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" [DESCRIPTION]
[Invention Titlel

LAYER MAPPING METHOD AND DATA TRANSMISSION METHOD

FOR MIMO SYSTEM

[Technical Field]

The present invention 'relates to a Multi-Input

.Multi—Output (MIMO)  communication system, and more

particularly to a method for displaying‘ a combination
between a codeword. and a layer in a MIMO communication

system, a layer mapping method and a data transmission

method using the same.

[Background Artl

A conventional MIMO technology will hereihafter-be

described in detail.

'In brief, the MIMO technology is an abbreviation of

';the‘,Mu;ti~Input; Multi—Output technology. - THeU.MIMO‘
.teehnolegyiuees:&uiﬁipie txensmissioh_jix) éhteﬁﬁaé and
.multlple. receptlon f.(RxS anﬁenﬁeS“ ﬁe‘ imérOQef the_'l

efeff1c1ency of Tx/Rx data, whereas a. conﬁentlonal art hes;

‘generally used a 51ng1e transm1881on (Tx) antenna and aﬁ

*”Q31ngle reertlon KRX) antenna.: In other words, the MIMog
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technology allows a transmitter or receiver of a wireless

communication . gystem to use - multiple

antennas
(hereinafter referred to as a multi-antenna), so thét the
capacity . or pérformance can be improved. " For the

convenience of description, the term “MIMO” can also be

considered to be a multi-antenna techrology.
In wore detail, the MIMO technology is not

dependent on a singlé antenna péth to receive a single

‘total wmessage, collects a plurality of data pieces

received via several antennas, and completes total data.

As a result, the MIMO technology - can _inérease a data

transmission rate at a give channel condition, or can

increase a @ system performance at a. specific data

transmission rate.

.The next—generatiOn mbbile commuhication technalbgy-

.requlres a data transm1551on rate hlgher than that of a .
conventlonal moblle communlcatlon technology, S0 that it
is .expected"that the effgctive ~MIMO. technologyA ig

requisite for ‘the next-generation -mobile".communicatiéﬁ'

tedhnology. Under this situatién,‘thé MIMO éommunicatibh

.technology' is the next generatlon moblle communlcatlon

technolo;yffftéééblé‘;iéf;f belng applled to?u.mobale-

and LT teey extendﬁ

> tatlonsﬁ
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overqome the limited amount of transfer data' of other
mobile communication systems due to a variety of limited
situations.

Afnong a variety of tgachnologies capable of

improving the transmission efficiéncy of data, the MIMO

technology can greatly increase an - amount of

communication capacity and Tx/Rx performances without

allocating additional fregquencies or increasing an

~additional power. Due to these technical advantages, most

companies or developers have intensively paid attention

to this MIMO t.:echnology.l

FIG 1 dis  a Block diagram illustrating a
conventional M’IMO 'comm'unication g?stém.

.'R.efetr:ing' tok FIG. 1, 1f . '.che“. nﬁ{nbe‘r of ‘tfansxﬁissi.on

(Tx) antennas increases to Ny, -and at the. same time. the

‘number of reception (Rx) antennas increases to N, a -

E,he‘orét‘ical channel capaci't-‘y' of  the -MIMO cotrimu:ii.'c‘:av’g‘:i'on

" system increases in proportion- to the number of antennas,
"so that ‘a transmission rate and 'a frequency efficiency

can greatly increase.

In this case, the transmission rate acquired by the

increasing channel -  Capacity 'l is ' ‘eqtal . to’. . ‘the’

‘multiplication: of 4 - maximum  transmission .rate (Ro)
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increment (Ri), and can theoretically inerease. The rate
increment (Ri) cam be represented Dby the following
equation 1:
5 [(Equation 1]

For ,example,. prqﬁided that the “MIMO systenl usges
four T antenhe'and four Rx aneennae, this MIMO systeml
10 can theoretlcally acqulre a.hlgh transmission rate which
'1slfour times.higher than that of a‘single.antenna system,
After the .abQVe—ﬁentiened theqretical ‘capecity
increeselof4the MIMO,system has been demoﬁstrated in‘the
mid—iéSOe,"meﬁyiedeveiqpere‘:are.'ceﬁdgCtiné intensive’"
15 :researéh 'intb -a‘ variety ”of technélogiesa.Which censf
substantlally 1ncrease a data transm1881on'raee u81ng the
theoretlcal o::apaclty'~ 1ncrease Some of then1 have 'been.
reflected : in a | var;ety - of wigeless‘ ‘communicetion
'standards, fg?’  e#aﬁble,' ‘e <thiréégeqere€ion' ﬁbbiie'
20 - eemmuniCation'er a‘nextégeneratibn wifeleésniAN’ eﬁc;“‘ |

A varlety of MIMO a33001ated technologles have been<

'lenten51vely researched by nmnyhcompanles or develepers,j

for, Jexample; . research

A;Q§Qﬁ“:1nformatlon theory:f'“'“
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associated with a'MIMO communication capacity calculation
under various channel environments or'~multiple access

environments, regearch into a wireless  channel

measurement and modeling of the MIMO system, and research

into a Space~time'signal processing teehnology¢
The above-mentioned MIMO technology «cah be’

¢lassified into two types: a spatial diversity scheme and

a spatial multiplexing scheme. The spetial diversity

scheme increases transmission reliability wusing symbols
passing various channel paths. The spatial mhltipleking

schene “simulteneOusly transmits a plurality of data -

‘symbols via 'a pluraiity &f Tx ‘antennas, =so that it

-increasee a tfansmission rate of data. In addition, the

comblnatlon of the spatialVldiversity,'eeheme and = the

spatlal .multlplex1ng scheme ﬁésf alSO'iﬁeee Areceﬁtky
kieveloped to pr@perly- acqulre unlque advantages of 'the
two schemes.- | ‘

| .Detaile oﬁ ethe‘ Spatiel aiversity ‘séheme, the

spatial multipiexing,scheﬁe,,and'the'cémbinatien thereof -

‘fwilijﬁereineﬁter‘be deecribed.

Flrstly,u 'the" spatlal ' dlver31ty , éehemé? Qill

ﬂ;herelnafter' be descrlbed .By and 1arge,A the spatlal-

Ku

‘ldlvers1ty scheme 1s lelded 1nt"t”o;types"a space tlmej
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which can simultaneously uses a diversity gain and a
coding gain. Generally, a bit error ratio (BER)

improvement performance and a code-generation degree of

freedom of the epace—time: Trellis cdde scheme are

. superior to those of the Space%time block code scheme,

whereas the calculation complexity of the spaée—time

-bloek<eode scheme is higher than that of the space—time -

Trellis code scheme.

The abdve~mentioned | spatidl diversity  gain
corresponds to the product or multiplication of the
number (Ny) of Tx antennas and the number (Nz) of Rx
antennas, as denoted by Np x Ngr

Secondly;‘ the e?atial multiplexing sqheme will
hereinefter be desqribede The epatial ﬁultipiexdng scheme
is adapted Q'.transmit‘ different'.data detreame“vie

1nd1v1dual Tx antennas.,. in this - eaée; a receiver way

unav01dably generate mutual ihterference betWéen .data.

pleces 51mu1taneously transmltted from a transmltter The

recelver 'removes- thls mutual 1nterference from the

recelved data u31ng a proper 81gnal proce831ng technlque,

so - that it Can 'recelve the de51red data haV1ng .no

;gIn order to rem0ve n01se or lnterference

PCT/KR2008/000074
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"Brror) receiver, a D-BLAST, or a V-BLAST maﬁf be used.
Specifically, if a transmltter can recognize channel
information, a Singular Value Decomposition (SVD) scheme
may be used to remov,e'Athe interf_‘erence perfectlYf
Thirdly, the combination of the .spat‘ial.diversity
scheme .and the gpatial" multif;lexing scheme  will
hereinafter be described. ‘Prm‘zided‘ that .only a sbatial

diversity gain is acquired; the performance-improvement

'gain is gradually saturated in proportion to an

increasing diversity order. As a result, a variety of
schemes capable of acquiring all the above-mentioned two

gains simultaneously while solving the above~ment‘ioned‘A‘

-préblems' have Dbeen. . intensively resea?:ched by many

companies or de{reiopers‘, for. eﬁiample, a double- STTD
scheme and a ,spa_c':e;t'i‘me B‘I‘C'M' (STBIC‘M) scheme

- A mathematical médeling» of a ‘commun‘;‘cation. method |

~for ‘u’lse ‘in  the above mentloned MIMO system. will

herelnafter be descrlbed in deta:Ll
F:Lrstly, ‘as can be seen from FIG 1 it is ajssutﬁed-"
that NT Tx antennas and NR Rx antennas exlst

In the~case of a transmlssa.on (Tx) 'sn.gnal a

"max1mum number of transm:.ss:.on 1nformatlon pleces is- NT. w

":under the COIldlthIl that NT Tx antennas are used so that"
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the Tx signal- éan. be represented by a speéific: vector

‘'shown in the following equation 2:

[Equaﬁion 2]
. s:{s,s' ., 8 ]T
: | {29202 > N

4The individual transmiésipn information pieces?(éh

82, ey sm74ﬁay héﬁe differeqt'txanSmission powefs. In‘:
‘this case, if .the individﬁél tiansmission powers are.
10 denéted‘ by (Pi, Pz, e ?m),’,trénsmission information
having an adjusted ér@ﬁsﬁigsion péWer can be represented

by a specific vector .shown in the following.equation 3:

4'tEquation 3] ‘ o - o -
5 [S 12922 "Sﬂr} ..[531.°r% 2 ,’Pj“""’f Ned

 In 1Eqﬁati¢n‘ 3, ﬁsi;§:<a‘ diagOna1‘ méﬁrix of a
- DR "" ‘;.Af- N : f | R ‘
tranémissiéﬁ Sp§Wef P,A S G?F befyrepﬁesehted"by the

' [Equatle 4]
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DDI | O 8, il
8= : : = Ps

-
..
* &

—id

L T

The information ;\rector S having an adjusted
transmission power is multiplied by a weight matrix (W),
,:s,o that Ng tran_smission '('.I'x) "s«ignals (xl, X2, - Xy) to be.

actually transmitted are conf:.gured . In. this "Ac.as.e,' ﬁﬁe
weight matrlx s adapted to _properly distriblité "i'x
information to iﬁdividual a'nténnés. accordlng to &‘xQ
. ,chénnel 'sitdatioﬁé.~ The above mentloned Tx s:Lgnals ‘(xl,

Kz - xm) can be represented by the follow:mg equatlon 5

us:Lng the vector (x)

[Equation 5] .
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X= ’ = * : T : . =W3§
. o =W§=WPs
X] \'Vd \Vlz see WiNT S i
L X . n

In Equation 5, wi; is a weight between the i-th Tx

antenna and the j-th Tx information, and W is a matrix

indicating the weight wyy. The matrix W is called a
weight matrix or a precoding matrix.

The above-mentioned Tx signal (x) can be‘considered

in‘different'ways aCCOrding~tO‘tw0‘cases,'i e., a first

case 1n whlch the spat1a1 dlver31ty 1s used and. a secondv

"case 1n Wthh the spatlal mult1plex1ng 1s used

‘In the case of uS1ng ‘the spatlal multlplex1ng,f'

.dlfferent 8ignals are multlplexed and the multlplexed,

81gnals ware.Apransm;tted to - a .destlnathn,f'ﬁo’ that
elements of - the infofmatiqn"véctor' (&) haVe3 different .

Values, ' Otherwxse, in the case of uS1ng the spatlal

leErSlty, the same s1gnal 1s repeatedly transmltted v1a:

- @lement:;s-_ “of - the

channel paths,gz4§9;ﬂﬁthatA
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Needless to say, the combination of the spatial
multiplexing scheme and the spatial diversity schewme may

alsoc be considexed. In other words, the same signal is

transmitted via three Tx antennas according to the

spatial diversity scheme, and the remaining ‘signals are
spatially multiplexed and then transmitted to a
destination.

Next, if Ny Rx antennas are ueed,. Rx signals {vi, Vva.

-, vm) OFf individual antennas can be represented by a

specific vector (v) shown in the following eqnation 6:
[Equation 6]

If a channel modellng :Ls set up in ‘the MIMO
communlcatlon system, . 1nd1v1dual ' channels can jbe,“

dlstlngulshed from each other accordlng to Tx/Rx antenna' ‘

indexee A spe01flc channel from a Tx antenna (j) to. an.‘
Rx antenna (:L) is denoted by hlj I thlS case, it should -
:be noted that the flrst :Lndex of the channel hij 1ndlcates‘

,an Rx antenna : :Lndex and the second means a Tx antenna

S

PCT/KR2008/000074
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Several channels‘.ere eied‘ ﬁb,1 so _that they are.
‘displeyed in the form of a vectof or matrix; An exemplar§<
vector is asg follows.

- FIG. 2 shows channels from Ny Tx antennas to an Rx

5 .antenha (i) .

Referring to FIG. 2, the channels from the N; Tx
antennas to the Rx antenna (i) can be represented by the

foilowing equation 7:
10 ' [Equation 7]

I hwr]‘

If all channels from the.NT Tx ahtennas tocNR Rxf
antennas are denoted by the matrlx composed of Equatlon 7

15 the follow1ng equatlon 8 is acqulred

:[Equation.B]‘
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.- » *
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'E‘ . DRR :

| 1 T '“'# V .
by | | Bvg By o

An Additive White Gaussian Noise (AWGN) is added to

an actual channel which has passea the chanhel matrix H

5 shewn in Equatien 8. The AWGN" (nl,‘ﬁz, m, nm) added to
,each of NR Rx antennas -can be represented by a spe01f1c

_vector shown 1n the follow1ng equatlon 9;
[Equation 9]
'Il':’[f’f‘ Flovo o He ]T
0 ... . brrn2r. NG,

By the above mentloned modellng nethod of the Tx

51gnal Rx smgnal and channels 1nclud1ng AWGN each MIMO ;e'
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The above-mentioned description has disclosed that

the MIMO communication system is applied to a single user.

However, the MIMO communication system ‘may ‘also be

applled to several users, so that it can acqulre a mult1~

‘.user dlver31ty A detalled descrlptlon of ‘the multl user
dlver51ty w111 herelnafter be descrlbed

The; fadlng channel is ?" major "caugefl‘bf‘

PCT/KR2008/000074
14

[Equation’ 10]

— Y1 = — hy hyp ... Mg 9 = %1 o = Mo
Y2 hy, hy) . Ry X3 iy

y: (] = . . e : : + : ""H

' =Hx+n
Vi hy, hp  eew by X; n;

L Ing — — hNRJ hNRz hNRNT— ~— KNy~ LDy

deterioratlon }of .a performance of: a -'WirelessA

accordlng to tlme, frequenéy, and'space The lower the
4 channel galn value,‘ the ‘lower ,the'.performande{;‘ A
,representatlve method for 1solving 'the-‘above~mentioned

.jfadlng problem Ji; a dlvers1ty ' ThlS dlver91ty uses the 

fact that there«ls a low probablllty.that all 1ndependentf

.communlcatlan system. A channel galn value is changed
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methods can be applied ﬁc the‘present invention, and tlze
abOVe-menticned multi-user diversity is ccnsidetedv' to be
one of them.

If sevéral users are  present in a .cell, chahrlel
gain values of individual users are stochastical:ly
independent of each other, so that the probability that
all the users have low galn values is very low,. 'If a |
Node B has suffl01ent transm1531on (Tx) power and several
users are pfesent in a cell, it is .preferable At,hat‘.all
channels be allocated to a specific user haﬁring the

hlghest channel gain value to max1mlze .a total channel

capa01ty accord‘llng to the information theory. 'I‘he multl—

~user divergity can be classified into three _kinds Qf‘

diversities, i.e., a temporal multi-user diversity, a.
. . ’ -0 . Lt . :

“f-requency multi-user diveréity, and a 'spat;ial ‘multi-;user

4aivérsity;

The temporal multl -user dlversn.ty 1s adapted to

allocate a channel to a- spe01f1c ‘user hav:mg the h:.ghest :

galn value when a channel 31tuatlon changes w1th tlme

The frequency multl -user. leEI'Slty is adapted to:'

'.,.allocate a sub carrler(s) to a spec:Lf:Lc user hav:Lng the

gE ghes.t gaa.ni value 1n each. :Erequency' band :Ln a frequencyif

an: Orthogonal Frequency"r
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If a channel situation slowly cha‘nges'wi‘th time in-
another system Which .does not use the muiti—carrier, the

user having the = highest channel . gain value will

monopolize the channel for a long period of time, other

users are unable to communicate with each other. In this
case, in order to use the multi-user diversity, there is
a need to induce the channel to change.

Next, the .spatial multi-user diversity uses

" different channel gain values of users according to space

types. An irriplemen{:ation example of the spatial multi-

user diversity is a Random BeamForming (RBF) method. This -

RBF method - performg beamforming with a predetermin’ed‘

weight using .mﬁlt'ipie antennas (i.e., multi-antenna) to
induce :t:he: chang‘;e‘ of channel, and.' uses . the above-.
menticn'éd ~s§atiai mult‘i-csér diversicy. -

The mu1t1 -user- MIMO scheme whlch uses 'the multl—'

user . -d;Lve:t_:s:tty as  the multl~antenna ,S‘cheme w1111~.

hefeinafter be. des'cribed :'Ln detaiAl;

Accordlng to the mu1t1 ~user mult:L antenna scheme,‘-'

.the number of users and the number of antennas of each

‘user can be comb:med w:.th each other in various ways at
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'uplink method (i.e., a reverse-link method), and detailed

descriptions of the downlink and upiink methods will

hereinafter be described. In this case, the downlink

indicates that .a signal is transmitted from a Node-B to

.several‘ user equipments, (UEs), and the uplink indicates

that several UEs transmit a s1gnal to the Node B
. The downllnk in MIMO can be generally categorlzed3

into two kinds of. signal reception methods: The first

reception method enables a single aser (i.e., a single

UE) to receive a desired signal via a total of Np antennas,
and the second receptio‘n method enables each of the Ny UEs

to receive a- des:l.red S1gnal via a 51ng1e antenna ~If

;:equlred a comb:matlon of the first and second reception

methods may also be _made - avaJ.lable for the present'
1nventlon CIn other words, some UEs may use a s:.ngle R.x

tenna, or some other UEs may use three Rx antennas It

should be noted that a total number of Rx antennas 1n all

comblnat:.ons lS malntalned at NR This case 1s generally

called a MIMO Broadcast Channel (BC) or a Space DlVlSlon. R

Multlple Access (SDMA)

'I‘he upllnk in MIMO can be generally class:Lfled 1nto
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trensmission method enables each of the Ny UEs to transmit

.a desired signal via a single antenna. If iequired, a

.combination of the*first and second transmiSSion methods

may also be made avallable for ‘the present 1nventlon In’

other words, some UEs may use a single Tx antenna, or

.some other UEs may use three Tx antemnas. It should be

noted 'phet a total number ef‘ Tx antennas in ali

combinations is maintained at Ny. This case is generally

called a MIMO Multiple Access Channel (MAC).

The uplink and the downlink are symmetrical to each
other, so that a method for use in one of them may also

be used for the other one.

For the convenience of -description and ‘better

.uﬁdefstanding of' the present invehtion, although ,the

follow1ng descrlptlon w111 ba91cally descrlbe the MIMO BC,

Lt should be noted ‘that the method of the present

,;1nventlon be also used for the MIMO MAC.

FIG 3B 1s. a conceptual dlagram 111ustrat1ng ‘a
51ngle user MIMO communlcatlon system ' FIG. 3B 1s - a

conceptual dlagram 1llustret;pg a- multi~u$er ~_MIMQ

‘Acommunlcatlon system

Vfanvenlence of descrlptlen, FigSEj3Auéﬁd.$Bi~
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The single-user MIMO communication system shown in

FIG. 3A includes a transmitter (i.e., Node-B) equipped

‘with mwultiple antennas (i.e., multi-antenna) and a

N

receiver (i.e., UE) equipped with multiple antennas. In
this case, if a signal (%) to be transmitted fiom-the

transmitter is multiplied by a weight vector (W), and the

‘multiplied resultant signal is transmitted via the multi-

antenna, the present‘inventioh can acqguire a maximum of
channel capacity fion the assumptioﬁ ’ that channel
information has been correctly recognized.

-In the meantime; the’multi¥user MIMO communication

system shown in FIG. 3B inclﬁdes'a plurality of Multiple

Input Single Output (MISO) systems, each of which assigns .=

a single antenna to each user. ‘Therefofe,,the-nmiti~user‘

.can ‘maximize the channel ca@acity"usihg ‘a ‘transmission

~beamfofming.ih the same.manner as in the single-user MIMO .

communlcatlon system In this case, the multi-usef MIMO

communlcatlon system mmst con81der not only the channell

‘1nf0rmatlon but also 1nterference'of each~user,~so that

~1t requlres a more compllcated system than that of the

31ngle usex' MIMO communlcatlon system. ' Therefore, the

';multl user MIM@ COmmunlcat"on'system,must select a welghtﬂ
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‘Tﬁe ebo§e¥mentioned4desciiptibn‘can be numerically
described es‘follcws. |
Firstiy) the single-user envirenmentllei,e., the
‘single-user’ MIMO eommunication: system, will heréinaffer'
5 Dbe descfibed. | |

Provided that all transmission/receivers have fully
recognized ‘all channel information, a singular value
'decompositioﬁ {(svD) H can be represepted by the following
equation‘llz | | |

10

[Equation 111

H=UZV"

where “H” is a'eingﬁiar;valﬁé'decompééiiion;eU<andﬁf
fia “V7ls a‘unleafy matfix; 5 1; e'dlegonal metflx  “}
Inlthis'caee, 1n ordef to eequire a‘max1mum galn in
,the llgﬁt of channel capac1ty, the dlagonal matrlx V’ls
selected by the weight: matrlx VV and If{ is multlplled by

‘a reception signal (Y)}‘ If the resultant 31gnal of the“.”

30 veceiver is denoted by ‘3, ‘the’ following equatton: iz is. . i
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[Equation 12]

W=V
y=Hx+n=ULV'x+n=UL V¥ Ws+n=ULVFVi+n=Uns+n
v=Uy=U"Ug§+U"n= 2§ +H=0Ps+§

where P - is a trensmission powef maurix; The
5 transmisSion‘ power matrix P can be determined by .a
specific algoriuhm (well knowu as  a wéter—fiiliug
"algorithm) for acquiring the channel capacity. This
watef«filling algoriﬁhm is ‘an optimum wethod for
acquiring the channel caﬁacity. o
10 4 . .However,‘ in order . to perform ‘the water- fllllng'
'algorlthm all the Eransm1581on/feee1vers must complete1y57
{know all channel 1nformatlon.' Therefore,‘;n~erdernto<use‘
: the, weter~f1111ng | algorlthm .under ? Eue multl user
euvifoument 'each of all users must know not only hig orl
15 'her channel 1nformatlon but also channel 1nformatlon’ofﬂ
| other users, Due to thls problem, 1n fact .1t 1s-a1most '
‘1mposs1ble for the nmltl user MIMO communleatlon system“
'.;;to use the above~mentloned water fllllng algorlthm |

Next the multl user MIMO communlcatlon system w111:’]
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In this case, a representatlve optlmum method}for
acqulrlng the channel capac1ty is a Dirty Paper Codlng
{DPC) method but thlSv DPC method ‘has high complexlty.

Also, there are other optimum methods for‘use in the

present invention, for example, a Random BeamForming

(RBF) and a Zero Fo'rcing BeamForming (ZFBF). - The above-
mentioned RBF or ZFBF method may haVe a performance.

51m11ar to the optlmum performance acqulred by the DPC .

.method, if the number of usersu increadses in -the multi-

user environient.

In the meantime, a codeword for use in' the MIMO
communicat‘io'n system wili hereinafter be described.

A general commﬁnication system ;performs coding of

transmission information of a transmitter using a forward

error - correct'ion ‘code, 'endf": i':'ransmits _the - ‘coded .
:info‘rmation, 80 that an error experlenoed at a channell

.can be corrected by a recelver. 'The rece‘lver demodul-at'es N

a recelved (Rx) 31gnal and performs decodlng of forward,

error correctlon code on the demodulated sz.gnal so that.

lt recovers the transmlss1on J_nforma,tlon By the decod:.ng

,P;!COG&?S,,,; ,the . ‘Rx‘—s;gnel .er;;or 4;.cau.se_d by the c,hannel is;
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correction. - In other words, if a recépﬁion (Rx) siénal

'has an error exceeding the limitation of a corresponding

t

forward error correction code, a receiver is unable to
decode the Rx signal into information having no error.

Therefore, the receiver must determine the presence or

‘absence of an error in the decoded informétion. n this‘

way, a specialized coding process for performing error
detection is required, separately from the torward error

correction coding process. Generally, a Cyclic Redundancy

‘Check (CRC) code lhas been used as an erxroxr detéction code.

'The CRC method is an exemplary codiﬁg method for
,performing the error ‘detec‘tion. 3 Generally,. the

transm1881on 1nformatlon ig- coded by the CRC method, and

-then- the forward error correctlon code lS applled to the

CRC—coded information. A sungle unlt coded by the CRC a;r;d_
the forward error co:rrectlon code 1s generally called a.
codeword.r '

In the weantime, if several  transmission

. informationj Aunits: are '.overlap'p'éd‘ and ' then received, the

.pre'seht" .inVenti'on ~can expect performance. “improvement

' us:.ng an- 1nterference cancellat:t.on recelver There are

f-:lmany"“ cases "J.n the above mentloned case A1 n;gc-pzj‘sevéra‘li
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a case in,whioh a multi}ﬁser‘detection technology is ‘used,
and a case in which a nmlti-code technologv is used. A
‘brief desoription of - the interference-cancellation
structure will be as follovvs:, h

According to - the interference-cancellation
structure, efter First information is demodulated/decoded
“from he total | reception signal in which  several
information is overlapped ‘information"associated, with
the flrst information is removed from the total reception
signal.. A second signal is demOdula‘ted/ decoded by the
“resultant signal having no flrst 1nformatlon removed from
‘the E receptlon 51gnal : | A thlrd signal’ is
demodulated/decoded by the resultant signal having no
firstf and second— llnformatlon removed from ‘the flrst
‘reoeotioh signal. A fourth’51gnal or‘other 81gnal after"
the fourth 31gnal repeats the above~ment10ned processes,.
lso that the fourth or other 81gnal is demodulated/decodedr;
In thlS way, the above mentloned method for contlnuously;
'removlng,the>demodulated/decoded s1gnal from a receptlon»'
sxgnal to 1mprove a performance ']¢f - the next

demodulatlng/decodlng process"ie, called a ASuoceesive

PInterference Cancellatlon (SIC) method
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demodulated/decoded signal removed from the’ reception
signal mast have no error. If any error occurs in the

.demodulated/decoded signal, an error propagation occurs

" so that a negatlve :mfluence contlnuously affects all the

demodulated/decoded signals. .

The above-mentioned  interf erence  cancellation

.t_echnology can also be applied to the MIMO technology. If

several transmission information pPieces are

overlapped/transniitted via multiple antennas, the ebove'-

- mentioned interference cancellation technology is

required. In other words, if the spatial multiplexing

technology is wused, each trans‘mitthed' info"rmation' - is -
detected, and at the same  time  the 4.iﬁnterfe1jence
cancellation technology can. be used.

However, a‘s-, descri'bed above, in,or;der to .minim'ize‘

‘the error . propagatlon‘ .c'aiised by . the 1nterference

'cancellation, lt 1s preferable that the :Lnterference J.s»

\‘\

.selectlvely removed after determlnlng the presence orj'

.absence’ of an error. 1n‘th,e demodu»l'a-ted/decoded- S'ligl‘l@l‘. ; A

repr'esent‘a‘tisie method for . determin-ing the pre'seh’c'e or:

*absence of the error J.n each transmlss:Lon 1nformatlon 15'

; the above mentloned cyollc redundancy check (CRC) method

A“ unlt of " dlstlnctlve 1nfo,rmatlon processed by the CRC'~.‘




10

20

WO 2008/082277 PCT/KR2008/000074

26
representative method for using the  interference
cancellation technology is a specific case in’ Which:

several transmission information pieces and several

-codewords are used.

In the meantime, the number of rows and the number
of columns of a channel matrix H indicating a channel

condition is determinediby the number of Tx/Rx an{:ennas..

-In the channel matrlx H the number of rows is equal to

the number (NR) ‘of Rx antennas, and the number of columms

.is equal to the number (NT) of Tx antennas. Namely, the

channel matrix H is denoted by Nz x Ny matrix.

