eapamr2009/000336

and transm ssion/reception performance w thout

i ncreasi ng additional frequency allocation or power

consunption. FIG 1 is a viﬁr/illustrating a

configuration of a general MO comuni cati on system

If the nunbers of transmit and receive antennas are
prapant tendoustye i moneas et tanidenmas, NRy1ikspebei veby, where

t heoretical channel transm ssion capacity is increased
onliynpredporetd on t orbhemhugber of ant ereasvainl ukest heultiple

case where only either a transmtter or a receiver

antis@sadul ti phecartigngag, AGCOrghNPlyisaibhans@esi Uhn  be
rate can be increased and i nfrequency efficiency can

iné¥é§§§9r&§Q1YﬂﬂH@éaG¥$ yTh%f%&@E%%k§ﬁi%%nrabg dfgmggéably

an I ncrease in a channel” transm ssi capacity can

5 imé%h éfticﬁﬁgyti %ﬁﬁ%%%éﬁlE%%g}ﬁgﬁgg%gigﬁ?igéggase in a

t1plying the oWwng rate
maxi mum.transm ssion rate Rq when using. one antenna.
ch? ti&ﬁafﬁmlSSlon capaé%ty can gbe theoretically

increased by a value obtained by multiplying the following
rate increase R; by a maximum transmission rate Ro when
using one antenna.

10 [Equation 1]

R=min(N, Np)

For example, a MIMO communication system using 4
transmit antennas and 4 receive antennas can theoretically
obtain 4 times the transmission rate of a single antenna

15 system.

Since an increase in the theoretical capacity of the
multiple antenna system was first demonstrated in the mid-
1990s, various techniques for substantially improving a
data transmission rate have been actively developed.

20 Several of these techniques have already been applied to a
variety of wireless communication standards such as the 3%
generation mobile communication and the next-generation
wireless local area network.

Research up to now related to multiple antenna
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For exanple, a M MO communi cation system using 4
transmt antennas and 4 receive antennas can
woOhewriatd7sal |y obtain 4 times the transm ssi onPCaKR2009/000336

a single antenna system Since an increase in the

theoretical capacity of the nultiple antenna system

was first denonstrated in tthe md- 1990s, various

techni ques for substantial 'y i nproving a data

transm ssion rate have been actively devel oped.
tecBavépglesf Haseseeerchntjued yharadalateatylhewangp@srasts,

to a variety of wireless communication standards such
incasdihRg Jakegandr alnon tnlibkeacasnunileationrahdtetieto the

next-generation wireless |local area network. Research

comE9t59169M’6§|ﬁh@@lee”Uéﬁtéﬁ@aaﬂkﬁﬂﬂ@h@ﬁhﬁ@hﬁgnﬁs'&&Eious
een actlvely conducted in many aspects, including

chahfagarld drtf §rg§ i qn theory,7&l abedsko dfifl ronments,

CO[TpUt at |1 on o t1 ple antenna comTunl cation in

resé%%lggﬁﬁ%hann%mjggflg n@@éﬁn@fd hQaQH%EhQB% ACHEES model

) researc into wireless

measur enent d nod t roduct f I ti
it RS CBysPEm® aR8LFSBLAr IS TR s paE@ et Bligragecarch

processi ng technol ogi es for ,
into space-time signal processing technologies for

improving transmission reliability and a transmission rate.

The multiple antenna technology includes a spatial
diversity scheme for increasing transmission reliability
using symbols passing through various channel paths and a
spatial multiplexing scheme for improving a transmission
rate by simultaneously transmitting a plurality of data
symbols using a plurality of transmit antennas. Recently,
research into a method of combining the above-described
schemes to take advantage of the respective schemes has
been carried out.

A description of the aforementioned schemes will now
be given in detail.

First, the spatial diversity scheme includes a space-
time block coding method, and a trellis coding method using
both a diversity gain and a coding gain. The trellis
coding is generally excellent in terms of the improvement

of a bit error rate and the degree of freedom in generating
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improving transmssion reliability and a transm ssion
rate. The nultiple antenna technol ogy includes a
wepeamitad7eli versity schene for increasing transRCSAR2N09/000336
reliability using synbols passing through various
channel paths and a spatial nultiplexing scheme for
inproving a transm ssion rate by sinultaneously
transmtting a plurality of data synbols using a
lurality of transmt antennas. Recently, research
codeft Wt nehRo@rerectibienity akhecadbve - desbridbéd sthgies in
to take advantage of the respective schenes has been
teryer roBd computAtdescri pfihenspbttihé afiorementy ogedn can be
schenmes will now be given in detail. First, the

obtspatddlugditeertsid ye:sodiaime=d ned siesd engpased |rﬂ@l’@i1913_kcatlon
coding nethod, and a trellis coding nethod using both

(N 2N D) V&fsﬂlﬁ%! g&h@e ng., B J}er&ae é}&éé el jS g Cod'g er

'S genera y exce Ient interns nprovenen
bit error gte and the degree of freedon1|n

Nz Sgnﬁ?g?ﬁﬁﬁcéa §UBE 't he space-time bl ock codi ng nethod

is sinmple in terms of conputation. The spatia
di vVEPSPRY: gaFRecamPdel abt anwbeipbexbng heSehemat transmits

corresponding to a nultiplication
different data streams through respective transmit antennas.

