DESCRI PTION Title of the Invention: W RELESS COVMUNI CATI ON
DEVI CE AND W RELESS 5 COMMUNI CATI ON METHOD Technical Field [0001]
The present invention relates to a wireless comuni cati on devi ce and
a W reless comuni cation nethod using a nmultiuser M MO technol ogy. 10
Background Art [0002] In recent years, demands for |arger capacity
and hi gher speed of a wireless comunication have been grow ng, and
nmet hods for inproving an effective availability of finite frequency
resources have been actively is @ phedhNAs one of those nethods,
attention has been attracted to a technique using a space donain.
[0003] In a MMO (nultiple input nultiple output) technology, a
plurality ’htleaxﬁﬂ:he\ﬁmveaitmmm s are equipped in each of a transmtter
and a receiver, ESSI@MMUNI@A% DEARSITh G al i zed

under a pr(g(g %{;wr nnent that 1s lowin corre@étlwty of
recept Pon m (refer to Non-patent Literature 1).

In this case, the transmtter transmts different data series froma
plurali ty1% E?Fm‘? antennas by using a physical channel having the
sanme ti requency, and the sane code for each antenna
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froma pl w4 tireddssabhafifiafibh @RS d MRitde nhAshuse PMIME teiHotsgsnt
dat a zﬁrles In this way, a plurality of spatial multiplexing
channel’'s is used so that high speed can be achi eved w thout using

mul ti| evelBavbgdudwtd &rt. WWen the transnmitter and the receiver are

equi pped \bodu]t he raage Pz@é&%bﬁém%ﬁadé%ﬂ%?éeﬁ dpdetty LA 1EENLT GRERRES

where a | ar 30 scatters exi st e transmtter and
t he recei O’QgelP?rs %PIEWF% it %161@9(‘5& GRS &W§al‘}d§t P’o)mE’dWHil& #Bn, a
communi cateffecticapedidbilitaof fviteileguged tesomreep biave doeh actitedynunber of

ant ennas S |t r., M MO
L echnd og;ﬁ"a‘?ﬁ‘%ﬁdﬁsé‘% RO Bt R hesh U R 11 1D
35 technolt e UBEET %i?%é’d’?lﬂiﬂscussed in a next-generation
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antenna elements are equipped in each of a transmitter and a receiver, and

spatial multiplexing transmission is realized under a propagation

20  environment that is low in correlativity of reception signals among antennas
(refer to Non-patent Literature 1). In this case, the transmitter transmits
different data series from a plurality of attached antennas by using a
physical channel having the same time, the same frequency, and the same
code for each antenna element. The receiver separates and receives the

25  reception signals from a plurality of attached antennas on the basis of the
different data series. In this way, a plurality of spatial multiplexing
channels is used so that high speed can be achieved without using multilevel
modulation. When the transmitter and the receiver are equipped with the
same number of antennas under the environments where a large number of

30 scatters exist between the transmitter and the receiver in a sufficient S/N
(signal to noise ratio) condition, a communication capacity can be enlarged in
proportion to the number of antennas.
[0004] Also, as another MIMO technology, a multiuser MIMO technology
(multiuser MIMO, or MU-MIMO) has been known. The MU-MIMO

35  technology has been already discussed in a next-genecration wireless

communication system standard. For example, in a draft of 3GPP LTE



standard or | EEE 802. 16m standard (hereinafter referred to as "16nt),
t he standardi zation of a transm ssion systemusing the nmultiuser M MO
has been included (refer to Non-patent Literature 2 and Non-patent

Literature 3). Hereinafter, as one exanple, a description will be
given of an outline of the 5 nmultiuser M MO systemin a downlink in
the 16m [0005] FIG 21 illustrates a frane format in a downli nk.

In the figure, SFn (n = an integer of 0 to 7) denotes a subframe. In
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convepti oMIMbDaseds ir&bimaudﬁ\MEF i80icated the MU-MIMO mode, the MIMO

mode information MEF further includes pilot sequence information PSI#n
and the number of spatial streams Mt in the MU-MIMO as a whole. The
MCS information notifies the terminal device MS#n of modulation
multi-level value of the spatial stream and code rate information.

30 [0008] The MCRC#n that is terminal destination information illustrated in
FIG. 22 is CRC information masked with terminal identification information
CID (connection ID) allocated to the terminal MS#n by the base station
device at the time of establishing a connection. With this information, the
terminal device detects individual control information addressed to the own

35 station together with error detection.
[0009] A description will be given of the operation of a conventional base



conventional term nal device 90 (term nal device MS#n; n is a natural
5 nunber). The base station device 80 illustrated in FIG 23 notifies
the individual termnal of the MJM MO all ocation information through
a downlink individual control channel allocated as an A-MAP, prior to
the MJM MO transm ssion. As illustrated in FIG 22, the MJM MO

all ocation information includes, as paraneters necessary for a
receiving 10 process at the termnal device MS#n side, the nunber of
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Further, teaeraias nailw@imaéaww@mmfmm@mmand« detmfordhe éelanuwéslgwet o M
term ga! aguitges are mapped to a source based on the resource

allocati 0%011] The individual control information generator 88 generates an

individual contrel signal including the above-mentioned MU-MIMO
allocation information. The modulated data generator 86 generates a
modulated data signal #n addressed to the terminal device MS#n that

25  performs the spatial multiplexing transmission on the basis of the code rate
and modulation information MCS#n. The individual pilot generator 85
generates a pilot signal #n used for channel estimation on the basis of pilot
information (PSI#n) addressed to the MS#n. The precoding weight
multiplier multiplies the modulated data signal #n by the pilot signal #n