Generally, a matrix rank ‘is defined by a s,mallen_f

Vnumber ‘between the ‘;nurf'xber ‘of rpWs and thé nuthber of

columns, “in which the rows and the .columns = are

1ndependent of each other Thereﬁbre,, .the _mat‘r‘ix .ra,nk,

‘.cannot ‘be hlgher than the number of rows or colums. The
4rank of ‘the channel matrlx H can be represented by the '

. fo,llowing .equat;l'on; 13:

' [Equation 131
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Another definiﬁion ofzthe'aﬁoveementioned rank can
be defined by the.ﬁﬁmber of eigen values other than “O;A
when the matrix is eigen-valuerdeco@posed. Simiiérly, if

the rank is‘SVD~proceééed, the rank' may also be defined

'by the number of singular.‘values other than “O?.

Therefore, the physical meaning of the rank in the
channel matrix may be considered to be a maximum number

of transmission times of a given channel capable. of

"transmitting'different‘information.W

For the convenience of description, it is assumed

" that each of different infdrmatioq pieces transmitted via ..
V.thé MIMO technology is a transmission stream ox a stream.

“This stream wmay also be called a layer, - so that the."

nuﬁbér‘of,tranémiSSion streams cannot -be higher than the

'chénﬁel rank equal td:the.maximum'humberléfltraﬁsmissidgf
times of the channel- c'apablé of l:.‘r'ans-mitt':i‘.flg .' ~‘,d;'gf£ér‘et1‘& )

-information.

S If the channel watrix is H, this chapnellmatrixiﬂ

"égnlbe represented by the fo;lowihg equation 14:

- - [Equation 14] "
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where “# of streams” is indicative of the number of
streams. |

In the meahtime, it should be noted that e single
stream may be'transmitted viehonelor more antenhee,

A method for matching the etreaﬁ with the antenna
can be deecribed according to the MIMO technology types.

In the case whefe‘a single stream is thansmitted‘

via several antennas, this case may be considered to be

the spatial diversity scheme. In the case where several

streams are transmitted via several antennas, this case

may be con31dered to be the spat1al mult1p1ex1ng scheme

" Needless to say, a hybrid scheme between the spatlal
‘diversity scheme  and the spat;al,mult1plex1ng scheme may

,aléQJbe ﬁédelaveilahle.

-. The 'relatiohship betweenIAthe codeword' and;'the‘f

.stream;in~the'MIMO coﬁmﬁnicatioh.system.wiil he:e;ﬁaﬁter

be descrlbed 1n detall

',FiG. 4. ie a. block dlagram 111ustrat1ng theA

‘relatlonshlp between the codeword and the stream 1n the”

“MIMO communlcatlon system.

A varlety of methods for matchlng the codeword w1th=

Afthe stream are nmde avallable.uj ,A general nwthod from,;..;
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matchee the codeword received from the codeword-stream
mapping module with the stream(s), and transm‘its the
stream to the Stream-antenna mapping module so that the
stream is transmltted via the Tx antenna.’

A part for determlnlng ‘the comblnatlon between the‘
.codeword and the stream is denoted by a bold SOlld 11ne‘
in FIG. 4.

Ideall‘j, the relatlonshlp between the codeword and
the stream can be freely determined. A single codeword
may be dlv:Lded into several streame, so that ,the.divided
streams are transmitted to a destination Several
codewords are serlally 1ntegrated in one streem g0 t’hat«

thlS stream 1nclud1ng the codewords may be transmltted to

.a destlnatlon .

How‘ever, the above- mentloned serlal 1ntegrat10n of'
‘s"'e\fera'l codewords may be consrdered t:o be a klnd of

predeterm:med codlng process, - '~ebf ‘that; the . pr,e,s_en't-"f

) .1nv.e.nt10n assumes that a single ‘codeword is :matched with
'one .or more streams of a real meanlngful comblnatlon B

AHowever, prov:Lded that several Streams are - dlstlngulshed h

‘from each other w1thout departlng from the scope ‘or‘”,

;.splrlt of the present 1nvent1c>n, the present ;anentlon ) -

can also be app :Led to the dlstlngulshed streams
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fherefore} for the conveoience'of descfiption; ﬁhé,
presernt invention ‘aseumes that a siﬁgie 'codewoid is
‘matched With‘ one oOr more Streams. Therefore, if all
info:mation is ’coded aod'~ then transmitted. to a

5 destination, the following equation 15 can be acquired:

[Equation 15]

#of codewords <# of streams

10 where “# of codeworde” ig the number of codewords,
and “# of streams’ is the number of .streams.
In conclusion, the above-mentioned equations 13 to

15 can be repreSented by the foliOWiﬁg equation 16:

15 [Equatlon 16] o S

f codewords < # of sn*eams < rank(H) < tmn(N - ,A R) :
A'ABQ Equatlon 16,Ayt§é follow1ng factl can‘ beoe

irecogﬁized. 'In. other words, 1f the number of Tx/Rx_

'.ZO'Aantennas 1s llmlted, a maxlmum number of streams isg also;’

1lim1ted If the number of codewords 1s llmlted a mlnlmum;"
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limited, ﬁhe maximum number ef codewords ~of streéms‘ is..
1iﬁited, so thet the limited ﬁumber of .codewords can be
combined with the limited number of streams.

The ~ above-mentioned ‘combinatibn betwéen the
cedeword and the streaﬁ iserequired‘forjboth an upiink

and a downlink.

For example, it is assumed that the MIMO technoiogy

is applied to the downlink. In this case, a receiver mﬁst

correctly be informed of a eombinatibnAbefOrehand, which
is used for the above-mentioned information transmission

from among all‘combinations'betWeen the codeword and -the

;stream, so that the demodulating/decoding process of the

“information can be Correcﬁiy performed.v.

Also, if controi informatidn'is‘transmitted to- the”

upllnk T a preferred ombinatibn 'frém: améng_ various -

-comblnatlons between ‘the codeword'.éﬁ&f the stream muSt'~.

also be recognlzed by a recexver;; In more ﬁetailylin

order to implement the MIMO technologyl a transmitter
Tmust 'recognlze channel. and status ,lnformatlon of a
~receiver, ~so,Athat' the, feceiver4-must ‘notify ‘varlous,g

'control 1nformatlon via - the upllnk H;.*

For;example,'the recflver cons1ders a Varlety of
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a .codeword and a stream, a channel quallty 1nd1cator

(Co1). correspondlng to this preferred comblnatlon, and a
precoding matrlx index (PMI) ‘corresp'onding to the same.

Needless to say, the contents o.f-u detailed control

information ‘may be differentiy determined according to

the type of a 'used MIMO technology. (Hc5wever, the above-
mentioned fact in which the receiver must inform .the

uplink of the preferred corrtbination' betwee,n“ the codeword

‘and the stréam is unchangeable.

Foxr another examplle, if the MIMO technology is
applied to the wuplink, only a transmission. link is

changed to amother 1link differently from .the above-

‘mentioned example's description, and the remaining facts

o‘t:h'er than - the change of the transmiss.:i.oﬁ"link' are. equal

to thos.e- of the' above—mentioned‘A”exaxﬁple', so- that all
comblnatlon between a codeword and a stream, -a’ used

'comblnatlon, and a preferred comblnatlon must be notlfled'._‘.

If all the comblnatn.ons between the codeword and

' ‘the stream can be :Lndlcated by a. small number of bltS, -

contro’l _ 1nforma;t10n can ~be ‘more ejffeet-‘lvely transmlttedj

,'to‘ a.‘de.s'tinati'on. !I‘herefor‘e,- 'there"is needed a mei;hod for

\ation . "between | the’

’ nd the stream
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[Disclosurel”
[Technical Prébléﬁ]t

Accordingly, the bresent invention is directed to a
layer mapping method and a data transmiseion mefhod for‘a
5 MIMO system that substantially obviates one or more
problems due to 'limitations aﬁd dieadvaﬁeages of ‘the
‘relaEed'arr.
‘An ooject of the present inventioneis to provide a’
‘method for rationally 1imitin9 the number of combinations
10 between a codeword and a stream, and reducing the number of
bits of informaﬁion indicating the number of combinations.
Another.:object of “the preseﬁt invention is to o
provide a:nethod for limiﬁing Ehe:number of'combihatione
'between a codeword and a. stream onder a‘nmitl user MIMO:
15 Communication feystem/' reduo}ng _the - number of blts of:
iéformaéibhl"reQﬁired for iﬂindicaelng f-ther~'number'?Aof ;
,oombiqatioae;  and‘.providihélﬂaﬁ effeoeive4 GOmﬁgnicatron:
serrice; - |
' Yet another object of theAéresene 1nvent10nlls to
‘20 'provrde‘a data process1ng method for effectlvely d1v1d1ng a.

81ngle codeword. 1nto at least two layers when data 1sul

;t ansmltted v1a. umltlplef Tx-oanpegnas“;rﬁ-ﬂa: w1re1essei»?‘
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Yet another object of'the~preeent;inventi0n isAto

.provide a data processing method for transmitting data via

multiple Tx antennas to reduce an influence of the fading
phenomenon in a wireless communication system.

Additional advantages, objects, and -features of the

invention will be set forth in part in the description

which follows and in part will become apparent to those
having ordinary skill in the art upocn examination of‘the.

following or may be learned from practice of the inVention.

Thetobﬁectivee.and other‘advantages of the invéntion may be

realized and attained by the structure particularly pointed

- out iﬁ the written description and claims hereof as well as

the appehded drawings .

‘(Technical Solution]‘

To achleve these objects and other advantages and in

accordance w1th the purpose of the 1nvent10n, asg - embodled'

;and broadly descrlbed hereln, a layer wepplng method for a

'fspatlal nmlt1p1ex1mg in a Multl Input Multl Output (MIMO)

system.eomprls;ng‘ a) modulatlng a predetermlned blt block .

"of”‘eaoh of 1east oneA codeword , and generatlng &

Afmodut“tlon symbol stream for‘each codeWOrd;?and'b) mapplngf

& codeword”
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from among predetermined,n@pping combinations, Wherein in
eaoh of the predetermlned mapplng combinations, the number
ot layers to whlch a 51ngle codeword is mapped is limited
to a predetermlned number or below( when'the predetermined
number{corresponds’to a ratio acquired when the number-of
all layers is divided by the nnmber of all codewords.

Preferablyy the MIMO systent uses a max1mum of 4
1ayers and a maximum of 2 codewodrds, and the predetermlned
mapping comblnatlon limits the number of layers to which
the sgingle codeword is mapped to 2 or beiow.t

Preﬁerably, in nhe predetermined manping'COmbinanion,

a combination, 'in whlch a single codeword is nepped to at

‘1east two 1ayers when a max1mum of one codeword is used 133

rremoved from among all avallable mapplng combinations

4between the at. least one codeword and the at least one
.layer.

 Preferably, in the'predetermined‘mapping ebﬁbinati@n,

C . a comblnatlon 1n whlch ‘a srngle codeword ig mapped to at

: least two layers when a maximum number of all layers is 2

is. removed from among all avallable mapplng comblnatlons

‘between the at 1east one codeword and the at least one'
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1ndex is mapped to a s:Lngle layer and the‘ other codeword
with a higher index ig mapped to two layers, when the two
codewords are mapped to the three layers.

Preferably, the predetermined .ma'pping‘ combination :is

@ combination in which combinations -each of which has the

same number of codewords and layers are denoted by a single

combination.

‘Preferably, the MIMO" systetﬁ 'uses a ma:pimum of. 4
‘layers, and a maximum of 2 codewords, and the predetermlned
mapplng comblnatlon consists of a first combination “in
'which a single codeword is wlapped to a sdngle layer, a

.second combination in which two codewords are mapped to two

- layers, r‘espectively, a third combination in whic‘h two

codewords iare" mapped to three iayers, ah‘d - a - fourth-

_ comblnatlon in whlch two codewords are mapped to four )

:l,ayers .

Preferably, the MIMO system uses a max1mum 'of 4

i layers and a maximum of 2 codewords, , and the predetermlned‘A

Amapplng comb'ination .consists of a first coi'dl:}ina‘tion- in

_whlch a s:Lngle codeword ie mapped to a s:Lngle layer, a

.second comblnatlon 1n whlch two codewords are mapped t:o two

mapped to. thres layers, ~and
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supporting

retransmission based on a Hybrid ARQ (HARQ) scheme.
Preferably, in- the third combination, a first

codeword from among the two codewords is mapped to a first

‘layer from among the three layers, and a second codeword

fremaamong,the two codewords is mapped to second and third
layers from. among the three layers.

‘,Preferably, ~in the fourth combination, a first

-codeword from among the-two'codewords is mapped to firs;3

and second layers from among the four layers, and a sécond
codewerdefrom among ‘the two codewords is mappea to third
and fourth layers from among the four layers.

‘Prefefablyy' in the layer mapplng step b), if a

<espe01flc one codeword is mapped to two layers accordlng to 
tth; " third of fQurth' cemb1gatlon from jamong~ .the'
ipfedetermiaed'}umbpihg Acemﬁinaﬁiéns, lqmdulatiehj symbolf
-s;reame ‘coeetruetiné':the sﬁedifie :One‘ codeword ”are‘

‘alperﬁately mappediﬁo the_twé‘layersa'

J';.in‘anofher aSPect of the“preSent ihVentiohﬂ’tﬁere*isa

yInput Multl Output (MIMO) system to trapsm1t¢ datay‘v;a.4.

transmlss1on (Tx) antennas comp
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"block, and generating a meodulation stboi etream7: c)d

'mapping' modulation symbols contained in the modulation:

symbol stream to at least one layer accordlng to either one

of . predetermlned mapping comblnatlons, and d) transmlttlng‘

the layer-mapped symbols, wherein each of the predetermined'

mapping combinations includes a specific combination in

which a single codeword constituted by the symbol stream
generated by the modulation of the specific data block’is

mapped toAat‘least two layers, and the specific combination

'is designed to alternately mwap the sywmbol stream

constructing‘the single codeword ‘to the at least two layers.

Preferably, the MIMO ASYStenn'uses a waximum of 4

layers and a maximum of 2 codewords, and the predetermined

"mapplng4comb1natlon lncludes a first combination in. which-a

Siﬁgle' codeword.'is 'mapped ~to' a siﬁgle, layef;: a 3secoﬁd
comblnatlon 1n whlch two codewords are mapped to two 1ayers,.

respectlvely,g a thlrd comb:.natlon 1n whlch two codewords

'are mapped to three 1ayers, and a fourth comblnatlon 1n

Wthh two codewords are mapped ‘to’ four layers

Preferably,‘4in the . thlrd comblnatlon, e' firSt

‘,codeword from among the two codewords 1s mapped to a flrst’

=K ‘m”among the three 1ayers, and a secondbcodewordg:

9, the tw codewordslls mapped to second and:th.id;l
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Preferably, in the fourth combination, a first

. codeword from among the two codewords is mapped to first

and second layers from among the fonr layers, and a secondl
oodeword froﬁ among the two codewofds is nmbped-to.thirdA
and fourth layers from.among the fourolaiers.

Preferably, in the layerl4mapping step o), if a
specific one codeword is mapped to two layere‘aCCordingAto
the h third or fourth  oombination from among the
predetermined mapping combinations,.an even—th:index symbol

from among symbol streams constructing the specific one

codeword is: mapped to a first  layer from among the two

layers, and‘an odd-th index 8ymbol is mapped to a seoond

layer from among the two layers, 80 that the even th 1ndex'.

symbol and the odd- th 1ndex symbol are alternately mapped.

-to the flrst and second layers

It 1s to be understood that both the foregolng e

general descrlptlon and the follow1ng detalled descrlptlonA“‘

S

of the present 1nventlon are exemplary and explanatory andj

are .;ntended .to prov1de ﬁurther explanatlon fV:the=L

inventiontaé-claimed;'

advastageous BEfectsl

“for indicatihg’a” combinatioh: between: a'
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present invention can rationally limit the. number of all

combinations between a codeword and a stream in

consideration of a variety of aspects, so that it can

reduce the number of bits of information indicating the
number of all combinations between a codeword and a stream.

As for the above-mentioned aspects, ‘the above-mentioned

method congiders a maximum transmission rate of a specific

codeword, compares the pos’sibili’ty'of use wit'hAAt_.he' number .

of caseés indicating a .corresponding combination, maintains

a cowbination available for retransmission, improves a

deccoding performance of a ;r:'e'ceiver using the Successive

Interference Cancellation (8I1IC) method, considers a stream

grouping -based on an antenna grouping, and considers a

user’s convenience in a multi-user MIMO communication

system; . -

'i‘h'efefore,‘- the "pres"ent "in\}ent‘ion_ indicates .. .all:

codeword-—stream comblnatlons, whiéh ai:e i’cequ_ired" for bc‘>th

an upllnk and a downl:mk in a- MIMO communlcatlon system,
‘ With 1e‘ss numbe:c.of bits; thereby 1lncreasn.ng the e.fflcle;r;cy

. of contrcl 1nformatlon

The present J.nventlon prov:Ldes a method for mapplng'

_3cod' loc:s‘g‘accordlng to 1ayers An ‘al MIMO communlcatlonf:,

3 mapped _ codeblocks, - and
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additioﬁally éuérénteeimg a spaﬁial di&e%siﬁyAéainAcaused
by. the spatial multiplexiﬂg. | |
In the caéelwhére. a single data block is dividea
.into several codeblocks and the codeblocks are channel-
5 -coded, the ﬁresent invention gives each codeblock a‘
sufficient spatial diveréity by adding simple functions to

a transmission chain.

,[Descriﬁtién‘ of Drawingé]
‘].fh‘é accompanying drawings,' which are included to
10 provide ; a’ fu;‘thér undérstanding of the iriﬁrentioﬁ,
illustrate embodimehts of the ihyentio‘ii and together ‘wi‘th
the dés“cr:ﬂpt'ion se_:i:ve to .e.xaplai‘n‘ the p'j:inci'plieSof_ the -
liﬁVeﬁpignj‘u | |
In the '.d:,fiawﬁingé: |
15 0 Fre. 1 8s a block diagram . ill_u.éf;rating. a
| conventional :M{II\_QI.O-‘cdmmunic'.;‘;at"n;;fén System, - |
| “FI.G.': 2 si;bws léhannels 'fﬁ“:‘ot'h Ny TX :apte:i:(.,las‘ to a'nAR.x
antenia (1); - L o
FIG 3.A" _.is :_a . éqnqeptuai"'éiééram illlustr(atin'gl" a.

.20 &ingle-user MIMO, communication system;

i4"a conceptual diagran illustrating: m -




10

15

the present 1nvent10n, -

-‘codeword s ‘transmltted v1a t streams and' A

WO 2008/082277

PCT/KR2008/000074

42

FIG. - 4 is . a block diagram dillustrating the
relationship between a codeword and a stream in a MIMO

communication. system;

FIG. 5A 'is a ‘block diagram illustrating a MIMO

communication system in which a maximum number of
codewords is 2 and a maximum number of antennas is 4

according to the present invention;

FIG. 5B is a block diagram illustrating a- MIMO

,communicatioxi gsystem in which a maximum number of

codewords is 2 and a maximum number of antennas is 2

‘according to the present :anentlon,

FIG. 6 .is 'a conceptual dlagram il"lustrating' a

“modulatlon codn.ng set (MCS) provn.ded ‘when a single

<codeword J_S transmltted v1a several streams accordlng ‘to

'FI'G.' 7 i,sf' a . conceptual dlagram 111ustrat3,ng a-

_successive interference cancellat ion (SIC) concept :
‘ p"ei'fo:;ﬁied“i.n a recelver ‘g0 as- to 1mprove a decodlng'

. performance of a codeword‘ accordlng to ‘the - present

invention;

FIG. 8A shows a SpeC:LflC case in which a 31ngle

;ldetermlned;"'whet ‘er the IC» '_ ; med: im. this



10

15 -

907

‘codewords are transmitted via two streams,

WO 2008/082277 PCT/KR2008/000074

43
FIG. 8B shows a specific case in which  two
respectively,
and it is determined whether the SIC is performed in this

case;

FIG. 9 shows that two codewords are trahsmitted‘via

‘two streams, one codeword is successfully received and

the other codeword fails to . be ©received and a

retransmission of the failed codeword is requested;

FIGS: 10A ~ 10C show a variety of methods for

‘grouping multiple antennas in various ways;

FIG. 11 shows the number of available streans of a
user in a multi-user MIMO communication systemf

FIG. 12 shows a simulation reSult indicating a’

'dlfference in system throughput between a. flrst case 1n

Wthh only one codeword 1s used and a second case 1n

' Whlch two codewords are used on the condltlon that there“

are several streams;

FIGS. 13K ~-13C show.the simulation results of a

receptionéend pefformahcemaccording to‘the_order of SIC

decodlng,

FIG 14 shows the 81mulatlon result of an receptlon—

'end performance when the number of all comblnatlons;

:between a codeword and a stream ig" llmlted to a spe01flcy
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nﬁmber of comb‘inatién‘s cépabie Aof beiﬁg indicated by -a
given bi;c} gﬁnxber;
.FIG; .15Ais a block diagram illustrating a wireléss
communic;atidn system;A

FIG. 16 1is a Dblock diagram illustfating’ a

transmitter according to one embodiment of the present

“invention;

FIG 17 1s a bi‘ock diagram illpstrating ’a‘ B
transmissioh accdréing' go ' anétherA enbodiment of the‘
presént ‘ invention‘;

FIG. 18 is a block diagram illustrating a channel
encodiﬁg scheme accc‘ar‘c'ling.‘ to Ao‘ne‘ embodiment of the
p';te_sent vinventiﬁon’;

FiG. 19 is a conceptual. diagfam i,llust,rat'ing‘a; data

"'t;ransmis"s'ibn éccOrding, to one - embodiment Q'f, the present

invention; . -

A.F"IG, 20 is a cﬁchcePtﬁafL di'égram i'llﬁs‘t:rét'i;ﬁg a data

.traﬁ_smiss:i'on _aqqording ‘to é.ifl-other‘ embodiment of the

-present ‘invention;

FIle. 21 is'a,‘ ,com‘:e‘ﬁtual" diag‘ram ill‘qst'ratiné a data

t_pa'néini‘.’.ssi,o‘r_i ‘according to yet another embodiment of the

| présent: invention; -
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FIG. 22 ig a conceptual dlagram 1llustrat1ng a data
transmission accord:mg to yet another embodiment of the
preeent ‘ :ane:ntlon; |

| FIG. 23 is a conceptual diagram..illustrating‘a data
transmission 'ac.cerding to yet another embodiment ef the
present invention;

FIG. 24A is a Dblock diagfam illustrating a data

processing method of a transmitter according to an. OFDMA

scheme;

E‘iG. 243 is a block diagram illustrating a data

processing method of a receiver according  to an- OFDMA

scheme;

FIG. 25 is a conceptual diagram illu’streting a

-method for sebatat;ing a Syetematic part and a fparity part

of a’ cedéd ‘cede—b‘io‘ck‘. from each other, and p'e"r.f‘c})r'ming‘A a

rate-matching on the separated parts;.

FIGE. 26A~26B are"élor‘l'c::ept_u:al diagrams -illustrating .

a ‘éingl-e -codeword (SCW,)' and. mul‘t’ip“l-e" eodew.o-rds. - (MCW) ,

respectively; =

E 1E"IG 27. shows a codlng chaln used for a. HS- DSCH of

a WCDMA system accord:mg to the present J.nventlen, .'

"~FIG 28 shows a downllnk FDD sub frame structure;e'f,_

nt: 11;,1ve1_-1‘ }.OII ‘; B
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:FIGS. 29Af~29B show ' transmission-chain structures
of an LTE-eystem accpfding to the present invention;_
FIG. 30 ehews ‘e' transmission-chain structure
‘accordlng to one'embodlment of the present 1nvent10n;t
5 FIGS. 31A-31B show t?ansmission-chain. structures
according to another embodiment‘of the present invention;:
FIGS. 32Afﬁ32B sho&( transmissibn-chain struetures
Yaccordiqg to. yet another eﬁbodiﬁent‘ of the present
invention; and. |
10 ' FIG. 33 .shows a traﬂsmiésion—éhain stiucture
according‘ to vet another‘ eﬁbodiment 'of the ~present
.invention.
| '[;ée'st_ M"éde"] ,4

Referénce- will .new lbe .madé in: detaii to :thef
7.15'1preferred embodlments of the preseﬁt 1nventlon, examples of
which ;afél illustreted ih 'the‘ eecompanylng .drawings.
‘fWhéreVerjﬁossibié, the samelfeferenge‘numbers'willlbe qsed
~tﬁroughoﬁt the drawihgs ﬁé fefer’to Eheleame"er like perté;‘

| Prlor to descrlblng the present 1nvent1on, 1t shouldlf

lééggbe noted:that most terms dlsclosed In the present 1nventlon}i
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‘will hereinafter‘be disclosed in the following deecription
of the present invention. Therefore, it is preferable thet
the terms defined by the applicant be ‘understood on the
ba51s of thelr meanlngs in the present 1nventlon
QF?r the conuenlence 'df' desc:iption andb betber
understanding of the pfesent‘invenbion, general etructuree,
and devices well known in the abt‘will be omitted or be
denoted by; a biock diagram ob: a flow chart, Wherever
peseible, thee same .reference‘ numbers - will be used
throughout the;drawings to.reﬁer-to the same or like parts;
The ‘present invention provides a method for
rationally limibing tbe‘number of all cembinetions‘between
a codeword;'and. a ‘stream, and redu01ng' a‘ bit number <3f
41nformatlon 1ndlcat1ng the 11m1ted number of. comblnatlons

For thls.'purpose,f the present 1nvent10n con31ders the -

n'method,:fpf"ratlonally llmltlng "thefenumber of  all.

comblnatlons after con91der1ng the number of avallable
comblnatlons between a codeword and a stream.~'

If the number of Tx/Rx antennas ig llmlted as shown_

Vln equatlon 16,'a nwx1mum number of streams ‘is llmlted

:nAnd,FhenL 1f the number of codewords is llmlted '?nd;a’
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- If the number of Tx/Rx anﬁennas is 4, a maximum

number of streams or.codewords is 4. Meanwhile, if the

‘number of codewords is limited, a minimum number of

Aavaileble streams is limited. - If the number of codewords

ie 2, the number of streams is equel to or higher than “27

Or more. Therefore, if a minimum value of Tx/Rx antennas

is 4 and the number of codewords is 2, the number of
available streams may be 2,-3, or 4. ‘If a minimum value of

Tx/Rx antennas 1is 2 and'the“number of'ebdeworde is 2, the_

.number of avallable streams is only w2,

Generally, the number of Tx/Rx antennas is 4 or 2 1n

"commercial cases, and a maximum number of codewords is 2.
In recent times, according to the: 3GPP .LTE, a -maximum

" number (Np) of Tx anténhas,ﬁes,been set to 4, a maximum

number (Nﬁ) of Rx antenhas hes‘been set~to.4r and'a maximum.

‘Y number of allowable mult1 codewords has been. set to 2

‘X.whlch have been prescrlbed 1n 3GPP, Rl 063013(Approved;

- mlnutes of 3GPP TSG  RAN -WGL #46 in- Tal;;nn ,(Talllnn,

:"Estonla,-ZS-August ~ 01 September, 2606)), and 3GPP, R1-

20

f063613(Approved Report of 3GPP TSG RAN WG1 #46bls (seoul, -

‘Korea,AOB ~ 13 October, 2006)

Therefore, the follow1ng descrlptlon of the present{7
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of the bresent inventien is not 1imited to this assumption,
and can also be applied to other cembinations as neeessary,
A combination method between a codemoru and a stream
en.the‘condition that tbe number of Tx/Rx antennas is‘4 or
2 and the maximum¢number of codewords is 2 will hereinafter
be described.

FIG. SA is a block diagram illustrating a MIMO

communication system  in- which a maximum number: of

codewords is 2 and a maximum nurber of antennas is 4.

.aecording to the present invention.‘ FIG. 5B is a block

dlagram.lllustratlng a' MIMO communlcatlon system in which

a maximum number of codewords is. 2 and a max1mum number

‘ oanntennas‘is.2 according to the present invention.

Referring to FIG. SA} ifzthe number'of-antennas is

“4": a max1mun1 number of .streams.'is llmlted to “4".

;Therefore, 1f the number of codewerds is- “1” the number

of avallable streams is 1, 2, 3, or- 4 - If the number of

codewcrds'isi“Z" the number of avallable streams is 2, 3}

. or 4. .