At this time, in a receiver, mutual interference may be
generated between data which is simultaneously transmitted
from a transmitter. Then the receiver eliminates the
interference using proper signal processing methods and
receives the data. The receiver used for eliminating the
interference includes a maximum likelihood receiver, a zero
forcing (ZF) receiver, a minimum means-squared errors
(MMSE) receiver, a diagonal Bell laboratories layered
space-time (D~BLAST) receiver, and a vertical Bell
laboratories layered space-time (V-BLAST) receiver.
Especially, if the transmitter could recognize channel
information, a singular value decomposition (SVD) method
may be used to eliminate the interference.

Third, a combination of the spatial diversity scheme
and the spatial multiplexing scheme may be used. If only
the spatial diversity gain is obtained, a performance

improvement gain caused by an increase in a diversity order



10

15

20

(N TxNR) of the nunber Nt of transmt antennas and the
nunber NR of receive antennas. Second, the spatia
woubwipdesi ng schenme transmits different data BCTAERIB09/000336
t hrough respective transmt antennas. At this tine,
in a receiver, mutual interference may be generated
bet ween data which is sinuL}aneoust transmtted from
atransmtter. Then the receiver elimnates the
i nterference using proper signal processing nethods
is anthdexkl yesatheatdatia. Tie selei vtBe usectifadr multiplexing
elimnating the interference includes a nmaxi mum

gaild keld hogig s eeeliyer tha zekankAiesien( ZMelriegeivMaly a&f a
m ni mum means-squared errors (MVBE) receiver, a

11@1%%%”%h§%‘1431| ahorptardfsd aye}-‘i@@oﬁﬁ’ﬁﬁ&ﬂ/' Mgtudies on a

BLAST) receiver, and a vertical Bell laboratories

met'hg;eerfgrse@g%'gﬁeuf %ﬁ%r’é%ﬁ%%ﬁé a%PegiI%Hf‘é/anécgusly

e transmitter “co reco NIrzé ¢C neI hf or na

oot e Tl T B 'eﬁa'e‘ﬁ% S g g%ﬂﬁyn%i%nr%?ultr
the spatial diversity schene and the s

RliSpISBaGHy Sictere e diserrsity o?ﬂi‘Wble STTD), and a

space-time bit interleaved coded modulation (STBICM) have
been used.

In the aforementioned multiple antenna system, the
transmitting side precodes transmission data and then
transmits the precoded data, and the receiving side
receives the data using a precoding matrix (or precoding
vector) used in the transmitting side.

Meanwhile, the precoding matrix for performing
precoding uses one of precoding matrixs which are specified
in the form of codebooks which is prescribed by both the
transmitting side and the receiving side. A transmission
mode of the transmitting side may be divided intoc an open-
loop transmission mode and a closed-loop transmission mode
according to whether the precoding matrix used by the
transmitting side demands feedback information from the
receiving side.

In the open-loop transmission mode, the transmitting

side transmits signals using a precoding matrix without
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the spatial diversity gain is obtained, a perfornmance
i nprovenent gain caused by an increase in a diversity
wonraerii®7gr adual |y saturated. |f only the spat Pai/Kr2009/000336
mul tiplexing gain is obtained, the transm ssion
reliability of a wireless channel is decreased.
Accordingly, studies on a WEthOd for solving theses
shortcom ngs and si nul taneously obtai ni ng those two
gai ns have been conducted. As a result, a double
us ispackeddiveck rianSominatth aer §rey (eoubbeeETIDY sidrd aln the
space-tine bit interleaved coded nodul ati on (STBI CM
cldwmup-hesn tisetdsmlfside aboeendoivietred raHd i pdecntennaide
system the transmtting side precodes transm ssion

inditA andat herctirarspiscddenpr ageded (dat anand bheviously

recei ving side receives the data using a precodi ng

sp{?%éi@%égﬁﬁﬁ%ﬁg%@ ”Qc%SEHﬁéb usgd 4 n the tyansmstyihag  py

, the precodrng matrix for performng

ecodi ses gne of. precoding matrixs ich are
e 11 P Th ¢ HE BT of chbg%%gao‘kjso%i ch®TE" presaPfbed e
by both the transmitting side and_the receivi si_de.
traisnifisih % siof Srodd BEMHE t SRR | Halgﬁ%etﬂgy pgedback
di vided into an openl oop
information.

The open-loop transmission mode and the closed-loop
transmission mode may have different requirements. However,
the open-loop transmission mode and the closed-loop
transmission mode do not have separate code subsets
according to transmission modes. Therefore, feedback
information of the receiving side in the closed-loop
transmission mode should use large amount of information in
order to indicate a precoding matrix used among the entire
precoding matrixes including the codebook and thus overhead

may be generated.