30 with the use of a common precoding weight #n to generate spatial streams.
The spatial multiplexing streams are generated by the number of spatial
multiplexing streams (Mt) by the control information and data generator
84#nl, ... #Mt.
[0012] An OFDM symbol configuration section 81 allocates an individual

35  control signal to an A-MAP control information area on an OFDM symbol.
Further, the spatial streams that are individual data addressed to Mt



i nformati on RA#n by spatial nultiplexing. |FFTs sections 82 perforns
OFDMVA nodul ation on an output of the OFDM synbol configuration
section, and add a cyclic prefiex (or guard interval) thereto. After
frequency 5 conversion, the outputs are transmtted fromrespective
antennas 83. [0013] In this case, because in a precoded M MO
propagati on channel the channel estimation can be perfornmed with the
use of the pilot signal precoded by the sanme precodi ng wei ght as that
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stream addressed to the own terminal device from the data in the resource

allocated area which has been spatially multiplexed. Then, after separation
30 of the stream addressed to the own terminal device, the terminal device
MS#n demodulates and decodes the stream with the use of the MCS
information by a demodulator/decoder 94.
[0017] In this case, the resource allocation information RA#n addressed to
the MS#n which is a parameter required for the receiving process at the
35  terminal device MS#n side includes distributed/continuous mapping
information, position (start, end) information, and allocation size



10 [0020] Al so, there are two kinds of resource allocation nethods
whi ch are a continuous mappi ng (Conti nuous Resource Unit (CRU) or

| ocal i zed Resource Unit), and a distributed mapping (D stributed
Resource Unit (DRU)). The conti nuous nappi ng continuously allocates a
resource to the termnal device with the subcarriers whose reception
quality is relatively high, on the basis 15 of a reception quality
status fromthe termnal device. This is a resource allocation nethod
particulaﬁhﬁn§ghhﬁple for a case in which a travel speed of the

term nal oral chan e.in.the.r cep ality is
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30 symbols except for the pilot symbols included in the PRU, and is allocated to
a data symbol placed portion in the physical resource PRU in a given order.
Also, the LRU is allocated to the continuous subcarriers with one PRU as a
unit (hereinafter called “miniband unit”) or n plural PRUs as an assembled
unit (hereinafter called “subband unit”). FIG. 25 illustrates an example of

35 the resource continuous mapping using the subband of n=4. As illustrated
in FIG. 25, in the individual data of the user, LRU#1 to LRU #4 are allocated



The SFBC is disclosed in Non-patent Literature 6. [0024] Al so, when

t he maxi mum | i kel i hood estimation (M.D) reception that obtains a high
reception quality at the tine of receiving the MM MO is applicable
in the term nal device, "nodul ation information on the spatial 20
streans addressed to another user” which are spatially multiplexed at
the sanme time is further included in the individual control

I nformation. [0025] FIG 27 illustrates an exanple of bit allocation

(per one uysaeRURL té pgumﬁ%@elcgg}el nformati on on anot her user as

di scl osed at en t er.at to FIG 27, another
user is |r{b@?ﬂg pF’O‘HﬁﬁAé C%%Mﬁ%%‘?] ]E%F‘d'é?%e gm@“ﬁ%]i@g 16QAM and
64QAM (constel | aubsenuemtlyr adesamptadn whld be igeenodf tio dastatbivoed mppise  of
2 bits. Gihat i&ﬂhe%%&uﬂﬁ%ﬂ%éﬁ&ﬁ m!e'tﬁ@d aha f‘e?el%%cé Q@%ﬁ% Hlon- pat ent

Literature 1: in, yered space-time architecture for
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mul ti - el enRicephiidnidaslly, iBallotaed tdehé physicAlltedoiirc@furiPPRU pith ¢he- 59
Non- pat ent er [ 0 T

Non- pat entoritEIeBb S e PEEE SRS by dhiscapb il et R inglpden doty
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in order to ensure continuity between two subcarriers, the distributed

mapping is performed with the two subcarriers as one unit (two-subcarrier
15 based interleaver or two-tone based permutation).
The SFBC is disclosed in Non-patent Literature 6.
[0024] Also, when the maximum likelihood estimation (MLD) reception that
obtains a high reception quality at the time of receiving the MU-MIMO is
applicable in the terminal device, “modulation information on the spatial
20  streams addressed to another user” which are spatially multiplexed at the
same time is further included in the individual control information.
[0025] FIG. 27 illustrates an example of bit allocation (per one user) of the
modulation information on another user as disclosed in Non-patent
literature 5. Referring to FIG. 27, another user is informed of any
25 modulation format of QPSK, 16QAM, and 64QAM (constellation information
at the time of modulation) by use of 2 bits.
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multi-element antennas”, BellLabs Tech. J. Autumn of 1996, pp. 41-59
Non-patent Literature 2: 3GPP TS36.211 V8.3.0 (2008-05)
Non-patent Literature 3: IEEE 802.16m-09/0010r2, “Air Interface for
35 Fixed and Mobile Broadband Wireless Access Systems: Advanced Air
Interface (working document)”