Referrlng to FIG 5B, 1f the number of antennas 1s

“2"* a max1mum number of streams '1s 11m1ted to‘ “2”4

3iTherefore,.1f the number of codewerds 1s “1”‘ the number
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codewordé ig w27, the nuwber of available streams is set
to only “2*: |
In this case, the présentVinvenEion éay3<attention'
‘to the «conllbination. betwe'eﬁ the ’éolc"le*;siprd. and 'tﬁe stream,.
5 Vinstead of the combination betﬁeén.”the streény and tﬁe
antenna. .This.combinaﬁibh between thg'codeword and the
stream is.denotéd by a bold;sélid‘iine in FIGS. 5A and 5B..
In fact, the combination betweén tﬁé stream and,the.
antenna is differently*decided aééording to categofies'qf
10 a MIMO system. Accordingly, a number of a stream.is fixed
under a given rgstriétion cénditibn, and only thé
;comhinatién between thé codewérd‘and thé.Stream undér the
'same restriction condition will be considered.
. if tﬁe ﬁéxiﬁmnl nﬁmbg? 7qf; s£réém§. ié' 4 and:iﬁﬁg
15 méxiﬁ\um' number of q‘odéwoa;ds;: is 2 asshown in:' ‘E;J;G‘.fisA, ti;e
| .fOilqwihgjéombihaﬁioh is‘made; anq~% d§tai1éd;dééqfig;io§
:théfgof wili;heieinéfhei be.déséribed. “ |
“ 1f ‘t‘h.t‘a“‘. nﬁx{\ber .ofl éntém&a‘s“ié 4, i.e. if ‘the
*T;maximdm‘nuﬁbé;'diistream ié’4,‘éﬁ§A£ﬁgtmaXimﬁm ﬁﬁmbér of
lgd;fCCdéW§de is‘z;éail cbmbinationé bétwééﬁ‘é:¢dd§Word:and3a_-

| stream are as shown in‘ghe'folldwiﬁg tables 1 and 2:

Izable’t]
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Codewords | Streams | Conbination details - ‘ - |Hof A
: S accurrences
1 ! {Codeword, Stréam1}, 4

1 {Codeword, Stream?},
{Codeword, Stream3}, -
{Codeword Stream4} 4 4
2 | {Codeword, {Stream1, Siream?)}, 6
-{Codeword, (Stream [, Stream3)}, ‘
{Codeword, (Stream1, Stream4)},
{Codeword, (Stream2, Stream3)},
{Codeword, (Stream2, Stream4)},
{Codeword, (Stream3, Streamid)}

3 {Codeword, (Streaml, Stream?, Stream3)}, o 4
{Cadeword, (Stream1, Stream3, Streamd)}, ‘

{Codeword, (Stream|, Stream?, Streamd)},

{Codeword, (Stream?, Stream3, Stream4)}

. 4 | {Codeword, (Stream!, Siream?, Stream3, Streamé)} 1
S s e R T T [

. [Table 2] -
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Codewords

_Streams

Conbination details

#of

accurrences

2

2

[{Codeword, Stream1}, {Codeword, Stream2}] -
[{Codeword, Stream 1}, {Codeword, Stream3}]
[{Codeword, Stream1},{Codeword, Streamd})
[{Codeword, Stream?2}, {Codeword, Stream3}]
[ {Codeword, Stream2}, {Codeword, Streamd}]
[{Codeword, Stream3}, {Codeword, Streamd |

6

| [{Codeword; Stream1}, {Codeword, (Stream2, Stream)}]

[{Codeword, Stream1}, {Codeword, (Stream2, Streamd)} ]
[{Codeword, Stream1}, {Codeword, (Stream3, Streamd)}]

[{Codeword, Stream2},{Codéword, (Stream1, Stream3)}] -

[{Codeword, Stream2}, {Codeword, (Stream1, Stredmd)}]

[{Codeword; Stream2}, {Codeword, (Stréam3, Streamd)}]
| {{Codeword, Stream3},{Codeword, (Siream], Stream2)}]
[{Codeword, Stream3},{Codeword, (Stream], Streamd)}]
{[{Codeword, Stream3},{Codeword, (Stream?, Streaind)}]

[ {Codeword, Stream4},{Codeword, (Stream1, Stream2)} ]
[{Codeword, Stream4}, {Codeword, (Stream!, Stream3)}]

[{Codeword, Stream4},{Codeword, (Strean2, Stream3)}]

12

{{{Codeword, Stream!},{Codeword, (Stream?2, Stream3, Streamd)} ]
| H{Codeword, Stream?},{Cadeward, (Stream!, Stream3,; Stream4)}]
[{Codeword, Stream3 },{Codeword, (Streanil, Streatn?; Streamd)}] |
“{ [{Codeword, 'Stream‘4},{Co;deword;?(Stream};,,Stteamz,zSt:eanﬁ)}]

[{Codeword, Strearil, Sream2}, {Codeword, {Streams3, Stréamd)}]
[{Codeword, Strearn!, Stream3}, {Codeword, {Stream?; Stream4)}] -

| '.:' Sp.b §111}1 :.';' ‘:.'E'.'."‘}'?:;?:.'.'-:i ":. ‘."',.-' ;‘1_':: '_":.. ..‘:-. : ‘,-‘; .. X

| H{Codeword, Stream, Steeamd} {Codetvord, {Stream, Streamd)}] 1| .

.............
.................
.......
..........

AR RN

-In ‘this case; Table 1 shows examples of individyial

. (cémbiﬁatién$fﬁhén”thernﬁmbér‘¢f~qodéwcrdé~is 1, and Table |

5 .2 “shéws'- :‘“.e'xamp:le's,g of indi‘vidﬁél' - comb‘inatipns.“ w-fh‘e'n‘ : the}" &

dex of ‘codewords: in"the above-mentioned Table.

rally, - eath ‘codswdrd .
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includes specific information (e.g., a packet number)
-capable of discriminating each codeword. Therefore, the

present invention considere how many codewords have been
transmitted, 'inetead. ofAéﬁponsidering the order of
codewords. | |

If each stream is mapped to an‘antenna, the antenna
nmpping Ope?étion is - changed accordingAto the order of.
streams. AlSO} 1f a precodlng is used; the mapoing
operationr is also changed accordlng to the ‘order of
precoding in consideration of a corresponding weight
vector. Therefore, the stream has a‘fixed order, so that
it must 1nd1cate the order of comblnatlons

‘As can be seen from Tables 1 and 2, if the numher
of codewords is 1,'the number of. comblnatlons is 15 ‘1f
the number“of codewords 1sw§, the number of comblnatlons
is 25. SoA the total of 40 comblnatlons are requlred
Therefore,hln‘the ‘case where all comblnatlons are allowed“-
-;w1thout any restrrctlon on the condltlon that the nax1mum
}number- of ~codewords ‘is. 2 and the max1mum‘ number of

, streame ié~4 the comblnatlons must be denoted by 6 bltSl

(25 32 < 40 < 2_“64)

= In theTmeantlme, ‘as. shown in FIG SB 1f the max1mumfﬁ‘ﬁ'J

‘number of streams TR 2 and the maxrmum number of codewords}‘
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is 2, all the combinations between the codeword and the
stream are as follows.

As shown in FIG. 5B, if the number of antennas is 2,

i.e., if the rhaxim{;m number of streams is 2, and if the

5 maximum number of codewords is *2, all cases of individual
combinations'are as shown in the following table 3:
[Table 31
| Codewords | Streams | Conbination detajls #of
: - — occurrences
| ! {Codeword, Streaml]}, P) '
{Codeword, Stream2} . .
{Codeviord, (Stream!, Stream2)} 4 1
2 2 {[{Codeword, Stream1}, {Codeword, Stream2}] A 1
:‘:-':.' S'um .';'.:.'.. '....:."'.:_.:.-.'.. :-. _' “.':. .:;',' ';:" '.-'..‘ ?::.‘ "-‘-.. '."'.. :.: ‘.‘ .‘-.‘_. '..':‘ .'-‘,' ‘.'.';. ": ‘.',4_",‘ -.. _;‘:.. “..‘,‘ '.“"‘- _'..-: .:‘ . .': :"".. - "-‘ - ‘-:. . "-' ) _.-. ) ‘.-' - "_v:.' : 4. :‘.;‘:v
10 -
The ) above-mentloned ‘i‘able“ ‘3' sho'WS:w' exempiarY"‘
comblnatlons provz.ded when the number of codewords is 1
. ok 2.
. If the max1mum number of streams is 2 and the :
15 ‘max:Lmum number of codewords is. 2. as shown in’ Table 3, :;fc ‘

can“ be recognlzed that .a tota,l‘ of, 4. code‘wor-d‘—-s{fg:reafu,,

comblnaf"'lons are requlred. ‘:Iri ~'thiss‘,oase=~,:"~:,i"f all “:ﬁh‘e ¥

allowed w’:Lthout anY reStrlctlon' the 4
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(2'=32 < 4 s 2%°=4). However, this case, may -be considered to

be a subset of the specific case using a maximum of 4

streams shown in Table 1 or 2. Therefore, provided that

the . present invention can effectively dndicate the

aforementioned case‘employing the maximum of 4 streams, it

can also be,appliedttO'anotber case employing a maximum of

two streams.

In the'neantime, in the case where the.combination
between a codewerd and a stream is independently iﬁdiceted
according to the,ﬁumber:ef antennas, this case is left out

of consideration because the number of used bitg is a small .

‘number. Therefore; the followingf embodiments of the.

present invention will discioae a method for effectively
indicating all combihatipns between a codewo:d and ‘'a stream

with less numbér of bits on the basis of a specific case in

:WHich,a maxiﬁuﬁ“of 4jstﬁeame are. used. If -the Cembinetiep;
betweeﬁtthe.qodeword and. the stream can . be denoted_with

'less number of bitsj;aztrehsmiseion efficiency of a control

If a glven llmltatlon between a codeword and a;

stream is that the max1mum number of streams 1s 4 and the

max1mun\ numbez' of codewords 1s 2 all the comblnatlons.

" bettween ;tfhj,e ;;cod"ewérd ‘and. Ath.e.«.-S;tr;ésa“m;;ar?: made available,. ;S‘o ,
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combinations Qithout any réstric."tionf, 4On.e . embodiment of
the present/invention provides a‘methéd for limiting all
combinations betwéen the codeword and the stream to reduce
the number of informatioﬁb units “indicating a used’
combination from among the combinations.

In order to implement the above“—mentioned embodiment,

a method 'for limiting the number of ‘Tx 8streams Vvia.which -

each coaewor,dl is transmitted, - and reduéing the nﬁmbéi of

all combinations between the cédeword and the stream will

hereinafter be described. .
FIG. 6 is a conceptual diagram illustrating a

modulation . coding set (MCS) provided when a single

codeword is transmitted via 'several streams according to

,Rvef,e‘r'r_ing. to . FIG; 6, 1f sevéra‘l streams are

transmitted = via multiple . antennas,’ each  stream

experiences a variety of channel enviromments. In this

case, if a single codeword (e.g., .a codewdfd 1) is

,tra‘nsmit’tjje'd via. -séve:ral . Btreams :(e‘,g. ,. Streams “1—3) .

- different -channel environments of the individual streams

are- immediately.’

‘averaged ~during the ' decoding ‘of . a
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.MCS of a‘coding rate = 8/9, 'a second stream 2 based on .a
64QAM and an MCS of a codlng rate = 1/2, and a thlrd

‘stream 3 based. on a BPSK and an MC§ of a codlng rate -
1/10 the codeword 1 has the same effect as +4in the case
.in ‘which the codeword l‘. is transmitted with an a\.rerage
MCS8 level of MCS levels of the flrst to third streams, 80
that the efficiency may be lower than that of another
case in which a codeword requiring high-speed
transmission is transmitted via a good st’ream.A

In the light of channel ‘capacity",‘ it is most
preferable that each codeword be adaptively transmitted
accordlng to channel enrlronments of 1nd1v1dual streams,
S0 that it is also preferable that a sulgle codeword be
transmitted to ”each stream", : Is other words, "_provi.‘ded'

there are four codewords “if four streams are used to

' transmlt the four codewords, the optimum condition can be

-provided. )
However, accord:mg to the above mentloned case 1n.'
wh:c_ch a maxrmum of q streams are used ‘and . a max:Lmum of 2‘

codewords are used.., .'Lf a ,max:u_num o;f 4 stream:‘s‘ must ‘be '

used under a glven condltlon, ‘each, codeword -must .be

‘ftransmltted v1a at least two stream -t
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is transmitted: so Athat a given codeword is 't'ran,smi,tted
via a minimum number of streams from among all streams.
As a result, the number of ‘all combinations between ‘.a
codeword and a stream is. reduced.

in more detail, according,‘to‘ this embodiment in
which a maximum of 4 streams are used and a max.‘imum of 2
codewords are used, 'i;t. lS préferable to limit the
codewérd*stréam combinations su.ch that a single chewo‘rd
should be limited up to two strééms .

Then, the c‘ombination’beItWeenA the codeword and the

stream can be represented by the following tabies 4 and

57
[ﬁr»abig 4]

—T ———— T
Codewords | Streams.. ~Conbmat10ndetalls R o occurrences
1| 1 ""{Codeword,Streaml},'f“ o R

1 H{Codéword, Stream2}, - <. :
-{Codeviord, Stréam3},
-{Codewcrd, Stream4} S . |
2 |{Codeviord, (Stréaml, Stream2)}, B

- 1 {Codeword, (Siréam}, Streani3)},
| -{Codeword, (Stream], Stream4)};
{Codeword, (Stream?, Stream3)}; -~ - .-
| {Codeword, (Stream2, Streamd)}, © - -
: {Codeword, (Stream3 Stream4)},: L
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4 " ot ; - ‘ o #of
Codewords Stream‘s‘ Conbmatxop detguls | o A SeeurTences -
2 2 |[{Codeword, Stream1},{Codeword, Stream2}]. 6
' . |[{Codeword, Stream!1}, {Codeword; Stream3}) ‘ -
T{Codeword, Stream1},{Codeword, Stieam4} |
1 [{Codeword, Stream2},{Codeword, Stream3}] -
| [{Codeword, Stream?2 },{Codeword, Stream4}]
[{Codeword, Stream3},{Codeword, Streamd}]

3 |[{Codeword, Stream1},{Codéword, (Stream?, Stream3)} ] 12
-~ 1{{Codeword, Stream1},{Codeword, (Stream?, Stream4)}]

[{Codeword, Stream|1 }, {Codeword,(Stream3, Stream4)} ]
[{Codeword, Stream?},{Codeword, (Streaml, Streain3)}]
‘[ {Codeword; Stream?2},{Codeword, (Stream; Stream4)}]
[{Codeword, Stream?2 }, {Codeword, (Stream3, Stream4)} ]
[{Codeword, Stream3},{Codeword, (Stream1, Stream2}} ]
{{Codeword, Stream3 },{Codeword, (Stream], Stream4)}]
[{Codeword, Stream3},{Codeword, (Stream?2, Stream4)}]
[{Codeword, Stream4}, {Codeword, (Stream1, Stream2)}]
[{Codeword, Stream4},{Codeword, (Stream], Stream3)} |
[{
|

Codeword, Stream4}, {Codeword, (Stream, StreamB)}]

4 (Codeword, Stream!, Stream?}, {Cadeward, {Stream3, Stream4)}] 3
" {[{Codeword, Stream, Stream3}, {Codeword, {Stream?2, Stream4)}] |
N {{Codeword, Streaml Strearn4} {Codeword, {Stream2 Stream3)}] |

A A A R 2 R VA MR AP BT A M IR A AV DAME R AT LA [N I AR R

The. "abevéﬁneﬁtijo‘r“le”c‘l‘ ‘Table a shoi&e‘:' a"ﬂ exempl.ary;
co;m.]einafion’ betwee;i a cede:werd" ;en‘d‘ :a-,-stream-' when the i
5 nﬁm‘ber of‘ ce;ﬁew'erds is 1. ';l?he‘ ab't')Ve-fnentioAr:i-ed 't"a'ble 5 f
‘shows an exemplary comblnatlon. between a coeeword and a
, ,stfeam when the ‘number of codeworde is 2

As can be seen from Tables 4 and 5, provmded that a.‘,

- "j'.-":s:Lngle codeword 1s, transmltt. vig a max1mum Of 2 streams

0 “gceording o, ion, he
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number of combinations is 10 when a maximum number ‘' of
codewords is 1, and the number of combinations is 21 when

a maximum number of codewords is 2, so that a total of 31

‘combinations are required. The 31 combinations  can be

[ |

denoted by 5 bits (24;16 <31 < 25¥32);
In the meantime, a more preferred embodiﬁent of the

present invention limits the number of -streams used for

‘transmitting a single cOdeword,:'and at the same time

removes a specific combination having wmany wore numbersg of
cases than the p0581b111ty to be. used so that the number

of all comblnatlons can. be further reduced, and a detailed

fdescription thereof will‘hereinafter berdescribed.

in more detail; _one embodiment of = the .present
invention further aesumes alfspecific« condition which

excludes a spe01flc case in Wthh three streams are adapted'

‘to transmit the codeWQrd from all,comblnat;ous ehownw1n~

Tablee~44and S.
Although the above mentloned case in whlch three

streams are used corresponds to a channel rank of 3 therf

-channel rank of 3 may be changed to another rank so’ that.
-the changed rank ney be 1nd1cated 4 The reason why the}

”aforementloned case 1n whlch three streams from amongu
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‘shown in Tabie 5 so that 12 combinations occupy about 38.5%
of all combihations, but the possibility of selecting the
case in which three streams are used is about 20% accofding

to the simulaﬁion'reSult. |
. Thereféré; it is pféferéblej that the cése haviné
many more cowbinations than the possibility to be selectéd
'for‘transmiSSion be excluded from aii'the cages. As a
~result, theé abov¢~mentionedi éﬁbodiment' of the present
‘invention removes the coﬁbiﬁation haviﬁg ﬁény ﬁumbers of
cases from all the combindtions between‘a cédewofd apd‘a'
stream, so that the number of bits oﬁ coﬁtroi informatibn 
is effectivelj‘reduded,. |
A detailéd example associated with the above- .
méptiqned description ‘can be represéptéd by the fqlloﬁing

‘Table 6:

{Tébleis]'
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Codewords | Streams | Conbination details #of
V N occurrences
| 1 {Codeword, Stream1}, , ’ 4
{ {Codeword, Streani2},
{Codeword, Stream3},
{Codeword, Stream4} - S
2 | {Codeword, (Streami, Stream2)} A : 6

{Codeword, (Stream1, Stream3)}, -
{Codeword, (Stream], Stream4)},
{Codeword, (Stream2, Streans3)},
{Codeword; (Stream?, Stream4)},
{Codeword, (Stream3 Stream4)}

3 |[{Codeword, Streaml},{Codeword, Streaml} - , 6
[{Codeword, Stream1},{Codeword, Stream3}] -

[{Codeword, Stream1},{Codeword, Stream4}]
[ {Codeword, Stream2},{Codeword, Stream3}]
[{Codeword, Stream?2}, {Codeword, Streamid}]
[{Codeword, Stream3},{Codeword, Stream4}]

4 [{Codeword, (Stream!, Stream2)}, {Codeword, (StreamB Stream4)}] 3
[ {Codeword, (Stream1, Stream3)}, {Codeword, (Stream?, Stream4)} ]

[{Codeword, (Stream!, Sticam4)}, {Codeword, (StreamZ Stream.'})}]

R T

Accordlng to the embodlment' of the present 1nventlon_
shoWn Ain. Table 6, prov1ded that a’ SPElelC combl.nat‘,lon‘
hav:Lng ‘ma.ny'more numbers of cases (:L el the Case 1nwh1ch
: ‘three -s-treams ~ar~e used) than the‘ poss:.b:.hty of use 1s:

removed the number of comb:.natlons between a’ codeword and
' ' ‘a stream lS 10 when a marlmum number of codewords lS 1, and
the number of combn.natlons between a codeword and a‘ stream_
-;.1‘:0";:.s 9 when a max:Lmum number of codewords 1s 2 So\; .-tbat,_ag'-',; :

total of 19 comblnatlons are requn:ed



10

15

- 20

‘gudcessive | interference .-, cancellation+: (§

performed in. a | keceiver: so - as. to . improwve

WO 2008/082277 PCT/KR2008/000074

63

L
“

4Therefo)re; ‘an embodiment 1n ‘WhiCl"l a sinéle éédeWbrd
is ‘transmitted via a maximum of 2 A.st'reamsﬂand the case
employing three streams ié excluded can be denoted Ey 5
bits (2%=16 < 19 < 2°=32) .. In this case, th.e number of bits

of control information indicating all combinations may be

inferior to that of Table 4 or 5, however, if the above—

mentioned  case is applied . to another .example, all
combinations can be denoted with less number of bits. -

In the meantime, andther embodiment of the presgent

invention limits the number of streams used for

_ transmitting a single codeword, and at the - same time

removes a.specifi‘c c;ombi‘n'ati:(.)n ‘hg\fing:m‘any more: numbers of
cages than the possibility of to Ab'e‘_used. And, 4if two

stréams are used to - iniprove ‘a reception. performance, the

above-mentioned embodiment of the prese‘nt invéntion removes

'a combination in which a single codéword is transmitted via -

the two streams, so that it caﬁ fur’f:hér reduce ‘the ~f1_utpb‘er

of "all combinations between a codeword . and ,é_,.stfe"am'. A
detailed description of the above-mentioned embodiment will

‘ he:;eihaftej;':,be, "d'eécr,_ib‘e'd. -

. FIG.. 73_s a - cohceptua:l. ;di,agr.atﬁ. '-it_lfl;u_s‘t‘:‘ra'ﬁing'. a

) condept "

-a’ decoding.
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performance of a codeword according to the present ..

invention.

If several codewords are received in & receiver,
the receiver maylberformethe‘SIC to improve avdecoding
peiformance~ of a  Rx ‘signal‘ ) If the receiver

simultaneously receives a codeword 1 and a codeword 2 as

shown in FI1G. 7, it firstly }decodes the - codeword 1,

 removes all signals associated with the decoded‘codeword‘

1 from all Rx signals, and decodes fhe codeword zlusing
the remaining signals, so that a dedoding’performance of
all the signals can be improved.

’In this: oese,‘ in- order to perfoﬁm the eabovga

mentioned SIC, there is a need for several codewoids‘to

,be transmltted as. shown 1n FIG 7. If a 31ngle codeword

1s dlstrlbuted to several streams and be then transmltted

' although. several streams are :recexved the. reoe;ver*lls'j

unable to perform the SIC shown in- FIG 7.

FIG. SA shows a spec1flc case in whldh a’ 51ng1e‘

«-,oodeword~ is.. transmltted v1a two‘ streams and~ 1t ‘is

determlned wheﬂher the sIC is performed in thls case.A‘FIG.

8B shows aj*speCific .case in which two' codewords are

ft an!mltted, v1a' tWO streams,; respectlvely, Asnd?iitﬁ'is:

1o
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Referring to FIG. B8A, if a single' cedewerd is
transmitted wvia two streams, an independent‘codeword is
not contained in each of two Rx streams, eo that the SIC
cannot be applied to the'case efvﬁIG. 8A.

Referring ,to,.FIG. BB;- if  two codewords are
transmittea via two streams;‘the SIC‘shewn<ih FIG. 7 cah
be applied to a Rx eighal traHSmitted via each stieam,.ee

that the decoding pmrformance'of the Rx signallcah be

improved.

Therefore, another embodiment ~of ‘the' present
invention. limits the number of streams used for

transmitting a single codeword as shown in Table 6 (e.g.,

streamstor»below 2), and removes a specific combiﬁation

‘hav1ng many more numbers of ‘cases than the p0551b111ty of

uee. (e;g., the comblnatlon. 1n whlch three streams arej

'aiiewedVaeeremoved).@e And if‘two streams:are USednto;,
ifurther 11m1t the number of blte 1ndlcat1ng all codeword—'ﬂ
Astream comblnatlons, the abeve mentloned embodlment of the

. present 1nvent10n.remeves a comblnatlon (shown in FIG“éh)‘

'ln‘whlch a 81ng1e codeword is tranemltted v1a‘twe streamsp'

- 80 that a recelver can 1mprove a decodlng performance of a“'

#Rx 81gna1 u51ng the SIC

;I‘n., _ t:h rsz, . C.‘.@,Sﬁr

A the above mentloned. example‘ has no;

umbet .G =
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number of streams is 1, 2 or 4, only one codeword-stream

combination exists as shown in the following table 7:

[Table 7]
Codewords | -Streams Conbiﬁation detéils | #of
| I I y o * | occurrences
Lol {Codeword, Stream1}, ‘ ‘ 4
{Codeword, Stream2}, ‘ :
{Codeword, Stream3},
: {Codeword, Stream4} . |
2 | 2 |[{Codeword, Strea.ml'},{CodeWord, Stream?2} 6

[{Codeword, Stream1},{Codeword, SireamB}%
[{Codeword, Strearn1},{Codeword, Stream4} ]
[{Codeword; Stream?2},{Codeword, Stream3} ]
[{Codeword, Stream2}, {Codeword, Stream4}
[{Codeword, Stream3},{Codeword, Stream4}

4 |[{Codeword, (Stream1, Stream2)}, {Codeword, (Stream3, Stream4)}] — 3 .
- {[{Codeword, (Stream!, Stream3)}, {Codeword, (Stream2, Stream4)}]
[{Oodeword, (Streaml Stream4)} {Codeword, (Streamz StreamB)}]

.........................................

- '.'.-.'.~.".'.".'.-.".-.". ......................

U, o e [

| W:.th réference to Table 7, the number ef
couibine‘tlionel | is. 4 when a max:l.mum number “of co}dl‘ev\.rords, 38 1,
' and the numben of corribiﬁz’ations' ie ‘“9: 'Wnen a 'me;éimnﬁ\ number
10 - of ooaewo"j‘rde :i‘s':,.?., _so that ‘a total of 13 comblnatlons. are.
_requlred '4'1:’1'ie:.:’efore, 1n the case of this example ac‘cor.dlng
to thlS embodlment all cornblnatlons between a codeword and‘

«a. stream can be denoted by 4 b:a.ts (23 8 < 13 < 2“*16) -

‘,,‘,'Therefore, dn the 1ight of the number of blts Lndlcatlng'?f“%‘-
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all the combinations, the method of Table'7 is better than

..the method of Table §.

In the meantime, the above-mentioned émbodiments of
.theApreseht invention have considered a channel capacity,

an efficiency of combination indication, and an Rx

_perfé:mance improvement baged on the SIC in order to

effectively reduce the number of all combinations between a

‘¢todeword and a stream.

In the case of considering only the éfficiencyAin

reduction of the number of all codeword-stream combinations,

if a receiver of an HARQ communication system generates a
retransmission request, an unexpected problem may occur. in
properly dealing with the retransmission request.

Therefore, = another .- embodiment of ° the,"presen;‘

“invention limits = the ‘nuwmbér of all .codeword-stream

combiﬁatipns by reﬁpﬁihg aAépecific‘combiﬁation haviﬁg'méﬁy*
‘more numbers of cases than the possibility of to be used

from - all thé combinations,. and waintains a combination.

~available for a retransmission scheme such as a HARQ. A

detailed description of the above-mentiomed embodiment will
hereinafter. be described.

PIC. .9 shows that two. codewords are transmitted via .

‘omig codeword issuccessfully” received’.and
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the - other codeword  faills to. be .reCeived and a
retransmigsion of the failed codeword is requested.
Referring‘ to FIG.'}Q, .if‘.two.'cedewords are
trahsmittéﬁ‘via twe~etreams during a'first tfaﬁemiseion/
it is aSsumed that a epdewerd'l between the tﬁo codewords

is successfully received, and a codeword 2 corresponding

.to the otherwcodeword fails to be received so that a NACK

signal is transmitted to a transmitter. In this case, if
the ™“Chase Combining” scheme is applied to retransmission,

it is preferable that the codeword 2 be retransmitted via

two. streams.

However, the. above-mentioned combination is not

contained in the combinetions-sheWn.in'Table 7. Therefore,

one . embodiment of the‘~présent .invention removes _.a

‘spec1f1c comblnatlon hav1ng many' more numbers of caees_
'than the pOSSlbllltY to be used from all the comblnatlons‘"
- (e. gu, a’ comblnatlon. w1tl1 three streams),‘ and tmalntalns i
.the 'abote mentloned ' comblnatloﬁj avallaﬁle “-fer5: the
i:ietransmissionAuscheme_;euqh ”es 'the HARQ :The' aboﬁé;

‘mentloned embodlment of 'the present 1nventlon can be '

represented by the follow1ng tables 8 and 9
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Codewords | Streams | Conbination details ' - {#of
' ‘ : < - ocourrences

1 -1 | {Codeword, Streaml}, o ' 4
: 1+ | {Codeword, Stream2}, A ‘

" 1 {Codewaord, Stream3},
{Codeword, Stream4} .