[Disclosurel

[Technical Probleml

An object of the present invention devised to solve
the problem lies in providing a method for reducing the
above-described feedback overhead by specifying separate
codebook subsets with respect to an open-loop transmission

mode and a close-loop transmission mode.
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transm ssion node and a cl osed-1oop transm ssi on node
according to whether the precoding matri x used by the
woremnsm478i ng si de demands feedback i nf or mat i oRCTKRIN09/000336
the receiving side. In the open-loop transm ssion
node, the transmtting side transmts signals using a
precoding matrix w thoutusiqg feedback information
fromthe receiving side. In the closed-|oop
transm ssi on node, however, the receiving side o
i ndf €&t e§C4eBpREI f SEPSEESOdITRE nHtgIBeqs)vanohgansmission
reviously specified codebooks according to a
mo eihg shgndet eymivedi agcbadinghdnethd rforemtstoigs of
etc., and the transmtting side transmts signals
theusitmgnisine sfsdedbackodiesf.or marhoes, Taeoopen- | GOPect of the
transm ssion node and the cl osed-1oop transm ssion
pre¥esge nByvbaveodi fdeFanidr equi 5eMBAL Sth&loWRVEI Lent N8iecs in
open-| oop transm ssion node and the cl osed-| oop

proi NSy S§i QR Hm4le gernpéfﬁfafeﬁ@fgag%gfﬁgﬁgmfugseééiebook

according to transm ssi on nodes ore, Teedbac

infor i;0 recej vi ide in the cl osed-I| oop., .
Subﬁ%&nsﬁ?égig%ﬁaogg%ghoﬁ?éxéﬁgs§é?aeI%ﬁ%%nﬁﬁb an “ePiting

co&e%%%%n@ﬂéglfi%ation.

[Technical Solution]

The object of the present invention can be achieved
by providing a method for transmitting signals, including:
selecting a prescribed precoding matrix from a codebook
which is predetermined between a transmitting side and a
receiving side; and performing precoding with respect to a
transmitting signal using the selected precoding matrix,
wherein the precoding matrix is selected from different
subsets of the codebook depending on whether the
transmitting side uses an open-loop transmission mode or a
closed-loop transmission mode.

If the transmitting side transmits signals using two
transmit antennas, the code book may use the following

table:

Codebook Number of Rank
Index 1 | 2
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order to indicate a precoding matri x used anong the
entire precoding matri xes including the codebook and
woho®/10998 head may be generated. [Di scl osure] PCT/KR2009/000336
[ Techni cal Problem An object of the present invention
devised to solve the problemlies in providing a
nmet hod for reducing the aboyge-descri bed feedback
over head by specifying separate codebook subsets wth
respect to an open-loop transm ssion node and a
cl oge-1 oqp transniggrin ngde. Thel bdﬁbook Subsets for

respective transmni sB mddes sh@ubd |pe det|er mi ned
accprding to cparagt |st|cs of’ gel%ransn1ssion

nmodes. THus, anoth bjth of t esent [i nvention
dev Sed to SC! th rabliam i as il nrn\/|r| ng a

met hod for eff C|e_%[iLselect|ng_E b debook subset
used for “each Lrangnm i on node }Womlan exi|ting
codgbook speC| I cal echnrcal Solution] The

obj pct of3 t he presﬁﬂﬁj nventi on can be achileved by
pr ovidimg—a nethod—for—transmtting—stgnats,
i ncl udi ng:

If the transmitting side wuses the <closed-loop
transmission mode, the transmitting side may not employ a
precoding matrix corresponding to index 0 for the number
of rank 2 case (hereinafter, rank-2) in the codebook. If
the transmitting side uses the open-loop transmission

mode, the performing of precoding may use a fixed one

precoding matrix, preferably, Loy,
V2101

If the transmitting side transmits signals using two
transmit antennas and uses the closed-loop transmission
mode, the precoding matrix used for precoding may be

selected from a subset shown in the following table:

Codebook Number of Rank
Index 1 2

1|1 111 1

° —E[J 2L 4}
1 lF 1}

2 -J
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selecting a prescribed precoding matrix froma
codebook which is predeterm ned between a transmtting
Wwei2em/1ayed3a recei ving side; and perforn ng preeodikR2009/000336
with respect to a transmtting signal using the
sel ected precoding matrix, wherein the precodi ng
matrix is selected fromdifferent subsets of the
codebook dependi ng on whether the transmitting side
uses an open-loop transm ssion node or a closed-I oo
trahdnm $dicon weResmitting t sdveni teseg sitde t rakssgdsloop
signals using two transmt antennas, the code book may
trarsenidwidol Imwag ttalsl emkthbhe foansoransmitside uskegnals
t he cl osed-1oop transm ssion node, the transmtting
masi derghgrnotoleppl 8y adquecoiidg iRidbacicorheéspanding for
to index O for the nunber of rank 2 case (hereinafter,

selatkirdd ikRet her£06@DRGK natfrithertbANSIAL t irBGSHd@ USESde,
the open-1oop transm Ssion node, the performng o

ndSERO0LIQ TRUGUESGR, LNELAE PSR TR Uy nice for
ra&ﬁjgugﬁésogéggfksfg%iggn&W?.

In another aspect of the present invention, provided
herein is a method for transmitting feedback information,
comprising: generating feedback information about a
prescribed precoding matrix to be used by a transmitting
side according to a receiving signal, from a codebook which
is predetermined between the transmitting side and a
receiving side; and transmitting the generated feedback
information about the precoding matrix to the transmitting
side, wherein the codebook 1is set to employ different
subsets for the cases when a closed-loop transmission mode
is used and when an open-loop transmission mode is used,
and wherein the feedback information about the precoding
matrix is set to indicate a specific precoding matrix
within the subset used for the closed-loop transmission
mode in the codebook.