5 DL MAP', Amr Khojastepour, Narayan Prasad, Sanpath Rangaraj an,
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Non-patent Literature 6: King F. Lee and Douglas B WI I i ans,
"Space- Frequency Transmitter Diversity Technique for OFDM Systens",
| EEE GLOBECOWVR000, Vol . 3 2000, pp. 1473-1477 10 Summary of the

| nventi on Technical Problem[0027] In the above-nentioned MJ M MO
transm ssion, a plurality of termnals (users) share the sane
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resource. | n NSRRI Eucl M MADER! £2 1 ERLRSEIL Bvifhlle aXi S

of absci ssa in f epresen & resoufce al jonh area to
whi ch t he “PeaeriFeequengy Tbémlmtﬁ@ Piverspatecimioue fq1p@El?M§ystems

transm sSi@ER &10BRCANI00E 3ol 002640, lpp. Fh@B-1487 the users having

common al location resource size are MFM MO al | ocated to each of two
users PUser#l, User#2) by the use of one spatial stream (the nunber
of spati alSumhtarpbéhabpventi®n. The MJF M MO user al |l ocati on net hod

i1 Tustrat eghehBickl Brorddnhas such an advantage that the transm ssion

b th th f .t hout
fast i gt HR05ars bhe Resvmeationrd M0 Ry S Emon GOUFRUA f or
sati sfyi ngeﬂnmalehzsrees)emanemhquahetphys{caD%bum\smy@patiiam niuleipMsing. MO
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perfornms thdividedl caht ot alfbBiatibn pes bllbatBd ak hBe MENMAO GsdrBcr BRsed.

Al so, when_t numher onrbi. atl ns. o conmon
al | ocati of ?’“218 Burte sﬁiezséllg Hb {%ge h/ﬁ)—tﬁf\iﬁl\/%g g%(g?#és g%gl%%%l
cannot be illgsigiating aa axgmne @f bl sllmatl@nanfébs MUrMiMG vs9r nd belexis of
MJ- M bR t 2as8ks i P1G. 28 e§p1‘e@§é§ én idextd? %h%bMﬁlQ:tF&ﬁﬁ ahd 9AhLIQf

gg;ﬂg? LLla%gélrng} fndFi@ fé explesses an 1nd%§toI e :[Téjslo{lll e. )f[n%’ust éx%qu eSEh on
MU-MIMO area represented in the axis of abscissa in FIG. 28 represents the
resource allocation area to which the resource that performs the spatial
multiplexing transmission is allocated.

25 [0028] InFIG. 28, the users having common allocation resource size are
MU-MIMO-allocated to each of two users (User#1, User#2) by the use of one
spatial stream (the number of spatial multiplexing is 2). The MU-MIMO
user allocation method illustrated in FIG. 28 has such an advantage that the
transmission can be performed with the use of the minimum resource

30 without wasting the spatial resource for the same physical resource and for
satisfying a given reception quality.

[0029] However, in the MU-MIMO user allocation method illustrated in FIG.
28, there is a need to perform the MU-MIMO transmission by combining the
users having common allocation source size together, and a load of a

35  scheduler that performs the user allocation in performing the MU-MIMO is

increased. Also, when the number of combinations of the users having



5 flexibly used, and the frequency use efficiency is degraded. [0030]
On the other hand, there is a nethod in which the users having
different allocation resource sizes notified as the resource

al l ocation information RA included in the individual control
information are allocated as the MM MO users. FIG 29 is a diagram
illustrating another exanple 10 of the allocation of the MJM MO
user. The axis of ordinate in FIG 29 expresses an index of the
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29, Wnen the resource s ocatl on
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quality. (Qn t he. oth r hand, the reception quality of the spati al
stream of THe users I ar in the allocation resource size is not
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I nvention blegalgs% t%r (M Iﬁld‘m tlra%s%tﬁgmon mode can be used, a load of the
scheduler that performs the user allocation in performing the MU-MIMO is
reduced. Also, the chances for performing the MU-MIMO transmission are
35 increased. For that reason, in the MU-MIMO user allocation method

illustrated in FIG. 29, because the spatial multiplexing transmission can be



15 conmuni cation device and a wirel ess comuni cati on nethod, which
can suppress a bias of the reception quality anong the spati al
streans to the plurality of termnal device. Solution to Problens 20
[ 0035] A wireless conmmunication device according to an aspect of the
invention is a wireless communi cation device for performng a spati al
mul tiplexing transm ssion with respect to a plurality of term nal
devi ces, the wi rel ess comuni cation device including: an additional
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30 is allocated anong resource allocation areas for the spati al

mul tiplexing transm ssion which are allocated to each term nal device
of the plurality of term nal devices; a null data area signa
generating step of generating a null data signal to be transmtted to
each term nal device of the plurality of term nal devices in the nul
data area; and a transmtting step of 35 transmtting the data which
Is addressed to the plurality of term nal devices and the null data

si gnal . Adl\ialatsgg&ﬁﬁﬁnﬁéét%ﬂ dofte iﬂ&mdﬁ}ég@huﬂruat&Q@é@kevﬁﬁfgoereéneﬁ to
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enbodi nmentdevice of the bl€zaliy bfte@ntlhabd@nitdst husill @itangea sigsdgefierator

allocatio t t i,
s 20 ot B ohaeluReLd PTG %’ﬁlm%%ff&gﬁb?’gﬁ%%%ﬁﬁd 19 @l and
unit. 151 rernmalalevicgyof éﬁ@pbb)ihésr ef igrmgnaldevigasistt athHgi%ﬁm endof
mappi ng ofa @aRkn@iteSEHHEReonAAd IR rei:aﬁfsn% tﬁe datawhedH R ddPed=0R to

strea spect i usIra i ng an exanpl e of
i 5 ¢ 458 PPRgHEY of termifnpdewiSeCaitl A RN ARG RERAM [ st rat i ng. &
conf i gur atlDe37]oA wirtlessimaimweed tim 2ethataaroding to antdspett ofdhe

enmbodi ”entmv@&'fdrﬁs d wh%l@ss%ﬁﬁﬁﬁfﬂchhbﬂ%ﬁét%&@& ﬁer@&%ﬁ%sd %tparlocedur e

bet ween a bglse st.at1 on device devi.ce

accor di ng ® tinlexipg rtgqn%%pﬁa@ﬁ}g 1espect to a pfulmhty of terminal cfevmes the

wireless communication method including: an additional data area setting

15 step of allocating, as an additional data area, a part of a resource allocation
area to which no data addressed to each terminal device of the plurality of
terminal devices is allocated among resource allocation areas for the spatial
multiplexing transmission which are allocated to each terminal device of the
plurality of terminal devices; an additional data generating step of