2 | {Codeword, (Stream!, Stream?)}, . | A 6
{Codeword, (Stream1, Stream3)}, '
}
}

{Codeword, (Streannl, Streamd)},
{Codeword, (Stream?, Stream3)},
{Codeword, (Stream?, Streamd)},
{Codeword, (Stream3, Stream4)},

o B s T

[Table 91

Code‘;irords Streams - Coﬁbinéﬁon details - o T

2 2 - {[{Codeword, Stream1},{Codeword, Stream2}] - ) 6

S | [{Codeword, Stream1}, {Codeword, Stream3}] -

[{Codeword, Strsam1}, {Codeword, Streamd}]

{[{Codeviord, Streamd}, {Codeword, Stream3}]

- {[{Codeword, Stream?2},{Codeword, Stream4}] -
{ [{€odeword, Stream3},{Codeword, Stream4}].

oceurrences |

4 {[{Codeword, (Steanl, Steam)}, {Cadewrd, (Sieam, Steam@)]| 3
. |{{Codeword, (Siream], Sircam3)}, {Codeword, (Stream2, Stream#)}}| . .

| L{Codeword, (Stream1; Streamd)}, {Codeword, (Stream?, Stream3)}] |
- Sub swm T I R T ]

_The ab:é?ﬁe-fméntibned Tablé 8 shows a combination
bétween a ,é'c';d.ewoq.:‘dv and a stream when a s‘ilh‘gl:e codeword. 'is'

d. 'Thfen,afibjmfgaf—:;ﬁentiorie& {l‘abié' 9. '-éﬁqus .a" combination

deword and: a stream when ‘two codewords are.
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As ean.‘be seen frem.'rabies 8 and.‘9 a speciflc
-comblnatlen. having many more numbers of cases than’ 'the‘
pOSSlblllty of use (i.e. a spec1flc case with three-
streams) is excluded from all comblnatlons of the above- .
‘mentioned example in which a maximum of 4 ‘streams are
used and a maximum of 2 codewords are used. If a specific
combination in which a single eodewordvcapable of being
used for retransmission is transmitted via two -or four
'streams, and a combination ih which each of two codewords{
are transmﬁtted via one or two streams are maintained, 11
cembinations.are.made'available for the'case in wﬁich:a
Aeingie codeword .ie 'ﬁséaq ‘and 9 eqﬁbinations'Aare made
-availableffof the ofhe: case'in which two éedewefds are
'used 80 tﬁatlaalleetal of 20 'coﬁbinations' are made

.avallable., Therefore, all the comblnatlons can be denoted

-by blts (24 16 < 20 < 25 32)

5 bltS are requlred as a’ blt number for’ 1nd1eat1ng‘
the comﬁlnatlon between a cedeword and . a stream shown 1n.
Tablee-s‘and 9;eso”that the number of cembinapibns fo¥‘
use 1n aAspe01fic case can- be further.llmlted fésuiiing‘

in reductlon of the number of correspondlng comblnatlons

:The follow1ng table 10 shows that a comblnatlon 1n whlch

””55<re_transm1tted V1a two streams 1s further;
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[Table 10}

, o . ' #of
Codewo;ds Streams | Conbination details oceurrences

-1 -1 - | {Codeword, Siream}}, : o 4
- - { {Codeword, Stream2}, . :

{Codeword, Stream3},
' {Codeword, Streamd}

2 |{Codeword, (Stream, StreamZ)}, : 6

{Codeword, (Stream1, Stream3)}, ‘
{Codeword, (Stream1, Streatnd)},
{Codeword, (Streani2, Stream3)},
{Codeword, (Stream2, Streamd)},
{Codeword, (Stream3, Stream4)},

{Codeword, (Stceam, Stroam2, Siseans, Sreamd)] T

2 4 |[{Codeword, (Stream|, Stream2)}, {Codeword, (Stream3, Stream4)}]. 3
: [{Codeword, (Streaml, Stream3)}, {Codeword, (Stream?, Stream4)} ]
[{Codeword (Streaml Stream4)}, {Codewotd, (Streaml Sﬁeam3)}]

.....................

- e e te Tt e T T T e e et T e e e L e e P . PR

R e e e |

With .‘ refe;c‘ence, 't.o‘ Table lb, the nuixxloer‘ A“'of‘.
_comblnatlone is 1’1 when .a max1mum nﬁmber of codewords 1s ..
1, and the. number .of comblnatlons lS 3 when a max;L-mum,:
Anumber of codewords, ’is‘ 2, eo that a total of 14'
.comblnatlons : ere" | ré'quired“ .’ Th‘erefore,' ~'i:he‘ above-
A'10 ‘mentloned 'case 1n whlch the case of three- etreams ‘1s...
gexcluded At‘hé-.; comblnatlon Cin - which’ retran.sxﬁlss:mn_ 1s
.;oon51dered 1s :_ malntalned; =a}n&.'_two codewords veire'.

jtransmltted ’v1a two streams can be denoted by control,

feﬁ;;gaﬁ;:;qg ' ”:",‘,_:Lts (23—8 & 13 < 24—16»):";.
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In the meantime, 'according to detailed embodiments

of the present invention concerning Tables 3 ~ 10, the

number of bits (i.e., a b:x.t numher) - of control
information required for 1nd1catlng all cofnbinationé

between a codeword and a stream is determined to be a bit

nnmber capable of indicating the power of 2 h-igher than

the number of all c¢ombinations. In this case, the number
of codeword-stream combinations capable of being denoted

by a bit number of required ‘control informatien is

generally higher than the number of all ‘combinations to

which a predetermined restriction is applied.
Therefore, in association . with Tables 3~10,

another em‘bodi‘ment of the present invention adds

addltlonal comblnatlons correspondlng to _a 'difference'.

(e g 3 comblnatlons in Table 10) between “the. number of. -

" ‘comblnatlons (e g P 16 comblnatlons in. ‘I‘able 10) v denoted' :

by the number of 1nformat10n pleces (e.g.,ﬁ“ 4 ;b.it_s- im

Table 10) 1ndlcat1ng all the 11m1ted comblnatlons, and’

B -_the number of all the llmlted comblnatlons : (e.g., 13

20

-comblnatlons 1n Table 10) to all the llmlted CmelIlathI’lS,

'and a detalled descrlptlon thereof Wlll herelnafter be

descrlbed
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The cases shown in Tables 6~10 indicate the cases

in which the combination for the case that the number of

.cases is higher than the possibility to be used, such as

the case when the number of streams is “3”, is excluded,
so that the number of bits required for indicating all

combinations can be dgreatly reduced. However, the above-

mentioned cases  shown in ‘Tables 6~10 are wunable to

indieate the case in which three streams are used nhereee‘
they are. able. to reduce the number of combrnatiens,
resulting in the occurrence of an unexpected problem.

In the meantime,rthere is a difference betweenAthe

maximum nnmber of eombinatidns denoted by the number of

‘bltS requlred for 1ndlcat1ng all comblnatlons and the-
: number of really used comblnatlons ~.In other words, it ls‘

.assumed that the number of real comblnatlons 1s M and N-

bits " are requlred' ;for' 1nd1cat1ng the combrnatlons,7

accordingAto an equatien of 2“4,<fM' 52“, Asra reeult,‘a

fpredetermlned number of comblnatlons ccrrespondlmg to a

-;dlfference (2N M) between the number (2“) ‘Qf maxzmum—

expre881ble comblnatlons denoted by N blts and the numberf

(M) of real cemblnatlons Can be further added

'ﬁiherefdreg one embodlment of the present 1nventlonu

comblﬂa 1ons ‘1n: whlch three~ streams are.

PCT/KR2008/000074
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used. The number of specific cowbinations cerresponds to
a difference between the number of combinations, denoted

by a bit nuwmber required for indicating all cowmbinations,

‘and‘~the number of all real combinations. So,. this

embediment provides a method for using three streams
without increasing'.the number of ‘bits required for
indicating all combinations.

In more‘ detail, Table 7 may indicate ‘a1l
combinatiéns (i.e., 13 4combinations} limited by 4-bit
control information. In rhis case, a specific combination

emplaying thréee streams corresponding to a difference

‘between 16 combinatibns capable of being denoted by

control 1nformatlon and 13 comblnatlons may be added to

‘the comblnatlons of Table 7 In this way, the case of :
‘Table 10 wmay further 1nclude two:co@binatiens, each of

Wthh uses three streams.r

However, the number of comblnatlons occupled by the

© case employlng three streams is hlgher than the number of,
‘comblnatlons capable of belng added In other words, the;

7numbeerf cases each of Wthh uses a 51ngle codewordj

from among several cases each of whlch uses two streams,

andﬂ,heanumber of other cases, each of.fhlch usesg

' 'é ~''I‘h.erefere, the comblnatlon add-tlon:

PCT/KR2008/000074
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-is selectively performed on  some of the above-mentioned

cases.

For example, three combinations can be added to

Table 7, 80 that it is assumed that: only5 successive

-numbers are selected from among three-stream combinations.

In other words, it is assumed tliat the order of "Streaml,
Stream2, and Stream3", "Stream2, Stream3, and Stréam4“,.or

"Stream3, Stream4, and Streami" is selected;A in fact, the

.stream numbers are fixed in ascending numerical order, so

that the order “Stream3, Stream4, and Streaml“ may be
EOnsidered to be "Streaml, Sére%QB, and Stream4"” for the
cénvenience of'aescriptionﬁ

I£: a; combination 4employing a singleA‘codeword:.is
édded, the édded combina#hmiamay.be‘{Codewp:d,'(Stréaml,
Sfréamz,'St?éamB)};v{Cé&ew@ré,:(Stre;mé,gétféam3,~Strgamé)}:

or. {Codeword, (Streami; Stream3, Streamd)}, as represented

 bthhe follbWihg téble;ll:“

(Table 111
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Codewords | Streams | Conbination details S ‘ #of
' : ' : OCCUITENCES
1 1 |{Codeword, Streaml}, . - T
1{Codeword, Stream2}, , o _
{Codeword, Stream3},
{Codeword, Stream4}

7] {Codeword, (Stream?, Stream3, Strearnd)}, = o
| {Codeword, (Stream1, Stream3, Stieamd)} -

....................

2 2 [{Codeword, Stream1}, {Codeword, Stream2} ] 6
. | [{Codewotd, Stream1},{Codeword, Stream3}] :

[ {Codeword, Stream1},{Codeword, Streamd}]

" {[{Codeéword, Stream?},{Codeword, Stréam3}]
[{Codeword, Stream2},{Codeword, Stream4}].
[{Codeword, Stream3},{Codeword, Streamd}]

4 |[{Codeword, (Stream1, Stream2}}, {Codeword, (Stream3, sueam)}] — 3,
[{Codeword, (Stream1, Stream3}}, {Codeword, (Stream?2, Streamd)} ]
[{Codeword, (Strearn1, Stream4)}, {Codeword, (Stream?, Stream3)}] |

........................
LA PR DR IR IP AL S DA AR . AL AURIE SIS AT D35

In ‘Table 11, A:t'he : ad&ed ,ébinﬁiﬁation is @endt;éd* by a

Cumshet pagt e e
s ama, if a conbimation cmploying two codewords is
added, ' t‘:hgl added édn;biﬁé\i:ién may <be‘A [{ Codewé-rdf ; Stzﬁef.;limll,)‘ ; |
{cosevord, <S??ea@2: . streams) )1, ‘".[:{‘_—’Qaéwoxé?: streamz),
‘{‘C,o.'deWOJ.:d,"f (Stream3, 'S.t:fj‘eamé).'}j i and 4[{é'c:de‘wd';*r."d, .~_‘Stréa:\'ni}ﬂ,'l >
| {codeword, (Streans, Stréami)}], as ‘represented by the

10" follouiny. able 12
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T #of
Codewords Sg'eams Cogbmatmn details ‘ | occurrences
1 | 1 . |{Codeword, Streaml}, 4
| {Codeword, Stream?},
{Codeword, Stream3},
{Codeword, Str‘gamzl} ‘

2 2 |[{Codeword, Stream1 },{Codeword, Stréam2}] A 6
' 1 [{Codeword, Stream1},{Codeword, Stream3} ‘
[{Codeword, Stream1},{Codeword, Stream4}]
[{Codeword; Stream2},{Codeword, Stream3}]
[{Codeword, Stream2},{Codeword, Stream4}]
[{Codeword, Stream3},{Codewod, Stream4}]

37| [{Codeword, Stream1}, {Codeword, (Stream?, Stream3)}] =20 3 0]
“i ) [{Codeword, Stréam2}, {Codeword, (Stream3, StreamA)) ] -
w2727 [{Codeword, Stream1}, {Codeword, (Stream3, Stream}..-: o i

....... P B IP PR JPR

o TTColoword, (Steamt, Steam)}, {Coleword, (Steanm3, Steamd)l]| 3
[{Codeword, (Stream1, Stream3)}, {Codeword, (Stream2, Stream4)}]

‘ - | [{Codeword, (Stream1, Streamd)}, {Codeword, (Stream2, Stream3)}] |
S e e e e 16

In’ Table .12, the added combinations are denoted by

. r:"‘i.“i. TR

o shaé"lerd‘ pa:_r‘ee.; |

50 ; In - k’t'h‘.ev l“ﬁeenfimez; for ‘aﬁotll'ljer‘;j:‘ exampleé; - two
eonbiﬁationé . can. be “"agldeid *i:Ao‘ Table 410,‘.‘. S0 ;j:.,héilt it lS

. ae-eumed “that ,6‘1*‘11? 'él.i'c,ce.se'i‘ve “ nﬁ'mbei:s are. ISe::LebteE:i from
."_\_a‘mjor;g‘- thji‘;t:ee.:—‘sftr"e?amJ-c‘c":n{bine:ti;bn‘s‘.. B In o‘t‘h'er' words,lt is

: assumedthat the -o‘i%.ders of “Spre_ém‘l‘:,': Stream2, andStreamB",
10 and “Streamz,StreamB, end Stream4 " a.re selected Inthe

" Gase/of addirg a specific case of a combination employing.a.

Stream3) 3 ,
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JIn the .casé of “,adding anothef ‘case of lé. cor;ibination
employiﬁg two codewc')rds, [{Codeword, Streaml_}’, {codeword,
(Streamz, vStr.e.amB).}‘] and [{Codeword ‘Streémz},' k{Codeword,
(Sﬂ‘tréar‘nSA ‘S‘t:riealml?c)y};] may be added. Thé ‘abox‘re .mentionea
5 ' comblnatlons can be shown in the follow1ng Tables 13 and

1l4:

[Table 137 .

f ‘ “ — 4 Hof
Codewords | Sireams Conbxpaﬁon details | aceurrences

"1 | 1. |{Codeword, Streami}, - S 4

. {Codeword, Stream2}, o S :

| {Coteword, Stream3},

- 1 {Codeward, Stream4}

: 2 [ {Codeword, Streaml},{Codeword, StrcamZ}] — PR 5
- [{{€odeword, Stream]},{Codeword, Stream3}}. - = - '
[{Codeword, Stream1},{Codeword, Streamd}]. -
[{Codeword, Stream?},{Codeword, Stream3}] . -~ -
[{Codeword, Stream2},{Codeword, Streamid}] =~
: »:[{Codeword,StremnB} {Codeword,Stream4}] : e SR |
7273 {Codeword, (Stream; Stream?, Stream3)}, ) T
ri] {Codeword, (Stream?, Stream3, Streamd) -5 R o
{Codeword, (Streami, StxeamZ Stream3 Stream4)}' IR

| i 2 | -4 . |[{Codeword, (Streaitil, Stream2)}, {Codeword, (Stream3, Stream4)}]. 3
. | [{Codeword, (Stream], Stream3)}, {Codeword, {Stream?, Stream4)}] |
4 [{Codeword, (Streaml Slream4)}, {Codeword, (StreamZ Streamd)}]| -

........
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| Codewords | ‘Streams -ConBination detaiis' ’ | S # of
— occurrences

1| .1  |{Codeword, Streaml} o S 4
: ~ { {Codeword, Stream?}, R ‘

[ {Codeword, Stream3},

{Codeword, Stréam4} . ‘ >

7 [{Cotoword, (Stcaml, Stream)], - e

{Codeword, (Stream, Stream3)},
{{Codeword, (Stréam1, Stream4)},
| {Codeword, (Stream2; Stream3)},
"1 {Codeword, (Stream2, Streamd)},
{Codeword, (Stream3, Streamd)} -

{Codeword, (Stream1, Stream2, Stream3 Str‘eamtt)} T 1

."-', L,..)-J &

2 73] [{Codeword, Stream1}, {Codeword, (Stream2, Stream3)} |
[{Codeword, Stream?2}, {Codeword, (StreamB Stream4)}] IR
© 4 |[{Codeword, (Stream!, Stream2)}, {Codeword, (Stream3, Stream4)}]| . 3 '.
[{Codeword, (Stream1, Stream3)}, {Codeword, (Stream2, Streamd)}]
. ' [{Codeword, (Stream], Streamd)}; {Codeword, (Stream2, Stream3)} ]
B T i T 16

o 1;1 Tables. A13 ‘a'h'c‘l-f 14the aaaeq,-eombiqetioné are
,~'.denoted by shaded partsr | ST .'
15':.‘1" . ,.  In the meantlme, enether embodlrﬁent of the p.resent"'v '

) nventlen consn.ders a grouplng of ‘streams be a
'.ratlonal method for llmltlng the numbar of . comblnatlons
-‘between Eei4codeword ,and a stream, 'and: e( detalled:

deeerlptlon thereof w1ll herelnafter be descrlbed

) . '«3'-: ‘f,. : L
"r a'tennas are used for the MIMO technolOgy,n..‘

‘theé ifdi 51 ennas . ,must conflgure un: ue_,channelf’.‘
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implement an ‘optimum status. For- this purpose, the

H

individual antennas are physically spaced apart from each

"other.

However, the streams are grouped by various reasons

.when the antennas are actually used, so that antennas

conteined in each group may correlate with each other.
FIGS.. 16A ~ 10C shown,a variety of methods for
groubing hnltiple antennas inlnarions ways.
FiG, 10A'snows anjideal‘caseAin which fouf entennas:
eonfigure independent chennels' withont any - grouping.
Howevefflﬁour antennasg are_spaoed apart itom each othe:

by a pxedetermined distancef*so"thatla transmitter or a.

‘receiver ‘may ‘have insufficient spaoe; to configure~
‘independent channels. Spec1flcally,“it is difficult for‘
'the-IStructure.'of FIG{ 10A to be applled. to a xmoblle

Ttermlnal

In order to solve the above mentloned problem, the‘

'structure of ETG 10B has been w1dely used A In thlS
,structure of FIG 1OB tWo antennas are grouped antennas

of each group have related channels,'and otner antennas

th d%fﬁerent. groups have 1ndependent channels _Ténad.

1OC may also be used to solve‘
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- diversity " (cPD) - scheme, anténnas of one group: are

-horizontally polarized, and antennas of-the .other group

are vertically polarized.
. In another antenna-grouping example, if a’ to_tal of

4 antennas are used, channel oon‘dit:ions of two antennas

.are stably measured, and ‘channel ~ conditions of' the

remalnlng two antennas are unstable ‘€0 that an error
frequently occurs in the remaining two antennas. Under

this situation, antennas having a  stable  channel

.condition are grouped, and the other antennas having an

unstable channel condltlon are grouped so ‘that the .four
antennas are grouped two by two

As desc.rlbed above, lf the antennas are grouped and

limited, streams correspondlng to the antennas are also

1imited, . ‘an‘d' it can be- recognlzed that predetermlned‘

streams are grouped

'I'herefore, one embod:.ment of the present lnventlon

.prov:.des“‘a method - for 1imiting ,the number “of all

‘comb:x.natlons between a codeword and a- stream. ;Ifn_ 'mor-e,

detall i the above mentloned embodlment llma.ts the number.'.

;of streams, each of wh:Lch transmlts a. s1ngle codeword

:Shown 1n Tab-e:: 4 and 5 : and groups streams.

PCT/KR2008/000074
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above-mentioned ewbodiment controls the single codeword

to be transmitted via the streams contained'in a single -

‘group, so that the number of comblnatlons between a

codeword and a stream 1s reduced A detalled descrlptlon

Cof . the above mentloned. embodlment will herelnafter be‘

described,

In'a.detailed exampie;kit4is assumed~that a first
stream 1 and a eecond stream 2 form a 81ngle group, and a
thlrd stream 3 and a fourth stream 4 form another group

In this case,.according to one embodiment of the present’

“invention, if a single codeword is transmitted via two

streams, this codeword may be allocated tO‘only a Sihgle
group, and all the llmlted comblnatlons are shown in the

follow1ng Table 15

* {Table 15]
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Codewords { Streartis | Conbination details ‘ #of
o : , occlirrences

1 ¥ {Cadeword, Streaml}, ‘ L4
A - |{Codeword, Stream2}, : o
{Codeword, Siream3},
| {Codeword, Stream4}

2 | {Codeword, (Stroaml, Swcam2)], '
{Code,word?'(streaxn.'},Strcamz%)-} C .

2 2 }[{Codeword, Stteam1 }, {Codeword, Stream2}]
1 [{Codeword, Stream] }, {Codeword, Stream3}]
[{Codeword, Strearn1 },{Codeword, Stream4} ]
[{Codeword, Stream?2},{Codeword, Stream3}] -
[{Codeword, Stream2} ,{Codeword, Streamd} |
[{Codeword, Stream3},{Codeword; Streamd} ]

3 {{{Codeword, Stream1},{Codeword, (Stream3, Stream4)}] . 4
{{Codeword, Stream?2},{Codeword, (Stream3, Stream4)}] - . :
[{Codeword, Stream3},{Codewdrd, (Stream], Stream2)}] .
{ {Codeword, Stream4},{Codeword, (Stream!, Stream2)} |

4 - |[{Codeword, (Streaml, Stream2)}, {Codeword; (Stream3; Streamd)}]| 1 -
f S e T T T ) R

Wii:l{x,"ref:ereecé to Tabie .1'5.,: if a méxim‘l.lm A‘nﬁm.be"r of .

' ‘co'dew'e‘r‘dsfi's‘;_" 1, thenumber Of. agveil'able éomlle‘ieetioh‘s-i“s" 6.

5 If a maxn.mum number of codewords lS 2, :the numberof

a%reili'able ~ comblnatlons 'is 11, ‘4 >'s‘o 1‘ that a total of - 1'7
combinations are "m,é;ql‘ggé,vaillab-ie,;‘-: A

Therefore, as descrlbed e.be'x:re,' 3_f a snzgle codeword

" is transmitted Via a maximum Of 2 streams, several:

410" streams are grouped two by two, and the single codeword’

“two “Streams, : the present :invention:
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streams égntaiped in thé sé&é gfgﬁp. In this-caée,Aail
codeword-stream cqmbinations can be denoted by é maximum
of 5 bits (2% =16 < 17 < 29=32). .
| In the meantime, accqfding to anbther embodiment of
the present invehtion, if the cémbinatiOn"betﬁéen ‘a
codeword and a streém is limited and at.thé saﬁe‘time

several codewords are transmittéd in association with Table

415,'the ab6Ve¥mentiQned émquiment allows the~cédewbrds:to

be transmitted via streams Qf-differént groups, -or- allows
the codewords to be transmitted via streams of the same

group, so ‘that the - ﬁumﬁé: '0f . all  codeword-stream

combinations can 'be further reduced. A detailed

description = of the - above-méntioned  embodiment ~ will

_hereinafter be-described.'

In éssbciation'withATablé 15, if several codewords

-are ‘transmitted to -£urther?~redu¢e“ the number - of Bi;s'

required for - indicatihg all . combinations, i.e., fifq two
codewords. .-are’ 'tréhsmitted) individual ccdéWords‘-'are”

transmitted via streams .of differeht‘3§roups ot other

1stpeams"q£;the,sgmeggrbﬁp, 80 thatAthey:areairansm;t;édAviaf

‘different;channel environments, resulting in acquisition of
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may indicate that streams having the .same or similar

channel environments -in their grouping are grouped ihto a
single group.  Thé other case in which two codewords are

transmitted via streams of the same group:ﬁay indicate that

atreams having ' different channél environments in their

grouping are grouped into a single group.. . In other words,
if two codewords are transmitted via different chanﬁel

environments, they‘aré'pransmitted via streams of different

groups or other streams of the same group according to’ a

stream grouping méthod.
Iin assoc1at10n w1th Table 15 if a first ‘stream 1

and a second stream 2 conflgure a 31ngle group, and a thlrd

' stream 3 and a fourth stream 4 conflgure another 81ngle

group, the above mentloned case . 1n Wthh two: codewords are

N

-transmltted via- streams of dlfferent groups can be denoted"

;by the follow1ng Table 16

[Tabie lé]

PCT/KR2008/000074
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Codewords

Streams | Conbination details # of .
S occurrences

1 1 {Codeword, Streaml}, ‘ . 4
-{Codeword, Stream?},
- {Cadeword, Stream3},

{Codeword, Stream4}

2 |{Codeword, (Streaml, Stream2)}, - N
{Codeword, (Stream3, Streamd)} ‘ ' :

-} [{Codeword, Stream!}, {Codeword, Stream3}} -
1 [{Codeword, Stream1}, {Codeword, Stream4}] -

2} ({Codewdrd, Stream2},{Codoword, Stream3}] -
[{Codeword, Stream?.} {Codeword, Stream4}} o

3 [{Codeword, Sn'eaml} {Codeword, (Stream3 Stream4)}] . 4

‘ [{Codeword, Stream2},{Codeword, (Stream3, Stream4}}] ‘

{{Codeword, Stream3},{Codeword, (Stréam1, Stream2)}]
[{Codeword, Streamd}, {Codeword, (Streaml Stream2)} ]

4 [{Codeword, (Streaml StreamZ)} {Codeword, (Stream3, Stream4)}] 1

.............
....................

P CPYCIN AR D PRSI AT
. S Sk e R I R I e R ..,.‘.,,., -_.,.“.'.'...‘. S P
QUMY - T e e PRI 1S
*a Y e e e e Rt e e, . e T T T e e e * . . R - - Tret .’ .- .' e "-"' “"'

10

. maxlmum number of codewords :'is‘ -2,

. comblna.tlons : .;Ls 9

In Table 16, ﬁheiim:i,ted parts are denot‘_.éd. by shaded

parts.

- Wlth reference to 'I‘able 16, if a- max:Lmum number off.

: codewords is 1, the number of all comb:.nat:.ons 1s 6 "I':E.“a,.'”< '

'so that a total of 15 comblnatlons are '

metie' ava'illablle Therefore, 1n the above—mentloned example{t.

of ‘the p'regeﬁﬁ'.‘i'mr‘enti,cn,; a ma};;mum Aofﬂ 4 -b;ts (228 < 15 .-

PR

the number of all.A S
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In the meantime, the above-mentioned case in which
two codewords are transmitted via gtreams of the same group

can be dencted by the following Table 17: - .

5 - . [Table 17]

| Coiiewords Streams Conbination details ‘ - - : %é (‘fgxrr onces
T 1 |{Codeword, Streaml}, . | 4

: | {Codeword, Stream?2}, Co A
{Codeword, Stream3},
| {Codeword, Stream4}

2 | (Codeword, (Sweaml, Stweam2)}, . | 2
{Codeword, (Stream3, Streamd)} g o '

[{Codeword, Streaml} {Codeword, StreamZ}]

........

: [{Codeword, Streaml} {Codeword, (Stream3 Stream4)}] 1 4
{[{Codeword, Stream2},{Codeword, (Stream3, Stream4)}}.

[{Codeword, Stream3}, {Codeword, (Stream1, Stream2)}] -

[{Codeword, Stream4} {Codeword, (Streaml Stream2)}]

R R [{Codeword, (Stteaml StreamZ)}, {Codeword, (Strcam3 Stream4)}] b
e ey

o In Table 17, }the ilimit}:.‘eé'iéa{r‘ts'a.‘re clienot’ednby shaﬁéd
parts. . o B
10 ,‘ S L With '.3réf6rénée to,‘ Table 1~"7, if a tﬁaxirﬁum number of
| COdewords :1.s 1 the number of -all comblﬁatlons :Ls.6 ?A~'I"f :a.<
“"t'nax:.mum ﬁumber of codewords 13 2, the number of allih.'

35COM1nat o‘ns lS’,.7,

‘ so :that ;'.a'vtotal of 13 comb:t.natlons 'are_" -
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< 2* = 16) arée required to indicate all combinations
between a codeword and a stream.

In the meantime, another embodiment of the present

"in,ventionlp'rovides a method for Ilimiting ﬁhe nufnber of

codéwords or streams in association with Tables 4 and 5.