If the transmitting side transmits signals using two
transmit antennas, the code book may use the following

table:



10

15

transmt antennas and uses the cl osed-1oop

transm ssi on node, the precoding matri x used for
wonremad9a1g may be sel ected from a subset shownPCI/KR2809/000336

following table:If the transmtting side uses the

cl osed-1 oop transm ssion node, the nethod for

transmtting signals may further conprise receiving

f eedback information for séV%cting t he precodi ng

matrix fromthe receiving side, wherein the feedback

I nf pr caddemokmay have t weabkt Suitgsr rank-2 and one bit

for|rankdéx. |Ijn anotlher agpect of 2he present
invention, provided h@reirn 1s a pgthod for
trapsm t i ng feedb@;qjinfornatiqg:oq npri si|ng:

3£

generating fccAbabh éqlu11af|6ﬁ Eu i1a prescri bed

precoding matrij x t used by a-ftrampsmttiing side
accprding tao a rec¥iviing signal , 2frdim a codebook which
i s predetern ned bgiFﬁen tlhe tra_éniﬂting dide and a
recei ving side| and2ptlansnittingltyhe’lgener at ed

f eefdback 1 nforjrati @1 apbout| the precoding matrix to the
trapsni t i ng sj de, jZéherei n the codebook is |set to
enproy dirfferent—subsets for—the—cases when a

cl osed-1 oop transm ssion node is used and when an

anéngﬂgléﬁ%gé{aﬁgghs%B%ntﬂggecigsggggbop transmission mode

may exclude a precoding matrix corresponding to index O

for rank-2 in the codebook.
The information about the precoding matrix may have
a two-bit length for rank-2 and a one-bit length for

rank-1.

[Advantageous Effects]

According to the embodiments of the present invention,
feedback overhead can be reduced by using different
codebook subsets depending on whether a transmitting side
employs an open-loop transmission mode or a closed-loop
transmission mode. And system performance can be improved
by using an optimized codebook subset for each transmission

mode.

[Description of Drawings]
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and wherein the feedback information about the

precoding matrix is set to indicate a specific
wonremad9a1g matri x within the subset used for tRET/KR2009/000336

cl osed-1oop transm ssion node in the codebook. If the

transmtting side transmts signals using two transmt

ant ennas, the code book may,4se the follow ng

tabl e: and the subset used for the cl osed-Ioop

transm ssi on node may exclude a precoding matrix

cor FeSpondFragrany ihdexdoabngsankwiRich téaee cptebbotied to

The i nformati on about the precoding matri x may have a

prowicichi t al enfiihtier r amideX sinchdi rane- hift | engt h f@¥ention,
rank-1 . [Advantageous Effects] According to the

illemsraditee ndsb@dimdree Pr esenthd endn©fon f 88dbaGyether with
overhead can be reduced by using different codebook

thesubsetsigependi 88-68 Wﬂ?tﬁﬁﬁﬂ%nh{aQ§%it%&ﬁﬂcébﬁé of the
enpl oys an open-loop transmssion node or a

inveh@sed- | oop transm ssion node. And system perfornmance
can be i nproved by using an optimn zed codebook subset

Forpgaghe tLansrmss!t on
FIG. 1 is a view illustrating a configuration of a
general MIMO communication system; and
FIG. 2 is a view explaining the concept of a method
of setting and using codebook subsets according to
transmission modes in accordance with an exemplary

embodiment of the present.

[Mode for Invention]

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to
the accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show
the only embodiments that can be implemented according to
the invention.

The following detailed description includes specific

details in order to provide a thorough understanding of the
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node . [Description of Draw ngs] The acconpanyi ng

drawi ngs, which are included to provide a further
wanawriztasndi ng of the invention, illustrate enbBOUKRNH00336

of the invention and together with the description

serve to explain the principle of the invention. In

the drawings : FIG 1l is a yjewillustrating a

configuration of a general ]I\A/Ii MO comuni cati on system

and FIG 2 is a view explaining the concept of a
Pregeriodinferieien ng HAWeuskng idodebbbkosubpeeseatcdrali tgose

to transm ssion nodes in accordance with an exenplary
skidiiscti dent the thet prgsent .tHabgecsent nierenheibn may be

Reference will now be made in detail to the exenplary

preaeftietidrenithaft tNecPrasem £i OVests onNs . exgid @ ofnstances,
which are illustrated in the acconpanyi ng draw ngs.

knolie shetadt@teseaatl Ridwhe Wi eh Wilil-They giyven helow,n in

with reference to the acconpanying draw ngs, 1Is

bl&éﬂ‘%%gﬁk&ﬁ fé?h?i%o%ﬁ%mwfﬂéh important features of the

structures and devices, so as not to obscure the concept of
the present invention. The same reference numbers will be
used throughout this specification to refer to the same or
like parts.

In accordance with one aspect of the present
invention, there is provided a method for reducing feedback
overhead by specifying separate codebook subsets according
to transmission modes, based on recognition that different
requirements are needed for an open-loop transmission mode
and a closed-loop transmission mode. To this end, a
description will be given to a method using separate
subsets of a codebook specified in a current 3*® generation
partnership project long term evolution (3GPP LTE) system.
However, the following description may be applied not only
to the 3GPP LTE system but to any systems in which a
transmitting side transmits signals using precoding and an
open-loop transmission mode or a closed-loop transmission
loop is selectively applicable.