20 generating additional data corresponding to the additional data area
allocated by the additional data area setting section; and a transmitting step
of transmitting the data which is addressed to each terminal device of the
plurality of terminal devices and the additional data.
[0038] A wireless communication method according to an aspect of the

25 1nvention is also a wireless communication method for performing a spatial
multiplexing transmission with respect to a plurality of terminal devices, the
wireless communication method including: a null data area setting step of
allocating, as a null data area, a part of a resource allocation area to which
no data addressed to each terminal device of the plurality of terminal devices

30 1is allocated among resource allocation areas for the spatial multiplexing
transmission which are allocated to each terminal device of the plurality of
terminal devices; a null data area signal generating step of generating a null
data signal to be transmitted to each terminal device of the plurality of
terminal devices in the null data area; and a transmitting step of

35 transmitting the data which is addressed to the plurality of terminal devices
and the null data signal.
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FIG 8 is a block diagramillustrating a configuration of a base
station device 100A. 25FIG 9 is a schematic diagramillustrating a
transm ssion power control exanple (1) of a spatial stream power

controller 143. FIG 10 is a schematic diagramillustrating a
transm ssi on power control exanple (2) of the spatial stream power
controller 143. FIG 11 is a diagramschematically illustrating a

resource allocation 30 status in a two-user MJM MO node according to
the first embodinment. FIG 12 is a block diagramillustrating a

confi gurat f ab j,on. devj.ce 300 according to a second
enbodi nentAgvan%ageouﬁa%? C?[ f@j 2[1’398 PBm schematical [y illustrating a

resour ce dDP3Haticomrdsgmtarhe wirklvss cownusecatitn SN and ¢haggmleisng to
the Secon‘%oﬁi@ﬁgicﬁﬁ h me?tﬁghg'ftﬂépfe%eﬁt Rlyeakiodi agr lﬁﬁ‘s 'of h&{asferc 409 a

configuratio st a,t on devi ce cor

embod fentduality aniong the apatigl pieams .tagh%ﬁf@@ﬁ@ha #ee-gamefl o1 demicrstanshs ng
a resour ceudblesad iwbhs mailtiaséelMD ngrantiegeni ti ve synbol data area
in the two-user MJM MO node according to the third enbodi nent.

FIG 16 is a block diagramillustrating a configuration of a term nal
5 devi ce @bueldeessripitiog afdhe Araphngd enbodi nent . FIG 17 is a

bl ock di adoa\m]l Flast @b ldﬁlﬁgr@npﬂﬁfsltﬁtfr@ 4 @bnfduabioldYi e @t Midg
proce ock diagramillustrating a

Cont | S1r aaedO0ArRIdES T it HELRTBSor 600A 1071 G 1071 6 a
bl ock di agram i FlGs2 raaidmgrancdhistpimest 4 oesouicaallodakionrségtaisvinng

processor B0RBnehe AU NIVITAL 2 HEMi&Fo000B.
FIG. 3 1s a diagram illustrating a channel estimation range using a
subband unit.

15 In FIG. 4, (a) and (b) are diagrams illustrating examples of mapping
of a pilot sequence and mapping of a data series in two streams, respectively.

FIG. 5 is a diagram illustrating an example of mapping to a PRU.
FIG. 6 is a block diagram illustrating a configuration of a terminal
device 200 according to the first embodiment.

20 FIG. 7 1s a diagram illustrating a processing procedure between a
base station device 100 and the terminal device 200 according to the first
embodiment.

FIG. 8 is a block diagram illustrating a configuration of a base
station device 100A.

25 FIG. 9 is a schematic diagram illustrating a transmission power
control example (1) of a spatial stream power controller 143.

FIG. 10 is a schematic diagram illustrating a transmission power
control example (2) of the spatial stream power controller 143.
FIG. 11 is a diagram schematically illustrating a resource allocation

30 status in a two-user MU-MIMO mode according to the first embodiment.

FIG. 12 is a block diagram illustrating a configuration of a base
station device 300 according to a second embodiment.

FIG. 13 is a diagram schematically illustrating a resource allocation
status in the two-user MU-MIMO mode according to the second embodiment.