In wore detail, the above—mentiohed embodiment limits the

number of Tx streams via which a “single - codeword 'is

‘transmitted, groups streams using Tables '15~17, allows et

least two streams to be transmitted via at least two
codewords, and allows a receiver to perform the SIC scheme

related with FIG. 7', so that it. reduces the number. of all

code'word—«s',tr'-eam combinations and ~improves ' ‘a decoding

performance of a Rx s:.gnal
Iin o.therwords, in assoc:Latlon w:Lth FIGS. 7, 84, an'd

8B, 1f several streams (e g two. streams) are transmltted

'and the’ 1nd1v1dua1 streams have _'Lndependent codewords, a Rx

: ‘s:Lgnal recelv:l.ng the 1ndependent codewords may 1mprove a

decodlng performance of each codeword However, Cif a’

s:Lngle codeword is dlstrlbuted to. the 1nd1v1dual streams.

-~'and be then transmltted a recelver 1s unable to performA

that t" e
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[Table 18]

P ) e #of
Codowords Streams Conbmatlon detaﬂs o oceurrences
1 1 {Codeword, Streaml} ‘ - o 4

: {Codeword, Stream?}, 4 :

{Codeword, Stream3},
{Codeword, Stream4}

-

2 2 |[{Codeword, Stréam1}, {Codeword, Stream2}] : R R
- | [{Codewiord, Stream1},{Codeword, Stream3}] '
[{Codeword, Stream1},{Codeword, Stream4}] =
[{Codeword, Stream2},{Codeword, Stream3}]
{[{Codeword, Stream2},{Codeword, Stream4} ]
[{Codeword, Stream3},{Codeword, Stream4}] .

3 |[{Codeword, Stream1},{Codeword, (Stream3, Slream4)}] ‘ b4
[{Codeword, Stream?2},{Codeword, (Stream3, Stream4)} ]
| [{Codeword, Stream3},{Codeword, (Streami, Stream2)}
([ {Codeword, Streamd}, {Oodeword, (Stream], Stream2)}] -

4 [{Codeword, (Streaml StreamZ)}, {Codeword, (Stream3 Stream4)}] 1

.................

NN RIS R At " L PRC RN
. P ERURS A R AR O A A e S I A AP IR I M P VR AP R R M R N T T, . A
g R e Y A AN A RV A .l _.

I e e e s e e e i e e S
- . a0t . . RS PRI R R SR . . R i S T R i I R R R AT L . .

%L NI AR - - . N N A e A N R I A N I N '.‘J Sova Y I

W:Lth reference to Table 1s, 1f amax:l.mumnumber ‘Of."
,oodewords ":‘iv._s-‘ 1, 'Ath.e:’ number of all "oo'déwoid :stre:aim.,f
ootﬁbinationS' is :'4- if a maxlmum number of codewords 1s 2
) the number of all codeword-stream comialinatlonen Als 11 :
that a total of | 15 combinatlons B are made 'aval‘lable

10 ',“I'herefo‘re, :Ln the above mentloned example of ‘the’ present

'invention, a m"aximum of 4 :bits (23 =8 <= 15 ‘<‘:2‘4 16) of a--Ai‘ L

}flcontrol "S«:Lgnal are requ:.red to 1ndicate all conlblnatlons“ Lo

:between & cod WO
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The ab@vé«mentioned embodiments« of - the preeent.
invention 'assume':that‘ a single—usef MiMO coﬁmunicatien
system isA used. ‘Houevery in the caee of coneidering‘ a
mu;ti-user MiMQ cemmunication system, a eondition between a
codeword end a stream may be changea to another condition.

Anether embodiment of the present invention proviaes
a mwethod for Arationally limiting the 'number 15f' all
eodeword—stream combinations inzeonsideratien ofhthe.above—
mentioned. multi—ueef ' envitonment} .end. e aeteiled‘A
'descriptionJthereowaill hereinaftex be described.

In order to acquire a multi—uset divetsity gain from
the multi—user MIMO communication ssystem, a . eearehing
process’ for users hav1ng channels orthogonal to.each other
fis .of importance. If a S1ngle user uses all streams, a

31ngle user MIMO system 1s nmde s6 that the user cannot

&"

: acqulre a multi-user dlver81ty galn.- In order to 1mp1ement

the multl user MIMO communlcatlon system, 1t<1s preferablee

fthat the number of streams- capable of belng used by each-

'Auser be reduced

: Thls embodlment of the present 1nvent10n 11m1ts the‘

number of all codeword-stream comblnatlons to effectlvely;

'acqulre a multl user,dlver31ty galn from'the‘51ng1e user or"

miltisuser MIMO“communlcatlon system'“? For the convenlencef
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streams is 4 and a maximum number of codewords is 2 in the

following‘examples.

Preferably, the multi-user MIMO communication system
may select users having channels orthogonal to each other’

from among several users. However, in fact, there is a low

probability of selecting only the orthogonal ugers. The

multi-user MIMO communication system has a high probability

of selectlng users hav1ng channels orthogonal to each other,

so‘that it can be more stably operated

FIG 11 shows the number of avallable streams of a
user in a multi-user MIMO communlcatlon system

Referrlng to FIG. 11, if a slngle~ user5 uses - at 4:

least two streams, another llmltatlon is - applled. to a

'user s selectlon process

In other words, 1f a 81ngle uSer uses two ‘or more

streams,x channels paSS1ng through all fstreams of‘la,

‘ correspondlng user must be orthogonal to each other.’.The

user who uses two or more streams must be selected from
among several users . satlsfylng the follOW1ng condltlon,

Thereafter, a process for searchlng for speC1f1c users

havrng channels orthogonal to each other from ~among

users must be performedfﬁ In thlS case,
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In more de'tail, as shown in'FI‘AG' 11, if a first

user 1 uses a flrst stream 1 and a second stream 2, two

'channels of the first user 1 employing the ‘first and

second*streams 1 end 2 must be.orthogonal to veach other,
and the first user 1 mtst be selected from amoné users
who satisfy the above -mentioned orthogonal condltlon

‘A channel of a second user 2 employlné althlrd
stream 3 must be orthogonal to a ohennel 'of a third user
employing a fourth stream 4, the‘ process for E seleoting'

users who satisfy the  above-mentioned orthogonal

.condition is more difficult than that of another case in

which all users use a ‘sing'le.stream. Therefore, in order

to support the above mentloned case ‘in whlch a sn.ngle

user -uses several strea‘ms, the above mentloned operatlon

can be eas:Lly performed under the condltlon that manyw

..more users ex1st

.Therefore,. in order to eas:Lly select des1red users

in  the mult1 user MIMO communlcatlon system, one
embodn_ment of the present 1nventlon allows a s:Lngle user;'
- to use. only one stream to llm:l.t the number . of all

Acodeword stream comblnatlons .In th:Ls case, avallable )

e:sented 'by the follow:.ng Table 19~: :

PCT/KR2008/000074
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[Tabie 19]
Codewords. Streams | Conbination details - - A i of
: ‘ | occurrences |
- b {Codéword, Stream1}, : : ' 4
1 {Codeword, Stream?2}, - ‘
{Codeword, Stream3},
{Codeword, Stream4}
A

As can be seen ﬁtom Table 19, in ohder te ‘easi;y

5 sele’ct ,'a .desired 'user in: the mhlti-jﬁser_.- MIMO .
cqﬁmuﬁication systeém, the above—ﬁentienaj embeaiment ef‘
the present invention limits the number of codeword—-'
stream cembinations 80 that a, single 'user canj use onlyl
one stream. In this case, the rnﬁmber of all -combinations.

10 is 4, and can be denoted by a maximum of 2 bits (2" <4 <

In the meantime, in aesociation with Table .19‘,‘ -the ‘
Aabeve-mentloned embodlment of the presentv :anent:Lon allows'
a s:;.rtgle user to use only one stream, 0 that the mult:.-
15 AA'user MIMO c'ommum.'catlon -syste.m can A easn.ly select an
:i‘orthogonal channel between users, 'however, 1t should be

noted that a maxn.mum peak-rate of each user may be damaged., ,

There‘fore, 1n Order to solve the ‘above-men_ oned"'
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individual streams to use different codewdrds. A detailed

~description of the above-mentioned embodiment will

_hereinafter be described.

Iﬁ'more detail, providéd that a‘singie user uses twé
streams, a maﬁcimufn peak-rate qf eagh user can be*;ihigher
than ‘that of the case shown in Table 19. Also, the above-
mentioned embodimen’(: of the present invention allows 'the.
individual streams to use different codewords, and applies
the SIC scheme to a Rx sighai received in a réceiver,.so
that it can improve a decoding pe;-fomance‘

Under this situation, all combinations between a:

4codew<‘3rd and a ‘st‘re:am can be r.epréseﬁted by‘ the following

‘Table 20:

[mabié‘zdi

'deewo.zds' Slreams Conbmattondetaﬂs o L . fof: - °

| ocurrences

2 | 2 {{Codewom,sueaml}{Codeword,sueamz}] R AR

- {{{Codeword, Stream1},{Codeword, Stream3 }]
1 {Codeword, Stream1},{Codeword, Streanid}]
*. |[{Codeword, Stream2},{Codeword, Stream3}]
| [{Codeword, Stream2},{Codeword, Stream4{]

o,

. [{Codeword, Slream?a} {Codeword, Streamd4}]

ﬂ
R
A

ke
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With reference to Table 20, the number of all
codeword-etreamAcombiﬁetions is 6, and can be dencted by e
maxinum of 3 bits (2'2:4; < "6 < 23 =8_);

InAthe meantime, in association with Tabies119 and

5 20, the above-mentioned embodiments of the present
inventioﬁ have | the aferementiened "adﬁantages 4and
disadvantages. A multi-user MIMO communlcatlon system‘f
.accordlng to another empodiment of the present 1nventlon
‘accommodates a codeword*stream comblnatlon to which. the

10 advantages and disadvantages are applied, and may
selectively use the eoﬁbination Aaceording- te various‘
.Situatioes; o

In thie dase, all comblnatlons between a codewordu

and a stream can be represented by the followlng Table 21

R
G meble o
| CﬁdewbnﬁifStggnm‘jConbumhandewﬂs . o .Z~f‘ o ﬁégtnﬁuwé
T 1. | .1 [|{CodewordStreaml}, . %
S [ {Codeword, Stréam2}, - : A
{Codeword, Stream3},
) T,{&mwmiﬁmmM} : : o 1o
T2 2 [{Codeword,:Streaml},{Codeword, sueamz}]‘, R B
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In this case, as can be seen from Table 21, if a-
single user uses a single stream, 4 combinations are madee
ayailable.‘ If a single user 1uség ' two gtreams, - 6
cOmbinatith are made available, so that .a ﬁotal Aef iO
combinations are made available. Therefore, the above-
mentioned .combinati_ons. can be denoted by a maximum of 4‘.
bits (28 < 10 < 2* =16)"

The above-mentioned‘ eﬁbodiments' haVe"discldseé‘ a-
.logical method.4for reducing the number -of combinations
between alcoaeWOrd and a stream. |

In 4£he meaﬁtiﬁe, 'one embodiment of 'tﬁe pfeéent
1nventlon w111 dlsclose a method for. addltlonally redu01ng”

4 the number of codeword‘stream comblﬁatlons in. c:o:nsu.derat101'1 '~
of“an*Rx=theme apd‘Rx—performanceiqf.a ;ecelver{Aandda
'dé‘fca.ijlig@aésér‘ip'tiég'theréé-f w1ll :h_:e,a':'e‘ina..ft;er be dégc’ﬁﬁe@f.’- :

| 'iﬁ ah éle-eaeed-¥eeei§er ig-used ésie‘?e;eiQefief;“
iﬁheﬂ;p;eeeﬁtl inthﬁion' and s§v§£a1< éeaeWo?as“exieﬁi:}eh'
overa11 system ;péifoxmgnc‘e, way be changed | accordlng ‘to"the-
 pro£eetien biderzof the codeﬁords. Therefore}:ﬁﬁe or@er'eflkt

: “;codewords 1n each comblnatlon must be con81dered

"7;_4F1rst1y, as shown 1n FIG SA 1f ar max1mum number offh

ﬁs'4 andja.max1mum n mber of codewores 1s 2, the"
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1f the number of antemnnas is 4, i.e., if a maximum -
number of streams is 4, a maximum nunber of codewords is 2.

In this case, all available codewbrd—stream combinations

are shown in the following Tdbles 22 and 23:

[Table 22]
Codéwords Streams. Conbinaﬁon’ defails - | #Of
ot ‘ o . _ | occurrences -
1 1 - {Codewordl Sireaml}, S - ] 4

{Codewordl, Stream2}, -
{Codeword]1, Stream3},
{Codewordl, Streamd}

2 2 . {{Codewordl, (Streaml, Stream2)}, - 6
- ‘{Codewordl, (Streaml, Stream3)}, :

{Codewordt, (Streaml, Streamd)}, - -
| {Codéwordl, (Stream2, Stream3)},
{Codewordl, (Stream2, Streamd)},

| {Codeword!; (Streatm3, Strearnd)}

"3 |{Codewordl, (Streamt, Stream2, Stream3)}, .- T
o |{Codeword], (Streatnl, Stream3, Streamd)}, - S A

-|-{Codewordl, (Stream1; Strearn2, Streamd)}, . .
' '{Codewordl (StreamZ StreamB Stream4)} '

i T 4 ‘.ﬁ{Codewordl (Streaml Stream2 Stream3 Stream4)} o l X
e e ey s I

“[Table. 231 .
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Codewords Sfreams:

Conbination details -

#of
occurrences

2 2

[{Codewordl, Stream !}, {Codeword2, Stream2}]
[{Codewordl, Stream2}, {Codeword2, Stream1}]
[{Codewordl, Stream!}, {Codeword2, Stream3}]

- [{Codeword!, Stream3}, {Codeword2, Stream1}]

[{Codeword!, Stream1}, {Codeword2, Stream4}]
[{Codewordl, Stréamd}, {Codeword?, Stream/}]

| [{Codeword!, Stream2}, {Codeword2, Stream3}]

[{Codewordl, Stream3}, {Codeword2, Stréam2}]
[{Codewordl, Stream2}, {Codeword2, Stream4}]
[{Codewordl, Streamd}, {Codeword2, Stream2}]
[{Codeword!, Stream3}, {Codeword2, Stream4})
[{Codeword], Stream4}, {Codeword2, Stream3}]

12

- | [{Codewondl, (Strean3, Szeimd)}, {Cotlviord2, Strean
| [{Codevil, Stréams3Y, {Codeviord2, (Sream, Stcam)}]
| F{Codeword!, (Steami, Sreaimé)}, {Coteword?, Sreamd)]
F{Codewordl Stiearn3), {Codeword2, (Stream?, Sireamd)}] -

[{Codeword!, Stream1}, {Codeword2, (Stream?, Stream3)}]-
[{CodewordL, (Stream?, Siream3)}; {Codeword2, Stream! }]
[{Codeword!; Stream1}; {Codeword2, (Sfream2, Stream4)}].
[{Codeword1, (Stream2, Stream3)}, {Codeword2, Stream!}]

- | [{Codevordl, Stream1}, {Codeword2, (Stream3, Streamd)}|
| [{Codéwardl, (Stream3, Stream4)}, {Codeword2, Stréaml}] . -
| [{Codewordl, Stream?2}, {Codeword2, (Streaml, Sticam3)t]

| {Codcordi, (Siréami, Stream3)}, {Codeword2, Stream2}]
{{Codewordl, Stresm2}, {Codeword2, (Siream; Streamid)}] -
[{Codeword!, (Siteari3; Strearti4)}, {Codeword2, Stream2}]

[{CotewordL, Sireani2}, {Codewordl, (Strear3, Strcamd)}] - -

]

[{Codewordl, (Streani2, Sireamd)}, {Codeword2, Sireari3}]

[{Codeword1, Sif

Ok {CDdCWOIdZS&wml{] ,

Jodewordl, Stfeam3), {Codeword2, (Streamd, Siream)i]. .~
- | [{Codeword!, (Stréam, Stréamd)}, {Codeword2, Streani3}]
1{Codeviond1, Streani4}, {Codeword?, (Strcamt, Stream )]
[{CodewordL, (Stréam, Stream?)}, {Codeword2; Streand}]
[{Codgword!, Streamd}, {Codeword2, (Streamil, Siréam3)}] -
[{Codeword1 (Stream, Stream3)}, {Codeword2, Streamd}) - |~}
-+ {[{Codewordl; Siréamd}, {Codeword2, (Stredm2; Steeami)}] - .~ . | 0 v
: " T{Codewiord], (Stream?, Stréam3)}, {Codeword2, Streamd}] . - © o} .. = |

%
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2 4 |[{Codewordl, Streaml} {CodewordZ (StreamZ Stream3, Stream4)}]
| {{Codewordl, (Stream2, Stream3, Stream4)}, {Codeword2 Stream!}]
[{Codeword], Stream2}, {Codewordz (Stream!, Stream3, Stream4)} ]
[{Codewordl, (Streaml, Stream3, Streamd)}, {Codewordl Stream?}]
[{Codewordl, Stream3}, {Codeword2, (Streaml, Stream2, Stream4)} ]
[{Codewordl, (Stream1, Stteam2, Stream4)}, {Codeword2, Stream3}]
[{Codeword!, Streamd}, {Codeword2, (Stream!, Stream2, Stream3)}]
:[{Codewordl (Stream/, Stream?, Stream3)}, {CodewordZ Stream4}] -

{[{Codewordl, (Stream; Stream2)} {Codeword2, (Stream3, Streamd)}] -
[{Codeword1, (Stream3, Streamd)}, {Codeword?, (Strcam!, Stream2)}
[{Codewordl, (Streaml, Stream3)}, {Codeword2, (Stream2; Stream4)}
[{Codewordl, (Stream2, Streaind)}, {Codeword2, (Streamil, Stream3)}
[{Codeword!, (Strean, Streamd)}, {Codeword2, (Stream?, Stream3)}
[{Codewordl (Stream2, Stream3)}, {Codeword?, (Sticarn], Stream4)}

..............................
.....................................

S

...............................................................

Table 22 shows examples of individual combinations
when the nqmber of }codewords is 1. Table 23 showe
5 ‘exambles of individual combinetiops wheh the nuﬁber of

' codewords ie 2 | .
| The order of codewords 1n Table 22 or 23 1s denotedu
'-‘by_euccess;velpumbere.f The codeword number 1nd1cates a
.decgaind“o;deei‘wﬁeﬁ;.eu recelveri‘uses the SIC based
10 ,receivérﬂ ;Thefeefter; the codeword 1 is flrstly decoded',
'jéeisﬁown'iﬁ;fbeu7; an 1nterference 81gnal related w1th
'the codeword 1 1s removed from the Rx 51gnal and'then aﬁl

-codeword 2 1s decoded

ng - operation. is”
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cdding method is used, the antenna mapping operation is

changed according to the pre-coding order in association

with a éOrresponding weight vector. Therefore, ‘the
streams have a fixéd. order, so' that " the ofder: of the
streams in a combination must'aléo be indicated.

As can bé éeen from Tables 22 and 23, iflthe nunber A

of codewords is 1, the number of combinations is 15. If

the numbér‘of'codewofd is 2, the number of combination is

50, s0 that a total of 65 combinations are required.

Therefore, in order to allow all combinations without any

restriction under the condition that a maximum number of

- codewords is 2 and a maximum number of streams is 4, a

maximum of 7 bits (2°=64 < 65 < 27=128) are néededl

In the meantimé, as showi in FIG. 5B, .all codeword-

stream combinations provided when a. maximum number of

streams is 2 and a maximum nunber of codewords -is 2 are

as foiléwé:

j'Aé shéwnfin fiG} 5B, if the nﬁmber:¢f~§pt§nﬁasxis 2}
iugﬂj:fif';a,'mé#imgnfznu@be¥. of.4stgeéﬁé- is,‘Zﬂ"afﬁnaiiﬁuﬁ;x,
nﬁmbéi ‘éf .bbdéWOraS‘:iS“2;-' Alii:casés -of findividqal‘.7

conbinations ‘are shown in the following Table 24: -
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— " B P
Codewords | Streams | Coobination defails } : OCCUITENCES -

1 I | {Codewordl, Stream}, - | 2
, {Codeword!, Stream?} ‘ ’ ' '

-2 {Codewordl;z(Stiéaml,Streamz)}‘ ‘ I | . 1

2 2 |[{Codewordl, Stream1}, {Codeword2, Stream?)] ' 2
o [{Codewordl, Stream2}, {Codeword2, Stream1}] :

L. RIS AR . PR A A P A I MR LI N AR M I ML T R A S A ML P LAY S AL te e - e

Table: .-24 : .show‘s. all examples of individuel
| dbfnbinatioﬁs provided when the number of codewords is 1
or 2. |
As shown in Table 14, lf a maximum - number of
streams is 2 e:n_d a maximum number of code‘WOre}s is 2, a
t.etal of 5. coaekerdéstream conibinations ére needed " In
‘this“'c'as'e«,‘ :Ln erder to allow all comblnatlons w1thout any_"
] restrlctlon under the condltlon that the max1mum nuﬁzber-
zof streams e.s 2 and‘the max1mum number of codewords is 2,
‘a ﬁ\ax1mum Q,f‘3, blts (22.—.'4 < 5 ; 2A-‘-8) are ne,ededz ,H,o;wever,:
the : above~meﬁtione'd :cése‘mr:’iyz be coﬁsiderec.‘lv-tb be a subset ;‘
Aof the case in which a max:Lmum of 4 s»tl_fheaﬁﬁs shbwn in

,Tables 22 and 23 are used <‘1‘herefore’, if“*the' éboVe—,-

mef"tlo ed c se :Ln wh'ch a maxnnum of 4 streams are usedf,

11: ‘s ould be “no,;‘ed that;:--:;---'-~,..:.;':‘:
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this case can also be applied to another case in which a
maximum of 2 streams are used.

As described above, the above-mentioned case in

'Wthh the maXlnmml number of streams reguires a small

number of bits to 1ndependent1y indicate the combination
between a codeword and a stream, so that it is left out

of consideration. - Therefore, the following;embodiment of

‘the . present invention will disclose a method for

effectively indicating all codeword-stream combinations
with less number of bits on the basis of the above-

mentloned case in whlch a max1mum of 4 streams are used

‘If the comblnatlon between a codeword and a stream can be.

.denoted with 1less number of blts, 'Tx efflclency; of a

control eignal can be enhanéed[

As prevmously stated abOVe, if a given restrietion”

-acondltlon between a codeword and a stream 1s that a.
max1mum number of streams 1s 4 and a nmx1mum number of‘

codewords 1s 2 65 comblnatlons between the‘Codeword and

the stream are made avallable In order to 1nd1cate alI‘

-the 65 comblnatlons w1thout any restrlctlon, a total of-7

3b1ts are needed

?present 1nvent10n w1llf~

PCT/KR2008/000074
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"R}‘{A—‘performance of a ‘receiver, so that it can reduce the
nunmber of 1nformatlon pleces 1nd1cat1ng used combinations
from among all combinations.

FIG 12'<shows a simulation resuit 1nd:tcat1ng a
'dlfference in system throughput between a first case ‘in
which ohly one codeword is used and a second case in
‘which two codewords ai‘e.ueeden .the co‘nditihn that there
are several streams. - |

In. FIG: 12, A“'SCW” is an .abbre{riation‘ ef a Single
Codeword, “MCW” is an abbre\tiati'on of Multiple Codewords.
“I@ISE” indicates’ a specific case in which a minimum mean
square error (MMSE)—hased receiVer is used in a receiver.
"‘i}ﬂMSE+SIC" 'indica't,esA Athat a specific receivet 4c‘apa-ble of
é‘erfbfming' ihteffei“enée'A'caxié"ella‘tion“ bjr' apply‘fing’ the SiC*
~scheme to the MMSﬁ resaltant s:\.gnal is’ used 1n a recel'ver.
\\];OZI'/Ié}Cf' on a horlzontal axis 1ndlcates the ratle .of ..a
"'Tx.. Apowert of a NedeéB- to ‘an :Lhter'ference' poW?r. i?he ,ratao '
of the 'I‘x power to the i«ht:’erf,ere‘rice~‘<pc>'wer 'éan be“

calculated by a SINR and is phy51cally smmllar to the

SINR.

A deta:.led s:.mulatlon assumptlon of FIG 12 lS _as
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as the MIMO scheme. It is assumed that ‘“Pedestrian B

model proposed by the ITU is used as a simulation channel,

and a mobile termlnal has a speed of 3km/h aAnd, it is
assumed that an OFDM scheme is wused as a transmission

scheme, the ‘lerlgth of FFT 'is 1024, the number -of sub-

carriers actuall'y used for a bandwidth of 10MHz is 600,

and the size of a CYCllC prefix (CP) is 74
As can. be seen . from the result of FIG. 12, in the.

case of transmlttlng two st’reams, a frrst case in which

the two streams are distributed to two codewords has a

good performance superior to that of a second case in

~which the . two streams are transmitted via e single
‘codeword The above mentloned result has the same result
'1n the 1light of the number of strearns or codewords : If
N the above mentloned result lS generallzed the follow:mg

result . may be- acqurred.‘ ,' In other words,, ‘_l'f_ se‘vere.‘l

streame are used it iwm preferéble that ‘se-‘verel codewords

'1nstead of a s:Lngle codeword be used to increase an
overall system performance. Therefore, 1f several streams

are used to llm:a.t the number of all comb:.natlons between

a codewo:rd and a stream, one embodlment of the present

1nvent10n-.,"::prov1des a method for 11m1t1ng a comblnatlon

PCT/KR2008/000074
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In ,mor:e detaii; as déécri‘bed above, the above~
mentioned exﬁbodiment, “in which :a maXimum of 4 streams are
us,ed‘ arid.av*méxlimlllm of 2 codewords are used, may allow
'deéi'red data. to Abe‘_‘ 'tran's'miti:ed" Vié two4 co;iéwérds when the
codewor&~étream cémbiﬁétion has two or more streams.
The -Combinati.on‘ beﬁween a codeword and a stream
aécording to. ‘the above-mentioned embodiment of the
present iri\Vrention-‘ can be rép;eéénted by the following

Table 25:

" [Table 25

Codewords | Streams | Conbination details ‘ S | #of
| I , : L ocourrences
1 |{Codeword], Streaml}, - I 4

‘ (I {Codewordl, Stream2}, - - - - S
-] {Codewordl, Stream3},

- {{Coleword1, Strea}.

2 2 - |[{Codewordl; Stream}, {Codeword?, Stream2}] - . - N T o

Sl |iCodevordl, Steemy, {Cotoword2, Strearat)] - . T T

| [{€odeword], Stream1}, {Codeword; Stream3} ]

{{Codeword!, Siream3}, {Codeword2, Streaml}]- -

[{Codeword], Streanit}; {Codeword2; Streari4}]. -

| [{Cddeword], Sireamd}, {Codeword2, Streaml}]..

1{Codewordl, StreamiZ}, {Codeword?, Stream3}]:

{ T{Codeward!, Steaim3}, {Codeword2; Stréamd}] .

- H{Codewardl; Stream2}, {Codeward); Strearnd}] - -
1{{Codewordl, Streamd}, {Codeword2, Stream2}] - -

+ | [{Codeword], Stream3}, {Codeword2, Stieaind}]."
| [{Codewordl, Streamd}, {Codeword2, Streani3}]
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3 :{Codewdrdl, Stream1}, {Codeword2, (Stream2, Stream3)}} 24
[ {Codeword], (Stream2, Stream3)}, {Codeword2, Stream1}
%Codewordl,'Streaml}, {Codeword2, (Stream2, Stream4)}
Codewordl, (Stream2, Stream3)}, {Codeword2, Stream1}
{Codeéword1, Stream1}, {Codeword2, (Stream3, Streamd)}] -
[ {Codeword], (Stream3, Stream4)}, {Codeward?, Stream! }
{Codéwordl, Stream?2}; {Codeword2, (Stream|, Stream3)}] -
- {[{Codeword], (Streaml, Stream3)}; {Codeword2, Stream2}] -
{{Codeword], Streani2}, {Codeword?, (Streamil; Streamd)}] -
[{Codewordl, (Stream3, Streamd), {Codeword2, Stream?2}] - .
{ [{Codewordl, Stream2}, {Codeword, (Stream3, Streamd)}|
[{Codeword!, (Stream?, Stream4)}, {Codeword2, Stream2}] °
[{Codeword], Streami3}, {Codeword?, (Streamil, Stream2)}] -
[{Codeword], (Streaml, Streani4)}, {Codeword2, ‘St,reams;‘ :
{{Codewordl, Stream3}, {Codeword?, (Streamz, Stream4)}]. -
{Codewordl, (Stream, Stream4)}, {Codeword2, Stream3}]
[ {Codewordl, Streami3}, {Codeword2, (Stieam2, Stream4)}]
}Code,Wbrdl ,; (Streari2, Streanid)}, {Codeword2, Stream3}]
[{Codeword!, Streamd}, {Codeword2, (Streanil, Stream?2)}]
[ {Codeword!, (Streaml, Stream2)}, {Codeword2, Stream4} ]
[{Codeword!, Streani4}, {Codeword2, (Stream1, Stream3)}]
| {Codeword1, (Stream], Stream3)}, {Codeword2, Stream4}]’
[{Codevvord1, Streamd}, {Codeword2, (Stream2, Stréam3)} |
[{Codewordl, (Stream2, Stréam3)}, {Codewoid2, Streamé} |
4 |[{Codewordl, Stream1}, {Codeword?, (Stréam?, Streatn3; Stream4)}] 8
X [{Codeword!, (Stream?2, Stréarn3, Streard)}, {Codeword2, Stream1}]
{{Codewordl; Stream2}, {Codeword2, {Stream], Stream3, Stream4)§

4

[{Codeword], (Stream1; Stream3, Streamd)},.{Codeword2, Stream?