The current 3GPP LTE system specifies a codebook for
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15

enbodi nents of the present invention, rather than to
show the only enbodi nents that can be inpl enented
waeemrid9arg to the invention. The foll ow ng det aCramR2009/000336
description includes specific details in order to
provi de a thorough understandi ng of thepresent
i nvention. However, it wll,be apparent to those
skilled in the art that the present invention may be
practiced w thout such specific details. In sone
twa rigtansed, adieanat r iktTresaantb beeees are onitted or
are shown in block diagramform focusing on inportant
features of the structurBsblndl devices, so as not to
obscure the concept of the present invention. The sane
ref er eag€odukbprs w I I nbeoarsed RarRughout tlhi s
speci fimakkon fo refer to the sanezor Tikel|parts. In
accordance wt oneﬁg:pect of thq (ﬁsent ilnventi on,

t here isOprovided a t hod for reg Wci|ng f eedback

overfread by specifyfHgSeparate gedgpook sybset s

according to transn{ésion nmodes, sbased on riecognition
t

t hat—e-tHereptrequrenents—are-n e\nr4 for—an

open- | oop transnissL) nmode and &' HOSed-Icop

trahsni ssion npde. vFollt hi s| end, &L "/

; o :

| ) .

5 —_ -
o

As indicated in Table 1, the 2-Tx codebook includes 6

vectors for rank-1 transmission and 3 matrixes for rank-2
transmission. Assuming that semi-static rank application
is performed, feedback overhead of 3 bits and feedback
overhead of two bits are necessary for rank-1 and rank-2,
respectively. The term ‘precoding vector’ refers to a
specific matrix in which the number of columns is 1 among
‘precoding matrixes’. Hereinafter the precoding vector
will be referred to as the precoding matrix unless such use
causes confusion.

However, some specific precoding matrixes in the
codebook indicated in Table 1 are not appropriate for

closed-loop transmission in terms of system operation. For
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description will be given to a nmethod using separate
subsets of a codebook specified in a current 3rd
wqgen®riatd7en partnershi p project |ong term evol BCTAR2009/000336

(3GPP LTE) system However, the follow ng description

may be applied not only to the 3GPP LTE system but to

any systens in which a transmtting side transmts

signal s using precoding and-%an open-| oop transm ssi on

node or a closed-loop transm ssion loop is selectively
exagpld,c altennEhecdwateinin IGERR ilxds Siat erargdpel) fegse@ially,

codebook fortwo transmt antennas (2-Tx) as follows

antEakle skiAs i e t&s Tahte s, mbheiZeEX cgodehnak 0 and

i ncl udes 6 vectors for rank-1 transm ssion and 3

ind®B rixes, fop fank- 2 4 ransakssi 09, cASSHUM Q@p‘i’gﬁtriatl? when

sem -static rank application i1s perforned, feedbac

imp(ive?nrer}lecae% .Of E3u ll'}esrr(’iaaﬂge ,fleaz gxgg gﬁgyggf%ae%'?%t&dﬁ%% Sécg Sindex

are necessary for rank- respe e
erm precodi ng, vector' refers to.,a specjfic matrix in

L SRR AHE aunbBicht 81 (ithe LENT L kHonis At Bcodify nOt b
matri xes' . Hereinafter the Erecoding vector will be

apprEaried® e T het i etSENh§tHalALELEnICesS divth Ykeld any

precoding gain in a closed-loop system. However, the
above-described identity matrix may provide a spatial
multiplexing gain in an open-loop system Dbecause the
identity matrix does not form beam patterns in a correlated
environment.

The present invention provides a method for reducing
feedback overhead by employing separate codebook subsets
according to transmission modes, based on recognition that
inappropriate precoding matrixes exist for each
transmission mode. In particular, since feedback
information is necessary only in a closed-loop transmission
mode, a description will be mainly given of the closed-loop
transmission mode.

A codebook proposed according to one embodiment of
the present invention based on the afore-stated description
is as follows.

Table 2

| Codebook | Number of Rank




10

15

causes confusi on. However, sone specific precoding

matri xes in the codebook indicated in Table 1 are not
wappoapyd7at e for cl osed-1 oop transm ssion i n t eCW&KR2009/000336

syst em operation. Forexanple, antenna sel ection

matri xes for rank-1, especially, antenna selection

matri xes such as matri xes index O and index 1 for

rank-1 in Table 1 are not appropriate when

i npl enented. Furthernore, a matrix corresponding to

i ndex Ihdear rank-2,1whichlis an identity matrix, may
not be appropfiatei hecause the indénfjty matri x does
not vyield any preﬁﬁ’ﬂng gpi n i n/Aocl psed- l|oop system
Ho\ m,ihcahmq ESCT T ped TdgRL iy matrji X may
provi de 1a spati al Iaiplexing gaj nyli n an ppen-1oop
system because th 2L j j t form beam
patiterns,in a cortbih ed enviroarfent present
i nvention proyi des2ajfret hpd for 2tkediici ng fleedback
over head by enpl oyijng |separate codebook supsets
accordihﬁ to frangm-ssi on| nodes, based on fecognition
t hat—appropriate precodi ng matri xes exi st for each
transm ssion node. In particular, since feedback

Compared with the codebook of Table 1, the codebook

of Table 2 does not include antenna selection matrixes
corresponding to index 0 and index 1 for rank-1 in Table 1,
which are not proper for wuse in both the open-loop
transmission mode and the closed-loop transmission mode.
In one embodiment of the present invention, however, an
identity matrix of index 0 for rank-2 in Table 2 is set to
be used only in the open-loop transmission mode. Namely,
in the open-loop transmission mode, a transmitting side may
fixedly use a matrix of index O for rank-2 in Table 2 as a
precoding matrix, without having feedback information from
a receiving side. Accordingly, a codebook subset used in

the closed-loop system may be expressed as follows.