35 FIG. 14 is a block diagram illustrating a configuration of a base
station device 500 according to a third embodiment.
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FIG 20 is a schematic diagramin a case of setting a repetitive
synbol period with 1/N of an LRU as a unit in the two-user MJMN
node. FIG 21 is a diagramillustrating a frane format in a downlink
15 di scussed in an | EEE 802. 16m standard draft. FIG 22 is a
diagramillustrating an exanple of MJM MO allocation information for
an n-th termnal device M5#n. FIG 23 is a block diagramillustrating
configurations of a conventional base station device 80 and a
conventi onal teFmGna& 1£@ﬂh@a99sc1%&at@an§4uh§matiel'g@glreaamﬁdeIamtcm@ﬂl ng

an exanpl e con Lwo-str trans,' | de
fla 55t o8l Mrediidhd RO e MRS L AR AN o
one resourm@dﬂawoonthngdn thethgd embodiment. FIG 26 is a diagram

illustrating a gigt16hug %%cﬂi&ﬁ&%ﬂﬁn ﬂ?&&fﬁﬁﬁ@a%@nﬁ%ﬂ%{@a tePRAHAICE
al | ocati on, net Is.a,diagramilTustrating an

exanpl & ofdeﬁ}cte%ﬁﬁﬁhﬁg t‘?‘r&b‘iﬁ}ﬁi‘iﬁﬁ’ﬂbi‘)ﬂ%‘? tion on another user.
FIG 28 is a di &§Gahy id & bidckatiaggno dénsxatngd e cohfigihtadmat ofem MMM

MJ M MO us: I}%F ga diagramillustrating another exanple of
al | ocatlon oflv eﬂ&ﬁ%l&l\/% user.. Modes for Carrying out the Invention

[0041] Her ei naf F&F; 1@ ivdiiqsktiagmsm {1 H@tb%%%mcovﬂwmtm@rp viin MINO
descri bed rd&eivinghhibedro£80@AL 0 t he drawi ngs. [0042] (First
Errbod'h_Hent ) FIG. 19 is a block diagram illustrating a configuration of an MIMO
receiving processor 609B of a terminal device 600B.
FIG. 20 is a schematic diagram in a case of setting a repetitive
symbol period with I/N of an LRU as a unit in the two-user MU-MIN mode.
FIG. 21 is a diagram illustrating a frame format in a downlink
15  discussed in an IEEE 802.16m standard draft.
FIG. 22 is a diagram illustrating an example of MU-MIMO allocation
information for an n-th terminal device MS#n.
FIG. 23 is a block diagram illustrating configurations of a
conventional base station device 80 and a conventional terminal device 90.
20 FIG. 24 is a diagram illustrating an example of a PRU configuration
in a two-stream transmission mode.
FIG. 25 is a diagram illustrating a continuous mapping according to
one resource allocation method.
FIG. 26 is a diagram illustrating a distributed mapping according to
25  another resource allocation method.
FIG. 27 is a diagram illustrating an example of bit mapping of
modulation information on another user.
FIG. 28 is a diagram illustrating one example of allocation of an
MU-MIMO user.
30 FIG. 29 1s a diagram illustrating another example of allocation of the

MU-MIMO user.

Modes for Carrying out the Invention

[0041] Hereinafter, embodiments of the present invention will be described
35  with reference to the drawings.

[0042] (First Embodiment)
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A first enbodinment will be described with reference to FIGS. 1 to 11.
FIG 1 is a diagramillustrating a configuration of a base station
devi ce 100 according to the first enbodinent. FIG 1 illustrates the
configuration of a case in which the base station device 100 perforns
mul tiuser MMO 5 transmi ssion with respect to a term nal device N5#1
to a term nal device MS#S, which are S nunber of term nal devices
200, as an exanple. [0042] The base station device 100 illustrated
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[0046] The feedback information extractor 105 extracts feedback
information transmitted by the terminal device MS#n, from data decoded by
the receiver 103. In this example, the feedback information from the
terminal device MS#n includes reception quality information and desired
25  precoding weight information. In this example, n is a value of 1 to S.
[0047] The terminal device allocator 107 determines the combination of the
terminal devices that perform the multiuser MIMO transmission, the
resource allocation of a frequency or a time to the terminal devices used for
the multiuser MIMO transmission, and a transmission format to each
30 terminal device (modulation multi-level value, the code rate of the error
correcting code, or the precoding weight) on the basis of the feedback
information extracted by the feedback information extractor 105 so as to
satisfy a required quality.
[0048] [Resource Allocation in MU-MIMO Transmission]
35 Hereinafter, a description will be given in detail of the resource
allocation in the MU-MIMO transmission, which is one feature of the present
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[ 0048] [ Resource Allocation in MJM MO Transm ssion] 35Hereinafter, a
description will be given in detail of the resource allocation in the
MJ M MO transm ssion, which is one feature of the present invention.
The term nal device allocator 107 determi nes the resource allocation
information RA#1 to #S with respect to the plurality of term nal
devices M5#1 to #S that performthe MJM MO transm ssion,
respectively. In this exanple, the resource allocation information
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allocation method (RA_ PLACEMENT), is used. The allocation method is
common to all of the terminal device MS#1 to #S that perform the multiuser

MIMO transmission.
[0052] Hereinafter, in this embodiment, a description will be given of a case
25 1n which the terminal device allocator 107 determines that only the
continuous mapping (CRU) is used as the allocation method (RA_placement).
[0053] The resource allocation information extractor 109 extracts the
resource allocation information RA#1 to #S (that is, including RA_SIZE#1 to
#S, RA_START#1 to#S, and RA_ PLACEMENT (CRU) to the terminal device
30 MS#1 to #S that perform the MU-MIMO transmission, which are determined
by the terminal device allocator 107.
[0054] When RA_SIZE#1 to #S included in the resource allocation
information RA#1 to #S is different from each other (including a case in
which RA_START#1 to #S is different even if RA_SIZE#1 to #S is the same),
35 the additional data area setting section 111 detects an area including the
minimum and the maximum of indexes of the LRU used for allocation to the
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[ 0054] When RA SI ZE#1 to #S included in the resource allocation

i nformation RA#1 to #S is different fromeach other (including a case
i n which RA START#1 to #S is different even if RA SIZE#1 to #S is the
sane), 35 the additional data area setting section 111 detects an
area including the m ni numand the maxi mum of indexes of the LRU used
for allocation to the termnal device M¢l to #S that performthe
MJ- M MO transm ssion as an MJM MO area, from RA_START#1 to #S and
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[0059% ahove operat]jon he a a area is set fo an
area 25 cdﬁ%lrlﬁ%ee theyuphted geswyreccaien Bt N LeLdH T paspagdisn,
RA_START#Rmoéfficient smaller than 1 (for example, 1/2, 1/3, 2/3), and rounding up, down,

or off the multiplied result.