[{Codevword1, Stream3}, {Codeword2, (Stream!, Stream2, Stream4)}1

ri@dd@\,"lﬂr'dl% (Stream], Stream?; Stream4)}, {Codeword2, Stream3}} .

{[{Codeword!, Stream4}, {Codeword2, (Streaml, Stream2, Stream3)}]

[{Codeword], {Stream!, Streanil, Stréaml’a)}],‘;{gpd‘ew_or@, Streamd}]
_ |[{Codewordl, (Siream, Stream2)}, {Codeword2; (Stréam3, Streamd)}]

" { [{Codewordl, (Strear3, Streamd)}; {Cadeword?2, (Stream1, Stream2)} ]
! CddeWOrdl-'}(S.tif?aiﬁl,jStféﬁﬁi?)%; Codeword?, (Stream2, Streamd)}] | -
Ut COdeWotdl}gSth; Streanid)}, -{Codeword2, (Sireaml, Stream3)}] | -~

_{ [{Codeword}, (Streaml, Stréam4)}, CQQGW@@ZQT(SKWQS@@@?’W" e

“ | [{Codeword!, (Stream2, Stream3)}; {Codeword2, (Strearnl, Streamd)}] | .
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and there are reétrictions‘fof allowing - seéveral codewords
to be used instead of a single codeword, the number of‘

3

4 . . - R . : .
combinations is 4 when a maximum number of codewords is 1,

.the number of combinations is 50 when a maximum number of

codewords is 2, so that a total of 54vc0mbinations are

:needed. These 54 combinations can be denoted by a maximum

of 6 bits (2°-32 < 54 < 2°= —64) .

A‘ more ‘pfeferred "embodihent' 1ef ~ the present
invention provides ‘a method for fixihg.thetdeceding erder
based on ~the SIC scheme te redu0e4 the number of all
cembinations; |

FIGS. 13A ~ 13C show the simulation results of a

'reception~end performahce‘aqbording to the ordex foSIC

”deqdding “

It can be recognlzed that - all comblnatlons shown 1n

QTable 25 1nclude a'spe01f1c part 1nd1cat1ng the decodlng
‘order when the sIC. scheme is used in a recelver ‘In Qrder'
tho:{uand;cate' ,the‘f decodlné ' Qrder A“Qf : COdewordeh‘ ahd

;éséédiatea éIé recelver, the cemblnatlon betheenh-a'

“codeword and a stream is symmetrlcally repeated

&H{ngxexample;jaf_twO stxeams.{lJe,,;st:emngl‘an@h

PCT/KR2008/000074
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'elso exist.. The decoding~orders of the first oombinations'

~are symmetrically different frbm those of the .second

. combinations. The simulation result indicating a

pefformenoe<,difference between the First andA second
‘combinations is showﬁ'in FIG.' '13A. 'FIG. 13B shows a case
in which three streems are used, and‘FIG. 13C shows another
oase in whi¢h four streams are used. The simultaneoﬁsly
environmeﬁts of FIGS. 13A ~ v13é afe,‘difEErent in - the
'nuﬁber of antenﬁas,land'the reﬁéiniﬁélparts‘of FIGé; 137 ~
13C are equal to those of fIG;'lz,' In more detail, FiG.
13A shows two ‘antennas, FIG. 13Btshows thfee'antennas,.ahd"
‘FIG 13C shows four antennas, and. the remalnlng parts other
ithan the number of antennas are- equal to those of FIG 12.
Inlorder‘to analyze the 51mu1at;on‘resu1t,'the casge -
of FIG 13C‘tillustrstiné ﬁa-'péréormancé uéf ithé; CaSe
employlng 4- streams w1ll herelnafter be descrlbed |

In FIG 13A “Max” is a specmflc case in whlch all

*orlglnal comblnatlons 1nd1cat1ng the SIC decodlng order are

lncluded. “(12 34).L1 thilrst” is a‘SPeolf;c‘ﬁase/ int

thlCh streams X and 2 (or layers 1~andu2feL1'ande2“ere’

the streams 1 and 2 of the;;
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second codeﬁord 2 are decoaed. Ia‘tﬁistwayL t(34} 125-£3;
L4 first” is a specific case, ia which streams)B and 4 are
assigned to ‘a first oodeword' 1,. streams 1 and 2 are
‘assigned ,to a second codeword 2, the streams 3 and 4
corresponqing to the'first codeword 1 are firstly decoded,
.and then the other‘streams 1 and 2 corresponoing to .the
second codeword 2 are‘decoded,

Ag can be seen from the resulttof_ﬁlG. 13C, in the
case of ‘(12y34) or (34,12) 'in ‘which two streams are
;assigned to each codeword, there is almost no difference in
performapce between the case of (12,34).ahd:the other case
of‘(34,12jl | |

Also, in the case‘of (1?234) or~%234’1) intwhich~a

.s1ng1e stream ig ass1gned to a. 31ngle codeword and three:

streams are ass1gned to other streams, there 1s almost no:'
'dlfferenoe 1n order between the cage . of (1 234) ami thef

"case of (234 1)

In another aSpect the case in Wthh two streams areﬂ

‘ass1gned to each codeword has a good performance superlor:'

s;ngle codeword and three- streams ;are'

PCT/KR2008/000074
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,wﬁich all cases are allowed,' it should be hoted that their
perfornmances of the 'above—mentioned two cases are very
'.close to eech othe-f. I"herefore‘ in the peﬁrformance‘~a‘spect
it is preferable that. the SIC decodlng order be flxed to
only a predetermlned order, and a. max1mum of 2 codewords be:
selected by a. 51ngle codeword.

"FIG.: 133 shows. differerllt‘ performances when three
streame are gs'ed, in which a sihgle etnoeain is assi.gn;ed to a -
si‘n‘gle .codeword ahdtwo. streams are assigced to the other |
-codeword. In this case, it is moxre preferaiole that the
.codeWord c'omposed of the: two streams ‘be decoded after ,the
single - Stream 4has been decoded, | i‘eeu,lti.:ig in, -the
implemenf:a‘ci‘on of & ‘higher perfo_rmance;
| FIG 13A showe a pe‘fforfﬁaﬁCe when e.xtotal of 2.
st‘ree'rr'is":.e,r.‘e used in which ‘a s.1ngle etrearﬁ ‘J.‘s.a'ssa.gned to~
~.eec'hl: codeword In thlS‘ case,. 1t can. be recognlzed that.:
,' tihere“:"'i.s; ) al';nosi: ~no chfference - 1n perfortnance between.
decod‘ed cod'ewordef "viArres‘pectiVe of f;he ,deco‘chng order of :
,t:he codeﬁords'.: o |

‘ The f'ollowing. three ‘r.esult;'s_“a;'::‘e‘ . aéqu‘ir‘ed by the.

' .p{e;f‘o:;mances_,'O'f'.F-I‘G.S N l3A.~13C.

)

¢ ord ng to a'~‘f’ Arst result thedecodlngorderOf LT
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According‘ td a ‘second fesuit, df the nuwher. of
streamsAassigned to the first-codeword 1 is asymmetrical to
the number'of'streams assigned to the second codeword 2, a
'codeword‘with'iess number of streams froﬁ‘among the'first
5 and second codewords 1 and 2 is fifstiyt decoded. For
example, if the number of all combinations is 3, one
codeword has a single stteaﬁ and the other codeword:has two
‘streams, the codeword composed of only one stream is
firstly',decodedf Fot this‘,nurpose;' a single,Astrean1 is
10 assigned .to the 'first codeword 1, and two streams are
assigned to .the second codeword 2.
‘According to a thirdhresuit,‘a,maximum of 2 streams
are'assigned‘to a single codeword.
Ihi mofe 'detail‘f'according 'to this embodimentl.in
15' whlch a max1mum of 4 streams and a maximum of 2 codewords
| ~fare usedA 1t 1s assumed that the decodlng order of the SIC;_.
recelverlln all comblnatlons shown in Tables 22 and 23 is
‘flxed' fthe‘ allocatlon brocess hav1ng a* symmetrlcalﬁ
4'structute to 1ndlcate the SIC‘decodlng order.ls removed

20~‘and the SIC recelver flrstly decodes the flrst codeword ‘1

and then decodes the second codeword 2 ’ Namely, the term.'
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~ Also, if a tétal of 3 streéms exist, 4thé aibo‘vg—
" mentioned embodiment . coﬁsidérs onlyka s;;éciﬁic casé, in
whiqﬁ a siﬁgle st;:é‘am is assi_gned’t'o a f_irst‘coo'lﬂev}‘ord 1 énd:
two streaus a‘relassigdnet‘i to é secénd' ;:odeﬁord 2. And, if a -
5 totai of 4 streams e:;cist, the 'above~mentioned embodiment
considers only a specific case, in which two streams are
assigned to a fii:—{t codeword 1 and. thé remaining two
st'reams. are ‘agsigned to a second codeword 2 ‘
A detailed 'example aséoéiatéd with the above-
10 wentioned "e‘mbod“ime‘ntA ié éhowﬁ in. the following Table 26:

[Table 261

I . T T .
quewords Streamsr: Conbga@ogdgtm& SR e

[ 1 - 1{Codewordl, Streaml}, B | o

| iCotewordl Steam2y, -

{ {Codeword], Stream3},
{Codeword, Sream) - o

7| Codowordl, Sheaml, Sweand)), .- | &

~ |{CoderwotdL, (Strearl, Streamd)}; - ~

{Codeword!, (Stréaml, Stream4)},

| {Codeword]; (Stream2, Streamd)},
{Codswordl, (Streari2, Streamid)y,

| {Codeword1, (Stréam3, Streamd)} | R R b
e ?{CﬂﬂéWOEdz‘,z,'(Sﬁeaﬁﬂ;‘.,S,,tr'eamlﬁg,Strqgimt)'},;; SRR

1 b (% 4 R ! )

wordl;
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{Codewordl Streaml} {CodewordZ Stream2} IR 6
{Codeword\, Stream1},{Codeword?, Stream3}] ‘
{Codeword1, Stream1},{Codeword2, Stream4}]
{Codeword!, Stream2}, {Codeword2, Stream3}]
{Codeword1, Stream2}, {Codeword2, Stream4}]

{Codewordl, Stream1},{Codeword2, (Stieam?, StreamB)}] L 12
{Codeword1, Stream1}, {CodewordZ (Stream2,Streamd)}]
{Codeword1, Stream1},{Codeword2, (Stream3,Streanid)}]
{Codewordl, Stream2},{Codeword?, (Stream},Stream3)} ]
[{Codeword], Stream2}, {Codeword2, (Stream!,Streamd)}]
[{Codeword!, Stream2},{Codeword2, (Stream3,Streamd)}]
[{Codewordl, Stream3},{Codeword2, (Stream1,Stream?) ]
T{Codewordl, Stream3 },{Codeword2, (Stream,Streamd)} |
[{Codeword!, Stream3 },{Codeword2, (Sticam2,Streamd)} ]
| [{Codeword1, Stream4},{Codeword2, (Stréam1,Stream2)}]
[{Codeword!, Stream4},{Codeword2, (Stream1,Stream3)}]
[{Codewordl, Strcam4} {Codewordz (Stream2,Streamn3)} |

[
[
[
|
[{Codewordl StreamS} {Codeword2 Stream4}]
1
|
|
|
[

.................
PR PR I e N R P N R I AR R R A I SR A RN S
RS PR LA AP SRR R S i DI NP

3 [{Codewordl, (Stream1, Stream2)}, {Codeword2, (Stream3, Streaind)}] 3
[{Codewordl, (Streaml, Stream3)}, {Codeword2, (Stream?, Streamd)} |
‘ [{Codewordl (Streaml Stream4)} {CodewordZ (Stream2 Stream3)}] ‘
Sub SU.IHW .... o ‘; ..... o ,,,,,, o ..... P .... . 3' 6 A

10. .

Therefore, a detailed' emb'odiment of ‘the fprééeht o

invention ha:s“'a_ total of 36 cae»es, Which ~'~ai‘e'der'1'oted ‘b'"y“a: .’

r'nax'iirium ofj 'Gl'bit‘s ‘(2"'5:3'2 < 36 < 2"5-64-) In each case, the.,

fyx

,~SIC decodlng order lS f:.xed a s:.ngle codeword has a-

Vmax:n.mum of 2 streams, and a codeword w1th less number of._'

streams is- flrstly decoded in the case of ‘an asymmetrlcal

stream In the 1ight of - the number of blts of control - '

- 1nformatlon . :Lndlcatlng 'a'l'l comblnatn.ons, the above-

’.'.mentloned case as a ~ga1n of l b:Lt as compared to the casesz:z‘w-""‘
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applied to the abové—mentioned embodiment . In’other wordé,
"1f several streams are'used, several‘codewords are used, a
single codeword hés.a‘maxiﬁum of 2 streams, and a‘codeword
witﬁ less number of streamé is fixed to é first'cédeW§rd,
5 SO that‘thé-number cf all qombinations can be'limited:
| - Provided that thé‘SIC;based receiver is'used‘in a
receiver; éeverai codewords aré used when several,s;reaﬁs
are used, and a'sihgle codeword ﬁas a maximum of 2 streams.
In the caée of ah ésymﬁétridél stream, a codeword With.less ’
10 number of streaﬁs‘is fifstly déched, and,the SIC—decodiﬁg
order is‘fiXed; so that the number of allAcémbinatiqns can
“be iimitéd. H |
A detailed example’ assdciatéd with the above-.
_ménticned_deéqriptioﬂ isjshéﬁn in the iéllgwing4Tabié 27@::f
5 - | '

,Co.dewords‘ Sﬁem .Conbmatlon detaﬂs e - o OC%UH@C&S
| [ R B {Codewordl Su'eaml} o P T
B 1 {Codeword!; Stream2}, - : - . _ ‘ -
{Codeword!; Stream3},
| {Codewordl; Streamd} -

N 2[{%ewordl Stream”“{CodeWOrdZ sueamznf}f* T e |
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[{CodewordL, Stream1 };{Codeword?; (Stream?,Stream3)}] - 12
[{Codeword1, Stream1},{Codeword2, (Stream?,Stréamid)}] ‘

{Codeword1, Stream1},{Codeword2, (Stream3,Streamid)}]
{Codeword1, Stream?2}, {Codeword2, (Stream],Stream3)}]
{Codéwordl, Stream2}, {Codeword2, (Stieam],Streamd)}]
{Codeword1, Stream2}, {Codeword2, (Stream3,Stream4)} ]
{Codewordl, Stream3}; {Codeword2, (Stream1,Stream?2)}] -
{Codeword], Stream3}, {Codeword2, (Stream1,Streamd)} ]
{Codeword!, Stream3}, {Codeword2, (Stream?,Stream4)} ]
[{Codewordl, Streamd4}, {Codeword2, (Stream]1,Stream?)}
[{Codewardl, Stream4},{Codeword2, (Stream],Stréam3)}] -
[{Codewardl, Streamd4},{Codeword2, (Stream?,Stream3)}]

[

[
1
{
1
[

[

3 |[{CodewordL, (Streaml, Stream2)}, {Codeword2, (Streari3, Stream4)} ] 3.
|[{Codewordl; (Streaml, Stream3)}, {Codeword2, (Stream?, Stream4)}] | -
[{Codewordl, (Streaml, Streamd)}, {Codeword2, (Stream2, Stream3)}] -

L O R NN TV N PR R MR I L R LI AR PR I

U e s
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Therefore, ' z;. dei:ailed embodiment of the present
invention _has a total °f.?5 cés'es. In each casle,l'-Sévéral-
"c'odewo'i:d.l‘s a_i_re; used: when .‘s"eﬁv'glzlral szfeams“afé used, | an.a‘u:a'i

--si'.'ngAle : codewérd' has amax:Lmumof : 2V streams And, in the .
éasg' of an asymmetrn.cal “"sj;tré‘anif,., 1e .',A‘ if 1nd1v1dual
cbdéwéi;a"s usedlfferent numbers of streams ,  a:'." é:ode&qrdl wit'l;l‘
less ni;ﬁibe:; of stfééms is é’s;signédf"to:a .firist cod‘ewé%é:‘i. |

“ Al'sp, "a‘ detailed deéériptiéﬁ:' ‘enixbo.dimen't éﬁ | the
.' ?Jﬁés.eﬁt ‘;in'x‘:r‘em;.j;dn h:aé: a ‘total of | '2,5.a:c,af_'séé'." In eath ':.c.a;e',

- 1if ‘several streams are used, several codewords are used in -

: 'ccézis';ideratiovf;‘oﬁ'- usages of the "ASIZ‘I’-CHL',dé'c,:odgar'A.cl;om‘:‘aAi'r;ed inoa. o
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different nUmbers of streams, e-codeword witn less number.
of streams is firstly decoded. Therefore, the number of

cases is 25, so that it wust be denoted by a maximum of 5

bits (2%=16 < 25 < 2°232). In this case, in the light of.

the number of bits of control4information indiqating all
oombinations[ the above;mentioned'case:hae algainAof,z bits
as compared to.ﬁhe casesAshOWnAin Tables 22 ana-23.

Ae described above,‘each‘streamlnas a pluraliny‘of
combinations.- éut, the present invention aims to:reduee
the number of combinations for each stream.

FIG. 14 shows the simulation result of a reception-

end performance when the number of all ‘combinations

between. a codeword and a stream is 1imited to a specific
number of comblnatlons capable of belng 1ndlcated by a.
ngen blt number.

" In more detaii, FiGw‘lé shbWéethefsimnlation result

in which 4 Tx antennas arid 4 ‘Rx ‘antennas were used, i.e.,
.a maximum..nnmber of 'streams ‘is 4. Other simulation

”‘assumptlons other than the number of antennas are equal

to those of FIG 12

A detalled descrlptlon of the 51mulatlon result of
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combination'is eliowed for each'Stream,.the'nuﬁberjqf aii
combinatioge.is:4,44 cbmbiﬁatidns are denoted by 2 bits,
as reﬁresenﬁed”by‘“bité"L If two eodbinations are aliowed
.for each stream, 8 cases are denoted by' 3 bits, as
represented by “bit3v. If Qecombinatiens are allowed for
each stream, 16 cases -are dencted by 4 Dbits, as
represented by “bit4".

As can be seen from‘the 81mulat10n result of FIG.
i4; 1f only one comblnatlon is allowed for each stream,‘
this. case hae a ;mrfdrmance almost similar to that of
anothef case ip which .all combiﬁations are made.availeble.

As can be,seen'from'the‘simulation'fesult of EIGJ
14, altheﬁgh a,eicombinatidne selected -:qu reduc1ng‘
comblnatlons as.many as the number of.correspendlng bltsdl
;s arbltrarlly selected/"tpe;e‘;e,almoet no dlfﬁerence';d
perfdrmence'ibetween Athié case‘ aﬁd ‘Ehe abo&e-meﬁfioded
cese 'i# which - all eombiﬁations' are made 'availeblex

Therefore, 1n the aspect of reduc1ng the number of casesL

"fin _each-acomblnatlon, 1t 1s most preferable that the;”
fnumber of cases 1n each comblnatlons be reduced to 4

,ocomblnatlons

Dnﬂa detalled example assdé

iated with ‘the-above-
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.0of being denoted by a minimum of cdmbinations can be

represented by the fol‘lowing Table 28:

[Table 28]

Cods ‘ 5| Conbinatio il | | #of
Codewords | Streams Conbmatmn details | , OCCUTTENCeS
1 I | {Codewordl, Stream1} ' i

[{Codeword!, Stream!1}, {Codewordﬁl Stream?.}

[{Codeword!, Stream1 },{Code,wordZ,.(Streaan,StrgamB)}] i

[ {Codewordl, (Stream, Stream?)}, {Codéwaord2, (Stream3, Streamd)}]

o et ] opema | g

p— o " g = Caragry 5 O > 4 > o T g e T e —
e, MRIN PR R .,'.“."..".'._'._'._'._~._'-,",'.<.:_'...'.,'...".1.._.......‘._,'..'...._..‘...;._-. e,
‘. T. R R S N N N N R N Y N M A A LV AT ALY I

Therefore, a ~Adst';ai‘lecAi.‘ éalbcdimenp : of the present

. invention héé a. ,t‘ota‘l‘ of ‘44,'cases. In. ‘each 'casfe,',i,f
s‘ev'si:al stfsams ai:e u‘séd several codewords are used

10 s:Lngle codewosd has a max:.mam of 2 streams, a Acocile,.wprd'__' :
Wlth less .number of 'streams;,;ls set’ to a fl}fst" coc;eyoi&di, 1n ;
the cass cfﬁahxasy;fm‘ie-trica‘li‘satf‘sam, 'eac‘;:"ht stream usés:oﬁlyl |
‘:,‘oﬁ'e cbmb‘ina‘t‘icn;“ | | |
- 'Also, ”a“ detalled -embodime'nt ' "of 4,j:h.,e‘ present‘

15. ~:anentlon has a t'otal of 4 cases 1 In each case, TiF

.4..-several streams are used 1n cons:.deratlon of a spe01flc",j
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single codewo:cd has a maximum of 2 ‘streams, "a codewcfd'
.with lese number of streams is firstly decoded in the
case of an asymme‘trical stream, - and oniy one stream'is
aAllowec‘i lfcr each ~'stteam. The totel number of cases is 4,
so that 4 cases must ‘be denoted by a meXimﬁm of 2 bits
(2%=2 < 4 < 2%:4). Iﬁ this.cese,. in the llght of the number.
of blts of control 1nformatlon 1nd1cat1ng all comblnatlons,
the above-mentioned case has a geln of 5 bits as ccmlpare&
to the cases shown in Tebles 22 and»2"3.. |

In the meantime, the “3bit” case from aﬁlong other
detailed examplee must sele.ct two combinations for each
stream, and the “4bit” case must"s.'elect. fou:‘cq combinatiohs
for e}ach‘ stream. The above-mentioned _e;fc‘ample‘.e‘ are well
known tc ,'t‘h.oﬂee ‘skil‘led in- the ert so’ that"tbei_ri detai‘leél‘

description 'will be~ omltted for the" Convenien'c'e- c'f =

i 'd‘es:crjjption.- In thls case, a process for selectlng a

combinaticn correspondlng to flxed number may be'
.a:rbltrarlly executed By the s:LmulatJ.on result although

the comblnatn.on 1s arbltrarlly selected there is . almost'

‘no dlfference 1n performance.

A In the meantlme, consuierlng a speca.flc case ‘in

(HYbI'ld ARQ) scheme 1s used 1n the above~-‘
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codeword has an e‘rror', and the other oodeword' has no

error, the number of retransmltted codewords is only ‘one.

If a chase comblnlng technlque Wthh has been W:Ldely used“

for the HARQ isg used for the retransm:.ss:.on two
codewords should  be. retransfnitted without any

modificaticn from the first transmission. .Therefore, the

retransmitteéd codewords must be transmitted via ome or

two streams. A detailed description thereof will
hereinafter be described.

It is assumed that two codewords  are 'transrni‘tted

‘via three st’reams ‘during a first transmission. Also, it

is assumed that one of the two codewords has an error and
the other one has no error. Espe01ally, the retransmltted

codeword is assumed to be only one “first codeword ‘50

‘that it -is.‘transfnitt:'ed via’ only' 'one" ‘Stream_;. ' The oase:‘ih

which a singief code‘word‘ is transmitted ‘via.-a single
stream .'LS contalned :Ln an . orJ.g:Lnal comblnatlon so that’
thlS case can be made avallable

However, for another example, i~f a first oodeword

‘has no error and a second codeword has ~an ‘error, a

retransmitted- ,-qodeword .i.s ,only- one s‘eic,o"n‘d codeword and

gt be transuitted via two’ stréams:
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original oombinatioﬁ; .In'oroef to retransmit é,desiredo
codeword of the first tfansﬁission without any change, a
oombinatioﬁ in which a singlo codeword is- mapped to two .
streams may also be- addeo as nocessaryu The above-

5 mentioned case 1is shown in the following Table 29:

[Table 29]

A Codewords - Streams Conbmat;‘on details - o P occuITences

{Codeword, Stream} T 1
[{Codewordl Stream!1 StreamZ}] g o 1

1

[{Codewordl, Stream1}, {Codeword?, (Stream2,Stream3)}] | 1 -

1

2- |2 [{Codewordl, Stream1},{Codeword2, StreamZ}] T S O
3
3

[{Codewardl, (Stréaml, Stream2)}, {Codetword2, (Streatn3, Streamd)}] |- 1

10 ' The above-mentioned tembodiments Lof< the pfesent‘
invention have’ di‘scl-os',ed‘ a vari‘et'y*‘ ‘of methods fof-
minimiZing thé- number of codeword—stream comblnatlons

'from among all avallable comblnatlons accordlng to the

. ;number of g:Lven codewords and streams (or layers) .A"

- ;:11?§‘fﬂ'.'method : r .»-_a;Llow‘;tnlgh - :he_ gon;}q;nat;op 4 j_to ‘effe tlvelyw A

Ltion, and’ transmitting a ;i
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Ag described above, - a - general wireless

communication system performs - a channel codihg to

reliably' transmit data. - This channel ‘coding inaicates

that a transmission: performs a codlng on Tx 1nformat10n

-using a forward error correction code, so that .a channel

error can be corrected by & receiver. The receiver

demodulates an Rx signal, decodes the forward ~error

correction code, and recovers Tx information. ‘In  this

decoding process, the Rx-signal error caused by the
channel is corrected.

An example of the forward error correction code is

a turbo-code. The turbo-code includes Aati least two

recursive systematlc convolution encoders ‘and4 ‘an

1nterleaver connectlng between the at 1east two recur31veA

systematic convolutlon..encoders. The 1arger the. data’

::block the hlgher the performance of the turbo code . An

actual communlcatlon gystem d1v1des a- predetermlned 81zed

‘data Zblock 1ntot several smaller 81zed. data blocks, and.-

performs encodlng on the d;v1ded blocks, so that 1t 1s~

eally' convenlent to 1mp1ement the actual communlcatlon'

4. system.‘ These smaller 31zed data‘ blocks Aagé; called‘:

'icodeblo ks 'yThe forward error correctLOn codlng processbf{'a'
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.is mapped to wireless resources, and is tben transrﬁi.tted
to a destination.
If' wireless resources aremapped after the channei
encoding is performed in units of a codeblock by. the MIMO
5 .communication system, the spatlal smltlplex:mg is needed.:
The J.Illeldual MIMO channels are lnde‘pendent‘ of 'each‘
other, If the spatial multlplex:mg of : codeblocks is.
performed fori multiple ‘ 'I‘x‘ A‘a'ntennas, a . transml‘ss:ron‘
efficiency can be improved. |
10 Therefore, a method for effeetiyely' transmit‘tiné
channel-encoded data via multiple Tx antennas is deeded.
Therefore, one embodiment of -the present.'invention
,prov:Ldes a method for effectlvely transmlttlng data in
cons1deratlon of the - spatlal multlplex:mg by the MIMO
’ 15 communlcatlon system, and a detalled descrlpt:i.on thereof'
'w:l.ll herelnafter be descrlbed | o .
e A w:Lreless communlcatlon system may be based on an
‘fOrthogonal Frequency D1V151on Multlplex:mg (OFDM) scheme
‘ThlS OFDM scheme uses several orthogonal sub carr:.ers,;.

20 . The OFDM scheme uses orthogonallty between an Inverse

Fast Fgur;er Transform (IFFT) and ,-:,a Fast 'Fou'rler
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In oxder to separate the multi-subcarriers’ from each

1dther, the receiver uses the FFT corresponding to the

multi-subcarrier. The OFDM scheme redudes the complexity
of the recéiver under frequency selective fading

environments of a broadband channel, uses different

.channel characteristics of sub-carriers, and performs

gselective’ scheduling in a frequency domain, thereby‘

1ncrea81ng spectral efflclency The Oithogdnal Freqﬁency-.