Table 3
Codebook Number of Rank
Index 1 2
1|1 1j1 1
0 N 1] 5[1 -1]
11 lr 1]
: TEM 2l -
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information is necessary only in a closed-|oop

transm ssion node, a description will be mainly given
woR0mha9wB osed- | oop transni ssi on node. A codeb®0k/KR2009/000336

proposed according to one enbodi nent of the present

i nvention based on the afore-stated description is as

follows. Table 2 Codebook N#yber of RankConpared with

t he codebook of Table 1 , ttie codebook of Table 2 does

not include antenna sel ection matrixes correspondi ng

to | ndex 0 and|i ndex for| rank-1 in Table |1 , which

are| not proper|for @sg in |both the open-Iogp

t rapsmssion de t e [ctosed=toop tT=amgm ssi on

node. I n3one epboditent of| the present invention,

however —an—i-dent ity i i rank-2 in

Table 2 is set to be used only in the open-I| oop

transm ssion node. Nanely, in the open-I|oop

t r aR8nilssiieatedden alakpemshi t thag codéborky fubeatl yusee in

a matrix of index O for rank-2 in Table 2 as a
thepradeesidrgl amgd rs wstaem t ot udwyi fguf eecbackihafosatati kens for

froma receiving side. Accordingly, a codebook subset
rars€d dMd two precoding matrixes for rank-2. Therefore,

the receiving side requires feedback information of two
bits for rank-1 and feedback information of one bit for

rank-2. A matrix _LF ﬂ is used 1in the open-loop

J210 1
transmission mode as a fixed precoding matrix without
precoding index feedback.

The embodiment of the present invention may be
summarized as follows.

FIG. 2 is a view explaining the concept of a method
of setting and wusing codebook subsets according to
transmission modes in accordance with an exemplary
embodiment of the present invention.

Precoding matrixes which are not proper for use in
either the open-loop transmission mode or the closed-loop
transmission mode may be eliminated from a currently used
codebook shown in the left side of FIG. 2. In one
exemplary embodiment of the present invention, antenna

selection matrixes corresponding to index 0 and index 1 for
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the cl osed-1oop system may be expressed as foll ows.

Table 3A s indicated in Table 3 the codebook subset
wagew/liw78 he cl osed-|1 oop systemincl udes four PCE&RIDIP00336

matri xes for rank-1 and two precoding matrixes for

rank-2 . Therefore, the receiving side requires

feedback information of twodits for rank-1 and

feedback information of one bit for rank-2. A matrix

is used in the open-loop transm ssion node as a fixed
ranfrdeodtfig ekinaved hout® predelipal i HuexwhficddbachkecTheary

enbodi nent of the present invention may be summari zed
pregedigld omstrEkSs 2is eliinéwaexpl aini showhe tonddpt oight

a method of setting and using codebook subsets
sidecedt didgy tn transm ssion nodes in accordance with an

exenpl ary enbodi nent of the present invention.

Prepedehgrmatdines Wabehbrapeinet ROReS4{Rs YSe dikes for
ei ther the open-loop transm ssion node or 1he

oo, DSOS SO0 POUE D) LB T
the? Unkgc%g%ary precoding matrixes are eliminated, the
exemplary embodiment of the present invention proposes a
method of setting and wusing separate codebook subsets
according to the transmission modes. In FIG. 2, an
identity matrix corresponding to index 0 for rank-2 is used
as a fixed precoding matrix in the open-loop transmission
mode and the identity matrix is eliminated in the closed-
loop transmission mode. A receiving side in the closed-
loop transmission mode may express precoding matrixes
through feedback information of two bits for rank-1 and
feedback information of one bit for rank-2.

Meanwhile, in a multiple antenna system, layer refers
to different information transmitted simultaneously through
multiple antennas and rank refers to the number of
independent channels. More specifically, in a multiple
antenna system which transmits signals through a channel H
using Ny transmit antennas and Np receive antennas, the
following relationship is satisfied:

(number of layers) < Rank(H) £ min(Ng¢, Ng).



exenpl ary enbodi nent of the present invention, antenna
sel ection matri xes corresponding to index 0 and index

wa 20mrnextk-1 are elimnated. A codebook in whi BaT/KR2009/000336

unnecessary precoding nmatri xes are elimnated is shown

in the right side of FIG 2 . However, since

i nappropriate precodi ng matg4 xes’ for each transm ssion
node exi st even in the codebook in which the

unnecessary precoding matrixes are elimnated, the
exelprargrenbdli neat asswhedprekent theenimpepr opbsesank
a nethod of setting and using separate codebook

comgsgeirgisactor thag numkiche ¢f ahapgessi dm Maese kn AdBlL 3,

, an identity matrix corresponding to index O for

and @G.2 2 s uged msnsed | ¥edrgnrcodi mgomat Riarid T8le 3 may

be

open-1oop transm ssion node and the identity matrix is
ehiaHgaat e ithd henHased oop, dransy &si pi gode. A
receiving side in the closedl oop transm ssion node nay
express precoding matri tdrpugh feedback
information of two bits for rank-1 and feedback

i nf ;Eaééqplgf ofe bqﬁmég r“r§ 2—Meanwhhl e, in a
mul i pre° aptenpa SySEE T el V%F%#% to—different
i nf prratoi—t+ansr-thed sh-tanedusky—thrgugh
0 11 11 0}
2|1 210 1
1 i 3 4
21-1 2[1 -1
5 _1~{1} 1{1 IJ
20J 21J -Jj
NED
2|-J

Table 5
Codebook Number of layers v
Index 1 2
0 1 [1] 111
V21 2[1 -1
] J_F ] 111
V2 [-1] 2|j -J
1 [1]
2 —_—
JEL_
11 ]
3 -
JE[—J_

Table 4 and Table 5 correspond to Table 2 and Table 3,

respectively.