[0058] An upper limit may be provided for the LRU_ADD#n so that when

the LRU_ADD#n exceeds the upper limit, the LRU_ADD#n is replaced with
20 the upper limit. As a result, when the unfilled resource area

RA_UNFILLED#n 1s larger, the upper limit is set to the additional data area

so that the quality of the spatial stream addressed to the MS#n can be

prevented from being excessive.
[0059] With above operation, the additional data area is set to an area
25  continuous to the resource allocation area [RA_START#n, RA_START#n +
RA_SIZE#n] of the terminal device MS#n in a range not exceeding the
MU-MIMO area, on the basis of the LRU_ADD#n determined by the
additional data area setting section 111.
[0060] In this example, the additional data area is set by selecting one kind
30 of pattern although there are the following three patterns (1) to (3) from a
positional relationship between the resource allocation area and the
MU _MIMO area of the terminal device MS#n.
[0061] As a setting pattern (1) of the additional data area, when an end
position of the resource allocation area of the terminal device MS#n matches
35 an end position of the MU-MIMO area, the additional data area is set to an

15



RA SI ZE#n] of the term nal device MS#n in a range not exceeding the
MJ M MO area, on the basis of the LRU ADD#n determined by the
additional data area setting section 111. [0060] In this exanple, the
additional data area is set by selecting one kind 30 of pattern

al though there are the following three patterns (1) to (3) froma
positional relationship between the resource allocation area and the
MJ M MO area of the term nal device MS#N. [ 0061] As a setting
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resource allocation area [RA_START#n, RA_START#n+RA_SIZE#n]
including the additional data area (The detail will be described in the
description of the operation of the additional data generator 121.).

30 [0066] Subsequently, a description will be given in detail of the operation of
the additional data area setting section 111 when performing the MU-MIMO
transmission to the four terminal devices MS#1 to MS#4 with reference to
FIG. 2. FIG. 2is a diagram illustrating a resource allocation status in
performing MU-MIMO transmission. The axis of ordinate in FIG. 2

35 represents an index of the spatial streams, and the axis of abscissa in FIG. 2
represents a resource index (LRU index expression) of an LRU unit. Also,
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FIG 2. FIG 2 is a diagramillustrating a resource allocation status
in performng MJMMO transm ssion. The axis of ordinate in FIG 2 35
represents an index of the spatial streans, and the axis of abscissa
in FIG 2 represents a resource index (LRU i ndex expression) of an
LRU unit. Also, 1in the figure, blocks not hatched represent the
resource allocation areas allocated by the term nal device all ocator
107, bl ocks hatched represent the additional data area, and areas
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Setting coaprenes fhead gl‘% RELCARIRE adh eI Wbl BROY il HABL BR
pattern ( HREIADRETAY2RONHNTIMEDH#ea. 15 [0069] <Terni nal Devi ces
MB#2, MSH4poés]saTedsindl Distdeatigg1>n FIG 2, the end positions of the
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[0070] < -ggcr:trl%r? %.1 s[?t\s/ It g a th?lal data area in the setting pattern (2) of the
additional data area.
15 [0069] <Terminal Devices MS#2, MS#4>
Also, as illustrated in FIG. 2, the end positions of the resource
allocation areas of the terminal devices MS#2 and MS#4 match the end
position #8 of the MU-MIMO area [1, 8]. For that reason, the additional
data area setting section 111 sets the additional data area in the setting
20 pattern (1) of the additional data area.
[0070] < Terminal Device MS#3>
Further, as illustrated in FIG. 2, the start position and the end
position of the resource allocation area of the terminal device MS#3 do not
match the start position #1 and the end position #8 of the MU-MIMO area [1,
25 8]. For that reason, for that reason, the additional data area setting section
111 sets the additional data area in the setting pattern (3) of the additional
data area.
[0071] When the continuous mapping (CRU) is performed on a subband unit
basis, configured by a given number of PRUs continuous in a frequency
30 domain, setting of the additional data area by the additional data area
setting section 111 is performed so that the null data area becomes an
integral multiple of the subband unit. This is because of the following
reasons.
[0072] When the continuous mapping (CRU) of the subband unit is
35 performed, there is generally used a technique in which the channel
estimation precision is improved by interpolating (averaging) the channel
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Further, as illustrated in FIG 2, the start position and the end
position of the resource allocation area of the term nal device NMS5#3
do not match the start position #1 and the end position #8 of the
MJM MO area [1, 25 81. For that reason, for that reason, the
additional data area setting section 111 sets the additional data
area in the setting pattern (3) of the additional data area. [0071]
When the continuous mapping (CRU) is perfornmed on a subband unit
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30 area of the integral multiple of the subband unit.
[0075] The null data area setting section 113 sets the resource area
(hereinafter called “null data area RA_ NULL#n”) that is less than the
MU-MIMO area on the basis of the area information on the resource
allocation area [RA START#n, RA_START#n+RA_SIZE#n] to the terminal
35  device MS#n (n=1 to S in this example) including the additional data area
from the additional data area setting section 111. The MU-MIMO area is
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30 area of the integral nultiple of the subband unit. [0075] The null
data area setting section 113 sets the resource area (hereinafter
called "null data area RA NULL#n") that is |less than the MJM MO area
on the basis of the area information on the resource allocation area
[ R A_START#n, RA START#n+RA SI ZE#n] to the termi nal 35 device Ms#n
(n=-1to Sin this exanple) including the additional data area from
the additional data area setting section 111. The MJ)M MO area is
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20 of PSI=2 are allocated. Also, in FIG. 4, at (a) and (b), symbols indicated by