Division- Multlple ,Access (OFDMA) -scheme is a multiple

.access scheme based on the OFDM scheme. By the OFDMA

seheﬁe} difierent sub—carriers ‘are assigned to nmltiple
users, &0 ﬁhet the efficiescy of wireless resources
increases. | )

FIG. 15 is'a bleck diagrsm‘iilustratiﬁg‘a‘Wiieless~ o
cemmunlcatlon system o

o The w1re1ess communlcatlon system has been w1dely

used .to prOV1de a. variety of,communlcathn serv;ces, for .

'example, voice or pédket data.

,Referrlng to. FIG 15, the w1re1ess communlcatlon”:.

~system 1ncludes a- user equlpment (UE) 10 and a. base“

..statlon (BS) 20 The user equlpment (UE) 10 may be flxedj hE
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20 may be a fixed station communicating with

the user equipment (UE) 10, or may also be called a Node-

B, a Base Transceiver,SYstem‘(BTS)L or an Access Point

(AP). A single base station (BS) 20 may have one or more
cells.

The term “downlink” is- indicative of a

'qommqnication path from the base station (BS) 20 to the

user equipment (UE) 20. The term syplink” -is indicative
of a communication path from the user”eguipmentﬂ(UE) 10

to the base station (BS) 20. A transmitter for use in the

‘downlink may be some-parts of the base station (BS). 20,

orea-xeéeiver:may be4somefparts of the user equipment‘
(UE) 10. A transmltter for use 1n the upllnk may be some

parts of the user equlpment (UE) 10 or a receiver may be‘

'some parts of the base statlon (BS) 20

FiG:: 16 ”is -é‘ block dlagrami 111ustrat1ng iaﬂ -

,transmltter accord:.ng to one embodlment of the present

inVention

Referrlng to FIG ) a transmltter 100 includéé'a R

:CRC attachment unlt 110, a. codeblock segmentatlon unlt

,;;S‘ a channel encoder 120 enAlnterleaver 130 a rate.
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The CRC attachment unit 110 attaches a cyclic -

~redundancy check (CRC) code for detecting an error to

1nput data The codeblock segmentatlon un:Lt 155 segments

the CRC added code :Lnto codeblock unlts In this case{,"

the‘ CRC code may be attached to -data,, and be then
segmented into codeblock units. Otherwise, the CRC code
may be attached to data in codeblock unlts

ATne channel encoder 120lperforms channel encodlng
on codeblocks. The interleaver 130 performe interleaving
on'tne channeleencoded codes. The rate matching unit 140

adjusts the interleaved codes  according to the amount of

wireless resources used for actual transmission. The rate

matchlng may be conducted by a- puncturlng or repetltlon,

process The mapper 150 maps ‘the rate= matched code to- a'
.sym.bol :Lndlcatlng a. s:Lgnal constellatlon locatlon An
‘1nterleaver (not shown) may be 1ocated before the mapper:.‘:fi
N 150,, Namely, t:he 1nter1eaver may be located between the

' rate matchlng unlt 140 and the mapper 150

The layer mapper 160 performs mapping of 1nputA

’Symbols accordlng ‘to :Lndlvz.dual layers caused by the'

patlal multlplex1ng The mapped resultant data for each

1s ca"' led_a datastream ¢ The precodlng unlt 1‘70__' .

PCT/KR2008/000074
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In this case, several datastreams are genefated
from a single channel-encoded code in the system of FIG.

16, so that.this system is called a single codeword (scw)

system.

FIG. 17 is a block ~diagram illustrating - a

.transmission according to another embodiment - of the

-present 1nvent10n

Compared w1th the transmltter 100 ‘shown in FIG. 16;

the transm1881on of FIG 17 generates several datastreams

upon receiving at least ome channel-encoded code, so that

the system of FIG. 17 is called a multiple codeword (MCW)

system.

Referring to FIG 17, the‘transmitter‘200 includee-
a plurallty of CRC attachment unlts (210~1 m,"2l0¥K)

(where K>l), a plurallty of codeblock segmentatlon unlts'

‘ (215 1, i;;‘215 K), a plurallty of channel encoders (220 1,.
-t 220 K), a plurallty of 1nter1eavers (230 1, m,‘ZBO-K),

a plurallty of rate matchlng unlts (240-1,:;,3240—K), a’

plurallty of nmppers (250 -1, s 250 K), a layér nﬁpper

,260; 'and a precod1ng unit 270 . The transmltter 200 

lllncludes Nt Tx antennas (290 1, e 290 Nt) (where Nt>1)

eTCRC attachment unlt (210 1,;" 210 K) attachea‘féy'

5 heekhi'CEC) Codﬁ forA detectlng an?%7ﬁ?‘




WO 2008/082277

PCT/KR2008/000074
128
-(215-1, .., 215-K) segments ' the CRC-added code into .
codeblock wunits. The channel encoder (220—1,‘m, 220-K)
performs channel encoding on codeblocks. The interleaver

(240—1; m}A230;K).performs interleaning on4the'channe1-
5 .encoded 'code’s. The rate matching unit (240-1, .., 240-K)
'adjnsts the interleeved codes according to the amount of
wireless resources used for actual transmission.-AThe rate
matching maiz ‘be conducted by a punct'uring or repetition
}precess. t,Tne'lnapper {250-1, .",'250—kj~ maps the.xate~
10 matehed~ code .no a sywbol  indicating | a signal
‘ constellatlon,location. An lnterleaver‘(net shown) may ne.
loceted between the'fete matcbing‘unit (240»1,144 240-<K)
hand the mapper (250 l n, 250~ K)
. The layer mapper 260 performs, mapplng of 1nput
- lé symbols accordlng to 1nd1v1dual layers caused. by the'
:'Aspatlal mnlt1plex1ng The mapped resultant data: for each"
,layer 1s called a datastream ThlS datastream ma? also berﬁ
called a layer.. The precodlné unlt 270 precodes an 1n§ut;
'datastream' accordlng 'to‘“tne MIMO ‘schemel.based bﬁﬁ
éd ;transmlss1on antennas (290'1,.; 290~Nt).

FIG 18 1s a block dlagram 1llustrat1ng a channel_.

"*%fté~;§ﬁé embodlment gﬁi “the i“'ﬁ
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Referring to FIG 18, the chann‘e.], 'c'odj;.rlg, . the.
.‘:‘i’.nterleavin.g, .and the Arat‘e matching are performed ‘on a-
usingle codeblock, so that the s.ingle ccdebl'ock"‘ 1s
'transmltted via several datastreams The codeblock ‘is a
5 predetermlned gized data block for performing the channel
.encoding.  The ‘codeblock may have the same size, and
several codeblocks may have ‘different sizes. |
Referring tcl FIG. 18, the channel enc:oder‘ 320
pexforms the channel encoding on an input codeblock. 'fhe
10 .channel encoder .320 may be a turbo—code. The turbo;che
may include a  recursive systematic convolution encoder
and an 1nterleaver The turbo- code generates' ‘a systematlc
blt and ‘a parlty bit J.n bit unlts upon rece1v1ng the‘
;:anut codeblock In ‘this case, 1t ‘lS assumed that a c.o.de
15 .rate is 1/3 ‘. and a s:Legle systematlc block s and two:“
parlty blocks Pl and P2 - are generated The‘ systematlc . :
‘block is a set of systematlc bltS, and the parlty block'
is. a set of parlty bltS
The 1nter1eaver 330 performs 1nter1eav1ng on the .

20..‘,ch'a~nne1—,encoded - cod_eb.',chk,', so" that j it reduces ‘th,e_;'

.i'n'f'lwi'epce,‘ , ;o‘:ff aA‘, burst error . caused by A R‘F—'c'hanﬁellil

::l'ea"‘i}‘ r330 may perform the

Vi emat;lc “block S and each parlty'.:::’;
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The rate matching unit 340 adjusts the channel—
encoded codeblock according to the size of radio
‘resources.. The rate matchlng may be performed in units. of
the chanael;encoded codeblock. 4Qr, the systematic block =h

5 and two paritj,blocks”Pl and Pé,are separated from each'

| otber,:so that the rate matchingﬁmay be performed on each
of them. | |
A data. transﬁitter method based on the epatial
multlplexing will hereinafter be described.

10 For the convenieace of deécription and"better
tunderétanding of the present inveﬁtion, it is assumed
that data ia transmltted via two datastreams (i.e., two
layers) . |

The systematlc block S and two parlty blocks Pl and N

15 fPZ generated from a‘431nglej codeblock are,»equalljk
dlstrlbuted to - two datastreams, and are'then trahsmittedz
to-a destlnat.ron ‘ In the case where the codeblock 1s'
equally dlstrlbuted to two data blocks and be then '

:transmltted to the destlnatlon, a system may acqulre the.

EZO,_spatlal dlver31ty, resultlng 1n the 1ncreased performance.

_.The systematlc block S 1s more 1mportant for the decodlng
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improved.‘ In this casef if two‘ datastreams are mapped to’
J:adie resources, a 'Aspeeific pé.tte.:i:‘n fnay be wused as

ﬁec.e‘ssary.‘
- Next, it ‘is assumed that thefﬂe are two ‘or more
5 codeblocks to be trensmitted. In this case, it is assumed
. that three codeblocks are equally distributed to two

4datastr‘eams, and'are then "transrr’litted .to e de‘stinatiien‘.

| FIG. 19 is a eonceptuai Adieérefq“:.i1l_ust,rai:i,ngl a data
'trainsmissio'n. eccording to ohe 'embodi'ment of .the -pre'sel‘lut

10 inventi:on.' |
Referring to FIG. 19, two datastreame _4(i.e., two
'1aYers) are diseributed Eo a‘ frequency dorﬁaiﬁ dﬁring' e.
Asingle subframe, so ,tha_t‘ they are separated - - from each-

other 1n the frequency doma:m A single silbf.r,ame is

15 Z:mdlcatlve of a frequency domaln, . Whic‘:'hf 'i"n‘cludes‘ }a:'.

”'plurallty of resource blecks. . A s:.ngle resource block
1ncludes a plurallty of sub*carrlers Fer - example, a
-S:Lngle resou‘rde ‘block' :may :anlude 12 subf—carri'ers-.’ ‘A

.s:.ngle subframe is 1nd1cat1ve of a tlme doma:.n 1nclud1ng
220 . two slfots; each of wh;Lch 1nc:ludes 7 OFDM symbols However,

= " the above mentloned descrlptlon exemplarlly deflnes the

ff'the number of slots,, and the
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to the above—mentioned‘ values, and can also be applied to
other examples.

' A single c.odeblock is egually mapped to two.

datastreams. -~ Radio resources allotated to the single

codeblock . are equally allocated to the two da‘tas}treams.*
After the single codeblock has been mapped, the next

codeblock is mapped by the same methed as in the mapped

codeblock. In this case, three codeblocks are -equally

distributed.to two dataStreams, and afe'then mapiped.' In
thié ‘case, an inteérval occupied in‘the time domain may be
a minimum in’terVal. |

In the case , of us:Lng the. turbo-code, | .a A.sjingle
codeblock is lelded 1nto a systematlc block S and two
parlty blocks Pl and P2.~ The ‘systematic block s and the

parlty blocks Pl and P2 are equally dlstrlbuted to two

’ ‘datastreams,, and are then transmltted to a destlnatlon :

. I The mapplng of the systematlc block S and. the parlty -

20

blocks Pl and P2 maj} have a - spec1f1c pattern'

Spec:Lflcally, the systematlc block s is’ mo:re 1mportant -
.for the error correctlon as compared to the parlty blocks"

Pl and Pz, so that the systematlc block s may be equally.

:,"jdlstr:.b:‘ted to two datastrea s 2 and be then transmltted-'w.:"- -

PCT/KR2008/000074
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systematic block S may be mapped to a datastream haviﬁg a

‘good channel condition.

The codeblock is distributed to two datastreams,

and is then mapped. ' And, two- datastreams are transmitted

via multiple. antennas, 8o the spatial diversitY' gain

caused by the datastream is acguired.  The codeblock is
equally mapped to twoAdatestreaMS, S0 that the decoding

delay caused by transmission of the datastreams can be

;reduced.

When the codeblock is mapped to N datastreams
(where N>1 and N;even numbet){ it can . be equally mapped -

to the N‘ datastreams. IfliN' is an .0dd -number, the

.codeblock may be max1mum equally :mapped ‘to the N

datastreams

"FIG, 20 is a conceptual dlagram 1llustrat1ng a data'

‘transm1331on accord;ng te another embedlment of the

present'inVention.

In more detail, FIG 20 shows an. exemplary case in
whlch a codeblock LS dlstrlbuted to £wo datastreams, and'

is then transmltted v1a the two datastreams

Referrlng to FIG 20, a. flrst codeblock 1s napped

..‘,:} -"al}d a 'se, . nd Q‘Qdiﬁbl,@c.ki”:g;s'

PCT/KR2008/000074
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When a single codeblock is mapped to & single

-datastream, a redundant codeblock may occur. In other

words, when M codeblocks (where M>1) are mapped: to N

datastreams (where N>1), the xelationship between the M

.and N vdlues is not denoted by a multiple, as,denoted,byv

M=k x N+q _(kﬁinteger, - 0<g<N-1) . In thie‘ case, the ¢
codeblock may be dlstrlbuted to N datastreams, and be then

mapped to them.

If a siane,codeblOck includes a systematic block §

and parity blocks P1 and P2, the systematic block 8 and the
“parity blocks Pl° aﬁd P2 may be mapped to a single

" datastream acoording'to a'specifio-pattern.

FIG. 21 is a conceptual dlagram 1llustrat1ng a data

':transmlsSLOn accordlng to yet another embodlment of the .

present 1nvent10n..-

Referrlng ‘to FIG '}‘?a‘ﬁfifst!’COdeblock‘ andﬂ a

second codeblock are mapped to two datastreams accordlng

'to a spe01f1c pattern The flrst codeblock and the second'x

codeblock cross ‘each other in unlts of an- OFDM symbol A

Athlrd oodeblock lS mapped v1a two datastreams

If M codeblocks are transmltted durlng L OFDM-

ﬁff;;fand tHe " secondﬁr@;ﬂ‘

PCT/KR2008/000074
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higher than “x”. Symbols from a first OFDMusymbol to the

CEll(L/M) -1 OFDM symbol are fully fllled with data, but

the cell(L/M) ~th OFDM symbol may be partially filled.

Subsequently, the next codeblock is mapped
If a single codeblock includes the systematic block

S and parlty blocks Pl and P2 the systematic block S and

‘the parity blocks Pl and P2 may. be equally mapped w1th'

two datastreams. The‘u@pplng of the‘systematlc block 8

and the paritflblocks P1 and P2 ﬁia'the‘two datastreams
may have a specrflc pattern

FIG 22. 1s a conceptual dlagram 1llustrat1ng a data
transm1881on accordlng to vyet another embodlment of the
present 1nvent10n ‘

Referrlng to FIG 22, a first ‘oodeblock and a

jsecond codeblock are . mapped to two datastreams accordlng‘
| to a spe01f1c pattern ‘ The flrst codeblock and the second,g."
‘<codeblock cross each other 1n unlts of a- resource block

. A thlrd codeblock is mapped via two datastreams

' If a 31ngle codeblock 1ncludes the systematlc block:-

S and parlty blocks Pl and P2, the systematlc block S and-

‘the parlty blocks Pl and P2 may be equally uwpped w1th

PCT/KR2008/000074
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FIG. 23 is a conceptual diagram illustrating a. data

.transmission according to yet another embodiment of the

present invention.

Referrlng to FIG. 23, three c‘odebAlocksA are mapped
via all subframes. 'I‘he three codeblocks are transmltted

via two datastreams. The three codéblocks may be- mapped

to two datastreams according to a specific pattern.

In this case, 3 codeblocks are mapped one by one in
units of a resource block (i.e., on a. frequency exie),

and the 3 codeblocks may be mapped one by one in units of

" an bFDM symbol (i.e., on a time axis).

The above mentloned codeblock segmentatlon method

and the data transmitter method u51ng the . same will

,herelnafter be descrlbed 1n- detall. ‘ For the better
understandlng of the present 1nvent10n, a. data pro‘ceSSLng,
Vstep of OFDM based transmlssn.on/rece:LVers Wlll also be

descrlbed 1n detall

FIG 24A is a block dlagram 111ustrat1ng a dataA

- ,processz.ng method of a transmltter accordlng to an OFDMA

20

Ascheme FIG; 24B 1s ‘a block dlagram 1llustrat1ng a data--‘- .

ﬂprOcess:Lng method of a. recelver accordlng to an OFDMA_
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constellation mapping) on a bit. stream} for each user
according to a QPSK (Quadrature Phase Shlft KEylng)— 16

QAM  (Quadrature Amplitude’ Modulatlon)— or' 64 QAMQ

,modulation SGhemeAat step Sll By this symbol mapplng,

least two bits are mapped to one symbol
The bit stream is mapped to. a data symbol. This

data symbol is converted into a parallel data symbol by a

8/P (Serial/Parallel) converter at step S12. By the S/P

conversion, the data symbol is converted into parallel

symbols as many as the number .of sub-carriers allocated

to each user (n). As shown in FIG. 243, a data symbol of

a first user 1 is'converted into parallel symbols as many

as‘the number (ﬁﬁ(i)) of sub carrlers allocated to -the.

-flrst user. 1 | The sub- carrlers.allocated to 1nd1v1dualu
:users (n) ﬁay be equal to each other or be dlfferent from
.each ‘other, so that the data symbols of the 1nd1v1dual'i
‘may be.converted 1nto the same oxr dlfferent numbers of

'*parallel symbols In thlS case, the dlfferent numbers of

parallel symbols are denoted by Nu(n)

The parallel data symbols for a spec1flc user aref

t

‘mapped to Nu(n) sub carrlers assmgned to a n- th user from

PCT/KR2008/000074



WO 2008/082277 PCT/KR2008/000074

138
'subfcarrier to whioh no,user isiallooated isyfiiied'with
fO", i.e., a'zero-padding.: The outbdt’of thelsymbol—to~
‘subcarrier mapping module is oonverted into time—domain
signals by . an Nc—boint AiFFT (Inverse Fast Eourier
.5.‘Trahsform)‘module,at step Si4.
~:A. eyclic prefix' {cp) is inserted. into 'the OFDM
;symbol generated from the above- mentloned IFFT module to‘
reduce. an 1nter symbol 1nterference - (ISI) at step 33151
The CPflnserted. OFDM symbols are conyerted. into serial’
10 syﬁbols by a jparallel—to;serialf converter: at step Sid,
'and then the serial symbols are transmltted to a recelver.
Referrlng to FIG. 24B, the data process1ng method
‘oﬁ the recéiver according to4 the‘ OFDMA ‘scheme is
performed 1n reverse order of a data process1ng‘methodlof
15,;the transmltter | The recelved data symbols pass the 8/P -
| cohverterd and the Nc p01nt AFFT module,a and then -a
‘ ubcarrler to symbol mapplng' process 1s applled. to the'
i:resultant data symbols ' Parallel symbols are convertedh3
llnto,serlal‘symbols, are demapped and a blt streamils””
.’-Zd fgenerated . | | | “

The above mentloned turbo code from among a varlety,

*of channel codlng methods w111 herelnafter be descrlbed
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convolution encoder) and an interleaVer.‘AThe‘interleaver
is adapted to facilitate the parallel decoding of the

turbo-code, and is a kind of Quadratic Polynomial

Permutation (QPP). This QPP‘interleaver hag defined the

size of only a specific,data‘block. The larger the data-

block size, the higher the turbo-code performance.

However, an actual communication system divides a

predetermined—aized_data block (e:g., a tranéportAbloCk)

into several smaller-sized data'biocks,dand then performs
coding‘on the emaller~sized data’ blocks, so that it is

really convenlent to 1mplement the actual. communlcatlon"

system. ] These smaller—slzed data blocks are> called'

codeblocks In other words, a s1ngle codeword w1th a 1ong

1ength 1s d1v1ded into several codeblocks Generally,z
.81ng1e unit coded by both- the CRC and the forward errorr

correctlon code 1s ‘called a COdeword However, the.term.

“codeword" of the. present 1nvent10n 1nd1cates a data unlt;

iThls data unlt 15 acqulred when the CRC added transport~'
'blodk 1s channel encoded Therefore, 1f the 81ze of a"
:s1ngle transport block is larger than a reference value,

f:and 1s then segmented 1nto two ox nwre codeblocks, all‘

PCT/KR2008/000074



10

15

20

WO 2008/082277 PCT/KR2008/000074

140
Generally, the codeblotcks have the same size. But;
due to the limitation in the size of the QPP interleaver,

one codeblock from among several codeblocks may have a

,dlfferent size. | The forward error coxrection - codlng

process is perf'ormed .in units of a 'codeblock,} and ' the
interleaving is also performed on the resultant data, so

that the influence of a burst error during a RF-channel

transmission can be reduced..

Thereafter, the resultant data is mapped to actual
radio resources, and then transmitted to a destination.

Since the amount of radio resources used for actual

transmission 'is - constant, the rate matchlng for the

eneoded codeblocks is'" needed.’ Generally, .-the rate

'matchlng performed by a. puncturlng or rEpetitioﬁ‘

process The rate matchlng may be performed 1n unlts of,,

an - encoded codeblock as in the BGPP WCDMA system. " The-
.systematlc part and the parlty part of the encodedf
codeblock are separated from each. other, and. the. ratei,e

.matchlng may be performed on each of them.

t”FIG. 25 lS a. conceptual dlagram 1llustrat1ng af

::fnethod for separatlng a systematlc part and a parlty part;'

‘ J.ﬁaﬂof a - eoded code~block from each other and performlng a '
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Referring to FIG. 25, a circular bqffer:maprerform
the rete matching according to ‘a transmission start
_ position andtthe Siie of data'te.be transmitted. IﬁAFIG.
25; it is assumed that's code rate ‘is 1/3.
5 The MIMO sbmmuniéatien system4based on the spatiai
multipleXing'ﬁses.the SCW (Single Codeﬁord) method &nd
~the MCW A(Multiple Codewords)_.methOd. - The SCW methed
indicates that a singdle 'codewsrd his transmitted via
several Tx detastreams, end,the MCW method indicates that -
10 one or more codewords are transmitted.
FIGS. 26Af~2634are conceptual diagrams illustrating_.
a '81ngle codeword (SCW) and multipie cedewotds ‘(MCW),,
.respectively;~‘A hybrld of the SCW ‘and MCW method may also
:be nade avallable : For examp;e, prov1ded that four Tk'
‘15‘ antennas and four hx ahtenhes.' te 'use§,< only two::
‘codewords ma& be ﬁused “ihl thls cese,i'twquSCWs
.trahsmlttlng two datastreamsiare 1nterconnected so that:
“the MCW system is, conflgured o
| FIG 27 shows a codlng chaln used for a HS DSCH offA
3A20 a WCDMA system.accotdlng to’ the present 1nventlon

If the spatlal mult1p1ex1ng isg used a. maxlmum of 2

fbe transmltted and the streams are?%,

S Codlngschaln of § f;rst case?’” -
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.1n whlch a s1ngle streamlls transmltted is eqnal to that
0f a second case in Wthh two streams are traunsmitted.
| Ify a wireless communl(;atlon system tranStnits data
via Iwnltiple Tx antennas, a .data proce851ng' method for.
5 effectively segmentlng a 31ngle codeword into two or more
-layers will hereinafter be descrlbed |
"In order'to reduce the 1nfluence of fadlng in the:
wireless comnunlcatlon ~system; the} present 1nvent1en
prov1des a data proces51ng method for transmlttlng data.
10 -v1a‘the,mult1ple T) antennas, and a detalled descrlptlon
thereof Wlll herelnafter be descrlbed
The fadlng 1s one. of the pr1nc1pa1 reasons causlng
a deterloratlon ‘hof performance ' of the Alw1re1ess
'commnnication'systemnf The‘channelAgain.value_is éhangédif
- 15 with'time, frequency, and space. The lower the channel-
galn the 1ower the performancet" A dlvers1ty method usedf
as one of solutlons for the fadlng phenomenon uses the3:
.fact that there is a low probablllty that all 1ndependent‘
;channels have 1ow gain values Generally, the longer thei
-‘éo_ ,tlme— frequencya ‘or space~ distance,: the hlgher the'

1ndependency' of .2 correlatlon of a . channel galn 'valuefT'”
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dispersed. ih. a time; frequency- . or"space-' domaih, 80 .
that they acqulre a hlgher galn caused by the diversity.
A‘The folIOW1ng embcdlments will dlsclcse examples in
which ihventive featureS‘JCfiAthe'Apresent'Ainyention yare‘
5 applied to an Evolved ﬂniversal McbileATelecoﬁﬁunicatlons
System (E-UMTS). The EfUMTS may also be called a hcng
‘Term Eyclﬁtion (LTE) system, The technical specifications
of the UMTS or E- UMTS have been prescribed in Releases 7
'and 8 of Technxcal Spec1f1catlon ‘Group Radlo Access
10 Network of the 3xrd Generatlon Partnershlp Project- {GPP) .
FIG 28 &shows a downllnk Freguency DlVlSlon Duplex
(FDD) sub- frame structure of an LTE system accordlng.to.
the present invention. |
Referrlng to FIG 28,Aa s1ngle sﬁbframe has'a short‘
'15':1ength of 1ms,'so that the degree of a channel varlatlon
on_a-tlme axls”;s‘lpw."But, a'max1mum of 20MHz may be
sed on a fheqﬁehcy‘axlsffso that a channel varlatlon onhyf
'the frequency ax1s 1s hlgh Channels may be 1ndependentl
?of each other on a space ax1s, SO that they are evenly;
204Edlstr1buted on the freqpency—'and space—‘axes to galn a

g dxyers;ty:ga;n.; The above mentloned embodlments of the

J:ﬁreseht'~£ﬁyehtion{?ﬂay' be applled. to ‘not only' the FDD'f'

V“ﬁfDuplex (TDD) systemfﬂjt?l



WO 2008/082277 PCT/KR2008/000074

144
FIGS. 29A—29B eh'ow transmisjs’ion-cbain et‘r-ucturee‘
of an LTE system according to tbe nresent'invention. FIG.
29A is a transmlss1on structure of a Rank 3 equipped Wlth
'three layers, and FIG. é‘QB is a t'ransmlsS:Lon structure of
5 a Rank 4 eqﬁipped with four layers'. |
In association wlth embo.dlment‘s for effectively
reduc1ng the codeword to-~ layer mapplng comblnatlons, _the-
'structure of FIG. 29A may correspond to a. third
combination of ‘Table 28, ‘and the structnre of ‘FIG. 29B
10 may correspond to a fourth combination of Table 28.
The term “transport block;’ has been widely used for
"the UMTS or E~UMTS system,‘ and is a basic data‘ unit
‘exchanged v:.a a transport channel. A ‘first transport
block TB1 of FIG 29A undergoes a data processs.ng step.of
- 1 15 a transmls,31on chaln, so that 1t lS connected to a S:Lnglet;'.:'
;stream (i.e., a snlgle layer) ‘ In other words, the CRC is
added to a s:Lngle transport block by the CRC attachment A
' algorlthm, and lS channel encoded S0 .that- .the channel-'~
encoded result is- allocated to a 51ngle layer -The ter;r'z A

20 ,'“transport block" has been w1de1y used for the UMTS or E- ‘

'_UMTS system, and 15 2 ba81c data un:Lt exchanged v:La a~_
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In the case of a second transport biock (TB2) of.

FIG. 29A, and first and second transport blocks (TBE3 and
TB4) of FIG. 29B, a sihgle transport block is connected
to‘tWOfstreams (iuer;‘tWo,layers). ifAthe size Of the

5 single transport block is iaréer than ai,predetermined

| value, . the4 single. traneportA block ie segmented. into
several codehlocks.(CBe). In:thie caee,‘the CRCAmay be |
attached in units of a codeblock or transport block Pﬂso,

1if_ zregplred,A the‘h CRCrattached. transport block . is

‘10 segmented into se&eral codeblockskzand the CRC may be re;

attached to each codebloch;‘ The channel encoding is
perforﬁed. in units of 61‘codeblock. when the‘ channeiF ‘
'encoded codeblocks -are allocated to each layer,‘a-data
prcce531ng step con51der1ng the ‘spatlal dlver31ty 1si

15 neededu . The gymbol . streams allocated to each layer 1s'
. ‘pre coded for multlple antenna transm1531on, so that they
are transmltted to a.recelver v1a multlplex Tx antennas

A varlety of embodlments assoc1ated w1th the data
’.;mocess1hg step before data is allocated to each la&er

| 20“ after the channel encodlng of FIGS 29A. and 29B w111

fherelnafter be descrlbed

"3;‘jEi¢fﬁ ﬁd*f shows f? transm1831on chaln Strﬂctures"

YQaccordlng to one embodlment of the present 1nvent10n
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Referring to Fiéﬁ . 36, eachv chanhel-encoded
codeblock CB1 or CB2V inclu.'dels a systematic part and a
parlty part A rate matching.mod‘uie 81 performg the x;'ate
matchlng on the channel encoded codeblocks. .The rate
5 <,match1ng process 1nd1cates'that the gsizes of the channei~
encoded codeblocks are‘matched with a predetermined malue.
For example, a transmission‘start.position is controlled
by a circular buffer of FIG-.l '25,1‘4 so"'tha't the size of .a
-.codemord 'to be transm‘i.t‘ted :ca'n‘ be‘ Aadjusted.’ The rate
10 matching‘ may be performed for' eeoh' : chenhel-‘encoded
codeblock or may Aalso be oer‘formed‘ on ‘ah overall part in
which all codeblocks.are interconneoted.
The sﬁ)atial division module g2 divides the rate- .
matched bltstream into two bltstreams, and outputs. the-
15 .tmo bltstreams ‘ In thlS case, the order of 1nd1V1dualn‘n
bltS 1n the ‘b1tstrean1 1s 'unchengeable The number of,
',dlvn.ded bltstreams lS equal to the number of 1ayers The :
‘- number of 1ayers in FIG 30 is 2. | o
Dlvn.ded ~b1t-streams. ‘;ai:e': applled to the‘ symbolll'
.ZO‘Imapplng modules 83a and 83b Each symbol mapplng module.