In the above-described embodiment, while the amount

of feedback information for rank-2 is described as being

decreased to one bit from two bits, the amount of feedback
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mul ti ple antennas and rank refers to the nunber of
i ndependent channels. Mre specifically, in a nultiple
wanv@m7syst em whi ch transmts signals througRC®KR2009/000336
channel H using NT transmt antennas and NR receive
antennas, the followng relationship is satisfied:
(nunber of layers) Rank(H),, mn(N T, NR).However, it
i s assumed that the nunber Of rank corresponds to the
nunber of layers in Table 2 , Table 3 and FIG 2 . The
infounmaericof rsandesnrdabyet2earshmkabfer 3epay berdhangedrding
to the nunber of layers as follows. Table 4 Table 5
to Tableydand Tabh ethicor egsppnhisxiiabl endoaritherabl £3 the
, respectively. In the above-descri bed enbodi nent,

predinke theyanmpush obrbpedeack 4 nfaeembion Sfror ¢ AnksRi £ €ing
descri bed as being decreased to one bit fromtwo bits,

addH'%%o unty % Erﬁ&ﬁ?@r‘fk' ! _%gat LR S deékra@a%hté“e while

or eac rankKk accor | ng to a SySt em
anotl odi ment I nvention
mai g anseds o S BF RSPt Eing “SaRAT o oA Lon for

information u5|ng nunber _ of cases mhlle
rank-2 at two bits. The additional 'information may include

column swapping version information of index 0 and index 1,
strong stream indicator, etc.

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it 1s intended that the
present invention cover the modifications and variations of
this invention provided they come within the scope of the

appended claims and their equivalents.

[Industrial Applicability]

The signal transmitting method and the feedback
information transmitting method according to the exemplary
embodiments of the present invention can reduce feedback
information overhead using specified codebook subsets for
respective transmission modes and can perform optimized
precoding according to the transmission modes. It is

apparent that the above method may be applied not only to a



mai ntai ni ng the nunber of bits of feedback information
for rank-2 at two bits. The additional information may
wonedoude7aol urm swappi ng version i nfornmati on oPCTmIRHND00336

and index 1 , strong streamindicator, etc. It wll be
apparent to those skilled in the art that various

nodi fications and variations can be made in the

present invention w thout a%parting fromthe spirit or
scope of the invention. Thus, it is intended that the

3GPPresgnt idwendhonbaaveraliste nodi fiseat i anslahdle antenna

variations of this invention provided they cone within

comh€i 8£0PEN Ofs yisherappesndedi ehaivie aggehhebép transmission
equi val ents. "[industrial Applicability] The signa

mod% rapgn it @Ldgeetcﬂq_gx%ﬁ %‘?ST&:@@QZP@& Kb QE OE%t i@l ectively
ransm tting net ccording to the exenplary
nbodi ments _of t.he prese |nvent|o c d
appf%% ngk P o vet égHaUSYHQQ%pgglpg §% S9SE Sk Py
subsets for spective transm ssi on nodes and can
thep%ﬁ?@rﬁféﬁ?ﬁﬁi?ed precodi ng according to the
transm ssion nodes. It is apparent that the above
nmet hod nmay be applied not only to a3GPP LTE system but
also to any nmul tiple antenna



comuni cation systens to which the open-1I oop
transm ssi on node and the cl osed-1oop transm ssion
wonow/1avse3sel ectively applicable in a nultipl ePamkRIo®/000336
system usi ng precodi ng by the sane principle.[ CLAl M5]
[GQaiml| ] Anmethod for transmtting signals, the
nmet hod conpri si ng: selecti?ﬁ a prescribed precoding
matri x froma codebook whi is predeterm ned between
atransmtting side and a receiving side; and
[cernioy m ng precoding with respect to a transmtting
signal using the selected precoding matri x, wherein

t he precoding matrix is selected.fronLdifferen%
[Clietl & TRE COALBE0KE FabURET h on RGIHEr ( Fae methed
transmtting side uses an open-|loop transm ssion node
compriaioboesed-1oop transm ssion node. [Claim2 ] The
nmet hod according to claim1l , wherein the code book
useselder f1od | owi ngpreahirdbed Wrereddbing ansattrikng fgiote a
transmts signals using two transmt antennas .[C aim
5 coddbbokn@hiehhad aeeQiticithihedChaitien aMi®fgignitteing side
and a receiving side; and
performing precoding with respect to a transmitting
signal using the selected precoding matrix,
wherein the precoding matrix is selected from
10 different subsets of the codebook depending on whether the

transmitting side uses an open-loop transmission mode or a

closed-loop transmission mode.