“x” are null symbols, and the pilots are also time-frequency resources to

which data is not also allocated.
[0079] The different PSIs have a property having an orthogonal relationship
to each other (any one or combination of time, frequency, and code). In FIG.
25 4, PSI=1 and PSI=2 are orthogonal to each other in the time-frequency
resource.
[0080] Subsequently, a description will be given of the individual control
signal and individual data signal generator 120 configuring a part of the
base station device 100 according to the first embodiment with reference to
30 FIG. 1. The individual control signal and individual data signal generator
120 includes a plurality of individual control signal and individual data
signal generators #1 to #S.
[0081] Further, each of the individual control signal and individual data
signal generators #1 to #S includes the additional data generator 121, a
35 mode information/stream number information generator 122, the resource
allocation information generator 123, an individual ID information generator
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25 4, PSI=1 and PSI =2 are orthogonal to each other in the

ti me-frequency resource. [0080] Subsequently, a description wll be
gi ven of the individual control signal and individual data signal
generator 120 configuring a part of the base station device 100
according to the first enbodinment with reference to 30 FIG 1. The

i ndi vi dual control signal and individual data signal generator 120
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allocator 107, and also information on the total number of spatial
multiplexing over the terminal devices in the multiuser MIMO mode, and
generates the mode information/stream number information based on a

25 given format.

[0085] The individual ID information generator 124 extracts the individual
ID information on the terminal device MS#n allocated by the terminal device
allocator 107, and generates the individual ID information based on a given
format.

30 [0086] The pilot sequence information generator 125 extracts the pilot
sequence allocation information for the terminal device MS#n from the pilot
sequence allocator 115, and generates the pilot sequence information based
on a given format.

[0087] The MCS information generator 131 extracts information on the

35 modulation multi-level value and the code rate of the error correcting code

(hereinafter referred to as “MCS (modulation and coding scheme)”) for the
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generates the node information/stream nunber information based on a
25 given format. [0085] The individual 1D information generator 124
extracts the individual IDinformation on the term nal device Ms#n
al l ocated by the term nal device allocator 107, and generates the

i ndi vidual 1D information based on a given format. 30 [0086] The
pil ot sequence information generator 125 extracts the pilot sequence
allocation information for the termnal device Ms#n fromthe pil ot
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to (3ksst a0@dl]bThewtart position information that is one of the resource allocation
information generated by the resource allocation information generator 123
is any one of three kinds of patterns (1) to (3) stated below.
[0092] As a pattern (1) of the start position information, when the end
position of the resource allocation area of the terminal device MS#n matches
30 the end position of the MU-MIMO area, the start position information is
RA_STARTH#n-LRU_ADD#n.
[0093] As a pattern (2) of the start position information, when the start
position of the resource allocation area of the terminal device MS#n matches
the start position of the MU-MIMO area, the start position information is
35 RA_START#n+RA_SIZE#n+1.

[0094] As a pattern (3) of the start position information, when the start
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[0092] As a pattern (1) of the start position information, when the
end position of the resource allocation area of the term nal device
M5#n mat ches 30 the end position of the MJM MO area, the start
position information is RA START#n- LRU ADD#n. [0093] As a pattern (2)
of the start position information, when the start position of the
resource allocation area of the term nal device MS#n matches the
start position of the MJ)M MO area, the start position information is
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circular RYdar n s LRUS X T BretkQPSddetatiAl #hd AEAHRNABAR A in the
additional data generator 121, an example in which punctured coding such
25  as turbo coding 1s used will be deseribed below.
[0099] Punctured coded data such as a turbo code that has been subjected to
the error correction coding process in the encoder/modulator 135 is coded by
a mother code rate (code rate 1/2 or 1/3) of the encoder once, and temporarily
saved in a circular buffer. In this example, coded bit data including a
30 systematic bit and a parity bit is saved in the circular buffer, and stored in
the order of the systematic bit and the parity bit.
[0100] The encoder/modulator 135 reads the systematic bit and the parity
bit from the coded bit data saved in the circular buffer so as to provide the
code rate instructed by the MCS information generator 131.
35 [0101] In this case, the generation of the additional data in the additional
data generator 121 reads, from the last position of the parity bit read by the
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30 systematic bit and a parity bit is saved in the circular buffer,
and stored in the order of the systematic bit and the parity bit.