,83a o:r 83b performs the‘ symbol mapplng s the recelved..{

and

T bltstreams','

Yﬁ’f)l Sequenc:e 5""""In orde:r to"'.'-.',,.';-i.'
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or 640AM method may be 'useri;' but 'it" silotld be no'ted that
‘the seope of the present i,nvent:'ton is not limited to the
abevefment‘ioned methods, ..and’ ean also be aptlied,to other
methods as necessary. | | |
5 "Out‘ﬁut' symboi streams of each symbol mapping module
'83a or 83b is applied to each :tnterleave'r 844a or 84b.
Each interleaver 84a .or' 84b performs :interlleavingv on each
symbol stream, so that the 4order of symbols ‘is rearranged.
It is preferable that the '.interleaw.fing be set to an OFDM-
10 ‘symbol—base'd | interleaving. '-The OFDM—syrhboi—b,ased
1nter1eav1ng 1nd1cates that a symbollass:l.gned to a sub—
'carrler ‘is :Lnterleaved w1th1n a s:Lngle OFDM symbol 'I‘he
order of‘ symbols ass:Lgned ~.to: . the‘-": sub—carrlers 1s
'rearranged by the OFDM symbol based 1nterleav1ng g The -
© 15 individual | symbol  streams’ 1nter1eaved by ea'c;h ‘
”ixrterleawijers '.8.{1.a" ;—m;i ‘ 841.:)& are A ass:tgned to - 1nd1v1dua1
1ayers,. re'spectivfely. |
N F:‘IG.‘ 31A shows a transmi‘s-sibﬁ—ehain "‘strﬁe’tu‘r}e 4
_accordlng to another embodlment of the present 1nvent10n.
4 20 ' Referrlng to FIG 31A a rate matchlng module 91 :

performs ‘”thé’ rate‘ matchlng 'on‘_ t‘he .‘ channel encoded

- CQdeb ocks

CBl and CBz' A symbol mapplng module ,92:-’35

generated Fr "m SN
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Detailed descr‘:ip’tions.‘: of the. abiove—.me'ntioned rate

matching and the above- mentloned symbol mapplng have been
'descrlbed in FIG 30, so that they will hereln be omltted.

An 1nterleaver 93 recelves the symbol stream from

5 the symbol mapplng module 92, performs the 1nte.rleav1ng
on the j:eceived symbol ‘streawm, and tearranges th‘e order

‘of symbels. Prefe;r:ably, the“‘interle'aveir 93 may pel:ferm

the Ainterle‘,avifng on 'sfﬁﬁbols‘ «correspending te the
'codeblocks . CB1 and 'CB2A, so that. the symbols are evenly -

10 ‘m:"v.xed. In other Wo‘r‘ds, a symbol stream ‘to which a first
'channel—eneoded codeblock (CBl)' is rrla'pped, and the otherA
symldol‘ stream to whilch‘a s,econd codeblodk (CB2) is mapped-

. are evenly mixed by the dnterleayizlg'showh. in FIG. .31A‘:
’(b). P'refe:raldly,. the rearrangement '.ox-'der 'ef_ symbols by -

15 4’.the 1nter1eav1ng may be predetermlned by Ta ‘g‘iven-‘
| .algorlthm, " and the OFDM symbol based :mterleav:.ng may be _‘

performed on the syn‘fbols as shown in’ FIG 30

A spatlal dl’VlS.'LOD module 94 dlvn.des " an. output‘
'symbol stream of ‘the Interleaver 93 J.nto ‘several streams
20 accord:s.ng to the number .of 1ayers, and outputs‘ the

dn.v:Lded streams The d1v1ded streams are allocated to..'

eaver 93 and:"‘ff*-‘.'
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unit ‘as- hé‘cessary.‘ In- other words, the 'inter.l'ea.ver 93
perlforms the interleav‘ing, and .diVides Rx data into
several SyTnbols Astreams‘, SO that the.:.nd:.v:.dual symbol
'streams may also be allocated to 1nd1v1dual layers
5 A FIG. BIE | shows a ‘transmlssl,onkchaln ‘<.structure
according to still anotherv emb&iiment 'of the .present
invention.
Referring to FIG.. 31B,. a data biﬁts‘tream is rate-
matched by a rate matching. fnodule, “95,, and the rate-
10 matched birstream 'is applied to a bit-level interleaw}er
96. - The,' ]oilt'—level . interleaver ‘96. : performs ‘-the
'interlear'ing oh the Rx data bitstream. Preferably, _the
1nterleav1ng may be.’ performed in un:'Lts‘ of a blt group
equlpped w:Lth at 1east one blt ‘The number of blts '1
A'15 .contalned in each’ blt group :.s equal to }thennumber- of
'b:Lts mapped to a s:Lngle symbol 1n each symbol mapplng'
'module 98a or. '98b. For example,‘ if the BPSK scheme 1s"
used as the symbol mapplng method :Ln the flrst or second~
.' symbol mapplng module 98a or 98D, each blt éroup 1ncludes--"v -
20 '.'a- ~s-1ngle ‘thtp If the QPSK scheme 1s used as the symbol-‘-

‘mapp::.ng method each blt group 1nc1udes two blts If the-

edch

“:':“._446QAM Scheme’f 1s used a8 the, SY“‘bal mapplng method
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method. l‘he data bitstream written in a row direction by
the bit-level interleaver 96 "is' read 1n a column
direction on the basis ‘of a ‘bit group combose‘d of two .
bits., and is then outputted. ‘ . |
5 , The data bitstream gene.rated 'ftom.:the -' bit—vlevel
interleaver 96 is divided into several units . according to.
the number of layers by the spatlal lelSlOIl module 97.
‘The flrst and second symbol mapplng modules .98a and 98b’
'perform the symbol mapp::.ng on the data bltstreams d1v1ded
10 by the spatial division module 97. FIG. 31B shows the
case in which the QPSK is used as the symbol mapplng
method, so that two bltS are. mapped to a s:Lngle symbol.-
InAFIG 31B, the order of the spatlal lelSlOIl caused by
Athe spatlal d:LVJ.s:Lon module 97 and the symbol mapplng
15 ‘.caused by the flrst and second symbol mapplng modules 98a~:.
‘and 98b may be changed to another order In other words,':'
'the symbol mapplng lS flrstly performed .on. the datastreamj
.'generated from the blt level :Lnterleaver 96 and then the_.
symbol streams are segmented acco:rdlng to the rumber of
© 20 -layers. ‘ ” |

The 1nd1v1dua1 symbol streams generated from the .‘

A'A‘fl'st and second symbol fmapplng modules ""_:Ba and 98b of'




WO 2008/082277 PCT/KR2008/000074

151
An 'OFDM( Symbol (os')‘ - based ;r;térleaver .93 of FIG.
31A performs the interleaving at a symbol.level,‘and a
bit*ievel interleaver; 96 of FIG. 3lﬁltperforms Atﬁe
interleaving at a bit dlevel. ﬁowever, the: bit—ievel
5 _interleaver 96 performsAthe'jxwerleaving in:unite of a‘
bit group composed of bits corrésponding to the syﬁboi
mapping nethod, so that the tﬁt—level idterieaving has
the ’result equivalent to that - of. the - eymb01—1evel
interleaving. Andf although the spatial division moduie
10 97 of FIG. 31B is located after a single symbol mepping
module as shown in FIG. 31A, the same equivalent effect
‘islmede.
| FIG. .32A shows a trensmission—chain, etructureA-
aqcordihg to still< another'fembodimeht-~of;1the opreéente
Ld '1nvedtlon | |
. Although the structure of FIG '52A‘ieVSiMi1er'to'
. that of FIGf B;A it should be noted that the spatlale
‘division":module“§4 of ;FIG.‘ 31A is- replaced Wlth the
"spatlal dlstrlbutlon module 104. The Spatlal dlstrlbutlonj
Aijumodule 104 d1v1des ‘the symbol streams generated from the"'

~j:1nter1eaver 103 accordlng to the number of 1ayers,‘and at-

?a”the same tlme rearranges the order of symbols %?Namely,
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ihterieaving .algdfithﬁl by the- ieterleaver 103, 'ena s
.divided dinto several symbol streams by the -‘spatial
dist;ibution module 104, so that the order of symbols 1s'
readjusted by'a predeterm;ned scheme. In this ease,;ltelsﬁ
5 considered that the spatial distribﬁtion’ module 104
:performs the spatiel interleaving. For example, a4eing1eA
symbol stream is conflgured by even-th symbols from among‘
ell ‘symbol ,streams .correspondlng to . the. 1nd1v1dual”
,bedeblocks, end the other.symbol stream may beAcenfigureq
10 -.by odd-th symbols. The'methodifdr ;e~adﬁusting ehe,oraer |
:of symbols by the sbatial'dietribution.ﬁmdule 104~mey be
‘freely determiﬁed rwithin the eeope of maXimiziﬁgv4the
‘spatial diversit& effect. In FIG. 32A; in the ease of an
,actual system 1mplementatlon, tﬁe7interleaver 103 ana the -
f15"spat1al dlstrlbutlon module 104 mey be . 1ntegrated.1n one 
i unlﬁ es necessary ) Detalled. descrlptlons of the rate;‘
'.matchlng nmdule 101 ,the symbol mapplng nmdule 102 ‘anq'A
}the 1nter1eaver 103 are equal to those of FIG 31
'FIG' 328 ,shows a trahsm1831on chaln strueture'

~20;~éééording' to Stlll ancther embodlment of the present

~ invention. .
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1éést one brt.accordihg to the .symbol maéping method~ﬁsed
- foxr the first and second;symbol mappiné modules 10éa and
"108Db ih the same manher as in:théAemhodiment'of FiG. élb.
jiftthe oata'bitstreams depeﬁding on the.number of iayers
5 is ‘spatially" distrihuted, by the spatial distribﬁtioh
module 107, the data bitstreams must be distributed on
‘the basis of a bit group used for the bit—levei.
interleaver 106. 1In the case of an actual implementation,
the bit—levei ~interleaver ’r106 and the spehial
10 .dietribution module 105 may be integrated.with.each other
-as'neoeseary. |
‘Ih FIG. ééB the order of the spatial dletrlbuhlon
caused. by‘ the spat1a1 dlStIlbUthn 1nodu1e 107 and. the :
symbol mapplng caused by the flrst and second symbolA
.15'*mapp1ng wmdules 108a and 108b may be changed to another'
order In other words, although the spatlal dlstrlbutlon
module- 107 of FIG 32B‘1s 1ocated after a 31ngle symbol
:mapplng module as shown in FIG. 32A the gane equlvalent
;."-'e#:f:ect,;.1:Sfmade-j S N

20 FIG. 33 shows a 'transmiSSion—ohéin”heoruéﬂureh‘

..aoééﬁﬁing‘;tQ:,still another embodiment 9§‘:?Pé,-9r95éﬁt
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the embodiment of FIG. 33 is opposite‘to'that'of FIG. A32h.
In other words, the symbol stream generated from the symhol
mapping. module 112 is lelded 1nto two symbol streams byv
~the spatlal dlstrlbutlon. module 113." In thlS case, the
5 spat1al distribution module 113 re- adjusts the order'.of
Asymbols SO that‘the divided symbol streams evenly include
symbois‘correspondihg to the codeblocks‘CBl and‘dBé,‘andAat
‘~the;same time divides the symbol streams generated from the
symbol mapbingAmodule 1i2. 'Each interleaver 114a or 1i4b :
10 performs the interleaving on the symbol'streamigenerated
,from the spatlal dlstrlbutlon module 113, 50 that the
»symbols are rearranged The symbol streams generated from
the 1nd1V1dua1~1nterleaver3'114a and'114b are'allocated to .
llnd1v1dual layers In the structure of FIG 33 the spatlal'
. 15 ”dlstrlbutlon module 113 and the 1nterleaver 114a and 114b;”
- dmay -:be 1ntegrated w;th each:; othgr 1i£"5an. actuale
‘1mplementatlon prooess - 4
- fThe embodlments of FIGSﬂ qo'and'33 may alsodﬁerﬁQrm}
the" blt based 1nterleav1ng‘ 'on' ‘the: 4chahneleehboded  

" 20 .codeblocks, before performlng the symbol mapplng process

’..In other words, the embodlments of FIGS 30 and 33 perform
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rearranged.
The OS~based interleaving may not be used in the
above—mehtioned embodiments of FIGS. 30 and 33. In this
,JCaee, it the‘caee in which two codehlocks are contained'ih
.5 1a-sihgle gymbol is not allowed, the symh_ol—ba'sed ‘p’rocessingA
is easier than the bit-based pfocessing. For example, if it
‘is assumed tha\‘: the rate- matched CR1 has the 1ength of 10
‘bits, and the CB2 has the length of 10 blts, ‘and the CBl
‘and CB2 use the 1608M, a single symbol is Cohfigufed at
‘10 intervals of 4 bits, 80 that ‘the 1ast 2 hits_:of the CBl and L
the first 2 btis of the CB2 are contained in a s_ingAle‘ 16QAM
sym.bol If the ‘above—mention‘ed assumption is not all.owed"
‘the length of the CB1l or CB2 must be restrlcted to an
1nteger‘mult1p1e of a‘modulatlon order. This case is equal'
15 to the other case :Ln whlch the OS based 1nterleav1ng 1s':',‘
. used as an 1dent1ty :Lnterleav:mg Therefore, although thei‘,
| .‘OS based 1nterleav1ng is -not used. the -. symbol mapplng
module and the spatlal lelSlOl‘l (or‘ dlstrlbutlon) module'.i
proposed by thel present‘ 1nvent1on can also be used w1thout_-
| 20 any changeA |

o Thef above mentloned descrlptlons have dlsclosed the '

or. reduC1ng the number of codeword etream (of

mapp'lng comblnatlo 5, the}"laye,
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:"i’he‘ above-mentioned embodiments cén be readily uhé~erétood
gnd mOdified by those skilléd in the art in various - ways
ac,qordin’g to tﬁe above-mentioned p‘rinlciples. ‘For“ éXémple,
the laj}e? mapiging method of ‘FIG. 29A or '“29B' may - be
5 ‘.perf'orfr'\ed bytl codéwofd—stream combinations shown in Tabie' 28,
go that input data can be channel-enéoaed, ~be modulated
accordiﬁg to a symbol map'ﬁ)ing scheme, and be mapped} t;o each
1ay;'er (or each étream). FIGS. 29A and 298 .c.o.r:r:lesp'on’d to
third and fourth combinations shoﬁn in Téble ‘2‘8:,‘ as
10 previously s‘tate‘d above.
-‘I.f‘.‘a" ‘s‘ingle. coﬂdewor'dl is mapped to two layers
according to third andlf.ou‘rth comb:';,n\at‘ions of.:Tabie: 28,
' 'iﬁdividual moc.‘iula“.ti‘on ‘s-ymb'ol‘sf may be ‘alterlrl1ate.iy ma?ped to
ltw;) layers -by.the‘ spétigl ;iiéﬁ‘ribﬁti‘on'modﬁle' .113 of FIG
15 33 I other .Wc:'faé," as ..shéwn' i FIG. 3‘3'}4 an éﬁ'rénfth’ symbol
1s m.aaispec?:.ﬁ:‘.ol. a :fir_'st‘ 4iéy‘e‘.r‘  1‘,‘ arid an odd‘—A‘th, s_ymbgi 1s
mapped ;;.o a séc'o-r.u%l:.ljéy'er 2, 'snial‘t‘l'zja;: a diver;éit};‘ga;i‘ﬁ 1s
acqulred ‘fﬁéédié'ss to ‘éay; the Qr‘dei;'of-'the'evéﬁ'-tlf‘x éymbol
‘. andthe qd‘d‘—.i:-hf'.styﬁgi‘)c')l 'ma;y be Acl‘iarllg".edl }t‘Q‘ ahdthe_r .of,d"éf; as
‘20 mecessary.

' The: abdvefméntioned . fﬁnption’é may be “p.e;rf.oit_h‘.xed by a

[ miiéréprocegsor, . a “controllér;, a micro-controller, -or ‘am’.

ntegrated - Gircuit “(ASIC) based rom

Spment
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and implementation of the ‘above—mentioned codes may be
fea51ly 1mplemented by those skilled in the art.
It should be noted that most termlnology dlsclosed’
in’ the present invention is deflned in cons1deratlon of
5 ‘functlons of the present 1nventlon, and can be dlfferentlyn
‘determlned according to intention of those skilled in the
art or usual practices.‘ Therefore, it is preferable that
the‘above—mentioned terminology be understood on the basis
of all contents disclosed in the present 1nvent10n
10 It w111 be apparent. to those gkilled in the art that
| various nmdlflcatlons and variations can be made 1n the
present 1nventlon. w1thout departlng from the splrlt or
scope of the 1nventlon. Thus, it is 1ntended that the ’
'present anventlon cover the modltlcatlons and varlatlons ofﬁ
15‘ thlS 1nventton prov1ded theyxcome w1th1n the scope of the&;'

appended clalms and thelr equlvalents

' [Industrlal Appllcablllty]
As apparent from the above descrlptlon, although the
' bove mentloned embodlments have been ,dlsclosed on the"

‘20p'ba51s of the 3GPP LTE, the scope of the present 1nvent10n

ff'and c:an al.SO be app]_:\_ed tO E
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The method for indicating a cxﬁbinatiOn,between:a

codeword and a stream according to one embodiment of the

present invention can rationally limit,the'number of all

.combinations ‘between a codeword and a stream in

consideration of a"variety' of aspects, so6 that it can

reduce the number of bits of information indicating the

numbexr of all comblnatlons between a codeword and a . stream

As - for the above- mentloned aspects, ‘the above-mentioned -
method considers a maximum transmission rate of a specific

codeword compares the possibiiity of use with the number

of cases 1nd1cat1ng a correspondlng combination, nslntalns

a combination,'avallable for retransmission, 1mproves a

decoding ‘performance of, a ~receiver using. the Successive

Interference Cancellatlon (SIC) method "~ and con31ders a -

'stream grouplng based on an antenna grouplng and cons1dersr“

a user s convenlence in a Iwultl user' MIMO communlcatlon

‘System
f Therefore, jtheg present 1nventlon 1ndlcates jali.“'

'codeword stream comblnatlons,. thh are requlred for both'

an upllnk and a downllnk in-a MIMO communlcatlon system,“

jw1th 1ess number of bltS, thereby 1ncreas1ng the efflclency,‘

;'resent 1nzen,?onxprov1des a method for mapplng;f 4
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system, - transmitting the mapped codeblocks . énd

additionally Aguaranteéing a spatial diversity gain caused

by .the spatial multiplexing.

In the case where a single data. block ig divided
into several codeblocks and the. codeblocks are channel- '

encoded, the ﬁresent invention gives each <codeblock a

_suffi(';ient'.s\patial diversity by adding simple‘functio,ns to

a transmission chain.
'Althoizgh the preferred. embodiments- of the present

invention havé been disclosed for illustrative purposes,

‘those "s"kil‘léd‘ in the art will "appreciate that various
modifications, ‘addi‘tions‘and substitutions are possible, |

" without -departing.‘from the scope and- spirit of the

invention as. disclosed in the accompanying claims.
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‘ [oLAIMs]

{Cleim 1) A ‘layef‘ nmpéing method for a spatial
‘multipieXing in a Multi—inﬁut Multi-outbut (MIMO) system,
the layer mapplng method comprlslng

5 a) modulatlng a predetermlned blt block of each of
at least one cbdeword,oand'generatingfa nmdulation.symbol
fstream for each codeword; and
"b) mapping'the'ﬁodﬁlaoion stbOllfor each of the at
least one codeword to at least one layer according to ome
iQ specific combination from amoné predetermined mappiﬁg
.combinatioﬂe; | |
‘wherein;.‘in_ eeoh of the Apredetermiﬁed mappiné
comblnatlons,4a number of 1eyers to whlch a 81ngle codeword,
1s mapped is limloed to a. predetermlned number or’ below,ji
‘ié‘fthe predetermlned number corresponds to a raflo acqulredf:
when a‘number of all 1ayers 13 d1v1ded by a number of . all

:codewords,f'

" [Glaim. 2] ,Tﬁeelayer‘mepping y@thodfécoording to -claim 1,

. whérein’ -

of 4 layers anda.
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the predeterminéd mapping combination limits the
number of layers to which the single codeword is mapped to

2 or below,

(Cieim 3]‘ The.la?er mapping method eocotding to claim 1,

5 ' wherein, ‘id AtheA-predetermined‘ mapping combination, a
combination,'ih‘which a .single codeword is mapped to at
least two layers when a ma#imum of one codeword is used, is
1remo§ed' from among 511 available mapping combinetions
between the at leaet one codeword and the et least one

.10_flayef.

[Cieiﬁ ;] The 1ayer.ﬂﬁpping method4aooording to claim 1,
ﬁherein;AAiﬁ :tﬁe’ predetermlned Amapplng cbmbinatiodj :a
coﬁbidation, 1ﬁ whlch a slngle codeword is. mapped to at?

‘.least two layers when a mexlmum number -of the all layere 1se1
15 2; is removed from among all avallable mapplng comblnatlons
| betweeﬁ the at least one codeword and the at least one

llayer.

S (Clalm 5] The layer mapplng n@thod accordlng to clalm 1 j"

“pﬁiwherelnﬁthe predeter 1ned mapplng comblnatlon 1snllmlted tO"'

lowex;;pdex1
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mapped to a single ilayer and the other .co'd.eword with a
higher indeic‘ is mapped to two layers, .when two codewords

are mapped to three layers.

[claim 6] The layer mapping method according to claim I,
5 wherein the predetermined mé'ppi.ng combination is set such
that combinations having .a same numbers of codewords and -

layers are denoted by a éinglé combination.

{Claim ;7] " The layer mapping method according to claim 1,
Wherein: : |
110' " the MIMO sﬁ;stem uses a maxirﬁum of 4 layers ‘ar'ld a
‘maximum of 2 c'odewordé.f and
‘ the predetermlned mapplng combc.natlon cons:Lsts of o
'a first comblnatlon in whlch a 51ngle codeword :ws ‘
:mapéed to a s:.ngle layer, S - ol |
’~‘1'5' .f‘ ';' a. second comblnatlon ‘1n whlch two codewords are'
‘ma;;ped to two layeré; respectlvely; -
-a thlrd comblnatlon 1n whlch two codewords are

mapped to three 1ayers, and

: 8 fourth comblnatlon 1n wh:Lch two codewords are .

s20 mapped to our Tayersi
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(c;ai'm< 8] The layer'<mappi.r19 method "accor‘dihg to claim 1,
whereih: |
the MIMO system uses a maxumnn of 4 layers and a
maximum of 2 codewords; and
the predetermined mapping”combination‘consists of
a flrst comblnatlon in whlch a 81ng1e codeword is
mapped to a 81ngle layer, a second comblnatlon in whlch two
codewords are mapped to two layers, respectlvely, a third
.comblnatlon. 1n whlch two. codewords are mapped to three
10 layers, and a fourth combination 1n which two codewords are '
mapped to four layers, and |

a flfth comblnatlon for supportlng retransm1551on

.based on .a Hybrld ARQ (HARQ) scheme

[Claim’Qjﬂ The’layer mappinéxmethod accordihg to4Claiml7:

15 or 8,1whereia; in:the‘thlrd<combination,-a flrst codewordh'
- from among the two codewords is mappai to a flrst layer
'~.from among the three layers, and a second codeword from,

-‘among the two codewords -1s mapped to second and thlrd'i

' .,layers from among the three layers
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from "among the two codewords 'is mapped to first and second
‘ layers from ‘among the four 'layers, "and a second codeword

from among the two codewords is mapped to thlrd and fourth

layers from among the four 1ayers

5 ' fClairﬁ 11] The layer mapping method acco‘(rdlin.g‘ to claim 7
" or 8, .x.ﬂherein: | |
| .'in the layer mapping step b),
if a spec:Lf:Lc one codeword is mapped to - two 1ayers
_accordlng to.the third or fourth combination from among the
10 predetermined maoping combinetions,'. the moduiation s’ymbois
constructlng the spe01f1c one - codeword are alternately

mapped to the two 1ayers

[Claifn‘ 12] A method for a transmltter of a'Mult:L Inpct:
15 :.Moiti4output (MIMO) SYStem" t,o c'renSmic data v1a multlple e
trensmiseio«ri ‘(Té;)*entenna‘s, the method 'ootﬁpﬁ:isidg‘: - |
a)" performing a cﬁannel encoding. en a speci‘ﬁic: data
A,.bch}‘é; : . . | | . S
' .b')v modulatlng a blt block formed by the channel—: .

; ,::2'0 = encoded data block : and generatlng a modulatlon symbol‘
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~eithe; oﬁe4of predétéfmined4mapping cdﬁﬁindtions; and
d) transmiﬁting the layeiQmappedjsymbols,
wherein  each‘ of !Tthe ¢ predetermined mapping
combindtioﬁs ingludés‘ d ‘Speéific combinatioh ’in.~Which a
5 Asiﬁgle oodeword_constipdtedlby:the éYmbdidstreah éenerated‘
by‘said.nwdulaﬁion.ofAthe,speoifio data block is mapped to
-at least two layers, and | 5
‘the specific "combinétion' is designed’ to
'alternately map the symbol stfeamslcOnstfucting the single

10 codeword to the at least two iayers.

.(Claiﬁ 13] The.method’accordiné to olaim 12,“whe;éin}
‘the MIMO systéﬁfuées@a'HQXiﬁdmzoﬁ 4,1ayofs and a
max1mum of - 2 codewords,‘and | | | |
.tﬁe predetermlned mapplng comblnatlon 1nc1udes
15f‘ .4". a flrst comblnatlon 1n which a 51ngle codeword is
| ﬁapped to a. 51ngle layer,.; o ! |
| a second comblnatlon 1n whlch two'oodewoﬁdgfafe
; imapped to fwo 1ayers, respectlvely, | |
| a  third comblnatlon in whloh two 'oodefoids are -

20, ‘mépped to three: laYeJ:af -sar}d“ -

“codewords are
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[Ciai@ i4] .The'méthod adcérdiﬁg tO‘ciéim 13, Whéfeih, in
the third.éombination; a first éodeword from amqné the two
codewords is mapped to a.fifst layer from amoﬁg‘the three
layefs, and a sécqnd.codgword from.améng'the t@o codewordé

5 is mapped to second and third 1ayeis‘from among the three

lavyers.

1-(é1aiﬁ 15]“Thé mefhoa acco;diqgjto claim 13,7wherein) in
the fourth combinétion;.a~fi£ét‘codéwOrd.from amohﬁ tﬁéjﬁwo
codewords islmapped to first ana éecqnd layers ffpm among
10 the four layers; and a second codewordnfrom amohg the two
‘cod6words is mapped fp third and fourth layers‘froﬁ among

the four layvers.

‘ [Cléih{.lﬁ). ‘The.&met£§d.iéccbrdin§' £0'4clé;nyﬁi4, §f 15,
.‘wheféiﬁi | B | o |
"}5' R in the 1ayer maﬁplng.steé c)
. if a spe01flc one | codewcrd is- mapped to two layérs*
: accordlng to the thlrd or fourth cémblnatlon from among. thé..f

predetermlned mapplng comblnatlons, .an even- th lndex Symboljﬁl
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layer from among the two layers, so that theveVethhAihdex
symbol and the odd-th index symbol -are alternately mapped

to the first and second layers.
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FIG. 13C
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FIG. 24B
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