[claim 2] The method according to claim 1, wherein the

code book uses the following table:

Codebook Number of Rank
Index 1 2
11 111 0
0 il E[o 1]

. 5§E4} %{1-3}
: 5] i

s | #
V2 |-j
15 , when the transmitting side transmits signals using

two transmit antennas.



transmtting side does not enploy a precoding matrix

correspondi ng to codebook index O for the nunber of
woamlo/12990ase i n t he codebook, when the transm PCTAKR2009/000336

si de uses the cl osed-1oop transm ssion node. [Claim4

] The method according to claim2 , wherein said

perform ng precodi ng uses ? fi xed one precodi ng

matri x, when the transmtt %g si de uses the open-I|oop

transm ssion node. [Caim5 ] The nmethod according to
[c1di@l M} Thuhereinbd hectbxed nenet or ededinng2 patwHerdin . the

[Caimb] The nethod according to claiml , wherein

t he. precadi n us fo ' ec j i :
crablF LEER0T S0P LR UoR0:  Chrgtbd PROCOILRGALRG matrix

when the tr sn1t i.n |de tra ts nal s S|n t
COrffaneRPt"dnt ﬁﬁ% % %ségdﬁﬁeqiﬁ%%ﬁd%k% fuloed "It %@nk

transn1SS|on node. [Claim7 he net hod accord

n
2 celsg Ml theyrqarebdapr FERRY: th%e%?épﬁ&lﬁéé@@ac ge uses

information for said selecting the precoding matrix
thef coasehe lpepeitviamgmsl gl © ¢ he

[claim 4] The method according to claim 2, wherein said

performing precoding uses a fixed one precoding matrix,
when the transmitting side uses the open-loop

5 transmission mode.

[claim 5] The method according to claim 4, wherein the

fixed one precoding matrix is _L|! 0],
2101
[claim 6] The method according to claim 1, wherein the

precoding matrix used for said precoding is selected from

10 a subset shown in the following table:

Codebook Number of Rank
Index 1 2
1141 1|11 1
O —_— —_
2 J 2L 4]
1|1 11 1
: '—2[-1} 2[1‘ -j]
1
2 L }
20J
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transmtting side uses the closed-loop transm ssion
node, wherein the feedback information has two bits
woOemgtihod7er t he nunber of rank 2 case and one BCT/KR2009/000336

| ength for the nunmber of rank 1 case. [Caim8 ] A
met hod for transmtting feedback information, the
nmet hod conpri sing: generating feedback information
about a prescribed precoding natrix to be used by a
transmtting side according to a receiving signal,
f r omwh egndemOokr whswht ESnpr edeice tmanadides vekena hg using
transmtting side and a receiving side; and

twot r ansghbhing thatgamematedwkbedbmm@irﬁthaatiohoabduﬂOOp
the precoding matrix to the transmtting side, wherein

rrahbgis99s8honkdes set to enploy different subsets for
t he cases when a cl osed-1oop transm ssion nodei s used

and when an open-1loop transni ssion node is used, and
wherein the feedback information about the precoding

matrix i s _set t qjglcate a s eci fic precodi ng matrix,
%ﬁ¥%|ﬁ t RBSsuFs 3?1 eda?%?r?h gclgged lalm g, il her
transm ssion
comprising:
receiving feedback information for said selecting
the precoding matrix from the receiving side, when the
transmitting side uses the closed-loop transmission mode,
wherein the feedback information has two bits length

for the number of rank 2 case and one bit length for the

number of rank 1 case.

[claim 8] A method for transmitting feedback information,

the method comprising:

generating feedback information about a prescribed
precoding matrix to be wused by a transmitting side
according to a receiving signal, from a codebook which is
predetermined between the transmitting side and a receiving
side; and

transmitting the generated feedback information about
the precoding matrix to the transmitting side,

wherein the codebook is set to employ different

subsets for the cases when a closed-loop transmission mode



10

node in the codebook. [Claim9] The nethod according
to claim8 , wherein the code book uses the foll ow ng
woamla19973when the transmtting side transmn tsPETMHR2D®/000336

using two transmt antennas. [Claimlq] The nethod
according to claim9 , wherein the subset used for the
cl osed-| oop transm ssi on H%Qe excl udes a precoding
matri x corresponding to index O for the nunber of
2 case in the codebook. [Claim 11] The nethod

is aeedr @iy wben| anm dfsnvierei hraeshaedbavk masfeor hat Lerd,
about the precoding matrix has a two-bit |length for

andt he nunber of rank 2 case and a onebit length for the
nunber of rank 1 case.

wherein the feedback information about the precoding

r ank

matrix is set to indicate a specific precoding matrix

within the subset used for the closed-loop transmission
mode in the codebook.

[claim 9] The method according to claim 8, wherein the

code book uses the following table:

Codebook Number of Rank

Index 1 2
0 111 111 0
V21 J2[0 1

1 P 2 4
1

1 U
3 TE[I— j]

when the transmitting side transmits signals using

N
=
——
.
N

4

two transmit antennas.

[claim 10] The method according to claim 9, wherein

the subset used for the closed-loop transmission mode

excludes a precoding matrix corresponding to index 0 for

the number of rank 2 case in the codebook.

[Claim 11] The method according to claim 10, wherein
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the feedback information about the precoding matrix has a
two-bit length for the number of rank 2 case and a one-

bit length for the number of rank 1 case.