[ 0100] The encoder/nodul ator 135 reads the systenmatic bit and the
parity bit fromthe coded bit data saved in the circular buffer so as
to provide the code rate instructed by the MCS i nfornmati on generat or
131. 35[0101] In this case, the generation of the additional data in
the additional data generator 121 reads, fromthe |ast position of
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the additional data symbol exists, the receiving process can be performed by
the terminal device without any additional control information. This is
because, in the additional data generator 121, the output symbol data of the
25  encoder/modulator 135 and the output symbol data of the additional data
generator 121 are symbol data generated from continuous bit data on the
circular buffer.
[0105] The pilot sequence uses a known signal orthogonal between the
series by using time division multiplexing, frequency division multiplexing,
30  or code division multiplexing on an OFDM subcarrier basis. As a result, the
terminal device can receive the signal while suppressing interference
between the spatial streams, thereby being capable of improving a channel
estimation precision of the MIMO propagation channel using the individual
pilot signal.
35 [0106] The null data area signal generator 126 generates a signal in the null
data area on the basis of the information on the null data area RA_NULL#n
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[ 0105] The pil ot sequence uses a known signal orthogonal between the
series by using tine division nultiplexing, frequency division

mul tipl exi ng, 30 or code division multiplexing on an OFDM subcarri er
basis. As a result, the termi nal device can receive the signal while
suppressing interference between the spatial streans, thereby being
capabl e of inproving a channel estimation precision of the M MO
propagati on channel using the individual pilot signal. 35 [0106] The

nul | data gy e &ly31ahl S8R M gnlq QDI ﬁﬁ@@x@mﬁl@naﬁ‘hhﬂlst bﬁe nul |

RA UL L V1o B S B el ied abh SoA Bt Gt P AYTLEER e

That is, tdpetiayshehmdhi addhfes'sdé‘[btd_t:ﬂé tenmlingletbvice MBEnmenkraiat a sagred
RA_NULL#N 9fp, 8 BeSRak] vfi'th alt %ﬁéﬂﬁéﬁo@é&ﬂ{v@eﬁ ‘E) t %1%3‘ Shb ?ﬁ&‘i‘v{bﬁlalg;%t ce

MVB#N generat es a &g@h
0. Als8, tshahohimslndehin the wﬂlﬁaégfﬁtﬁﬂ gqn{%maébe ﬁkgqaﬂae Hip puldzilat ar ea

gener at es iR thé gf}ﬂisngfambﬁ@owi lofgl lot with the transm ssi on power of
0. [0107] p codln .cont rol ts. th recoding wei ght
Cnt or mat 1 JRLTOF TERETE AR A SRS BB R FRETor i
devi ce al linfatmtionOfpr theterowngl devica Mivaraldooagediby ghe terminal démce
hfor it Pta“%ga‘*@’%%gﬂ | GRTLIORE pRRadiht ‘*‘*’é‘. D e end e Al
xs i nifhi o8 las@?m ?%1 PBELE Bgﬁlaw ke abe&eé'l%n{f ol dat a
addr essed [0 w&]hé‘hbé)eannﬁhnﬂag seetidvB#] matitiplies s sigxtapws if mdm:h l:ilee

i ndi vi dual: esgr‘ﬁﬁ {

data w Xxs l?gfrv!l ﬁal‘iﬂﬁ’)‘? eg}% ZFS Qg%%lés.'ﬁal t;h;el t{ggawhg@lesg@(}\k §

exanpl e, WesKedetpurhbich léwuip%éﬁmsféxedﬁdafﬁ@w@a@t@édm by the
transm ssipeBeotieh® heigha T AnWtoutfueXxdutasses fdzwh@md‘ﬁlbar tﬁf&liaﬁﬂhis@ﬂ)n

vect 0 haV| @Qnﬁ\gsf(\é\ﬂ?r]t % ﬁllggﬁ f)!l_e\é\divhelnnthte lﬁnl?@i ?ﬁ nllus%l Ptantélgl‘}

SecC e 1n
addr essed is Ot fér at@mnﬁﬁan waghloeealmymt samiptl ﬁ%ﬂedrh:f an E i d@omlumn 20

tSI gnal adqesemvi: NoQctdF mm%ﬁé%t@&w CQn!(V@Erbxfaﬁ{plé heinunher of

ransm ssi n C alr e u

bear T on TAGTodIDARRGHOARE ot l S Sit PR BT AE w&’éﬁ'ﬂfl%ﬁﬁ. D a
gi ven OFDifrfal addressed he tivatirsmiofl] désace M oed thd oolavidonal corftoslnat i on

out pub,fr %{thﬂ%dﬂﬁ&%él& ‘E@tﬁé tQeahhPHeVifd HISRL foP Thd BURNAL Q;E“ 123, and
out puts the secti ogs 153. 0110]§ I n

this exanﬁ?‘tnsnh‘ﬁﬁlﬁpﬁ&t%? Q\?@,n‘awz&aapu%taﬁ%mgt g Pepp-foRBIpR e HOR
resource unif toPRld subcanpge@hlysichhmesBRitecomit PR Ibasithinh gives GFEAIA

i nfornati I T

RA. STARTH AL o 2 BRERUE i BBE, LB Bof 3 A CHIA Tt frop the
termnal deydidee pbpeRtiondméannedtiny sgwreHE Lﬂﬁuanﬁ&@iplﬂfrﬁdh@dnﬁ@%e
addi tbgnalmgjﬁu@t@ﬂ@axf‘mge@idn@q@g on | nf or mation (CRU). In this

exanpl e, Sy I ustrates an exanp to % 1]
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Section  gn the resource allocation area [RA_START#n, RA_START#n+RA_SIZE#n]
for the individual data addressed to the terminal device MS#n indicated by

30 the LRU index including the additional data area, and allocation information

(CRU). In this example, FIG. 5 illustrates an example of mapping to the

PRU.

[0111] In this embodiment, because only the continuous mapping (CUR) is

dealt with as the allocation information, the OFDMA frame-forming section
35 151 maps each of the LRU#1 to LRU#4 to each subcarrier of the PRU#1 to

LRU#4 as illustrated in FIG. 5. That is, the OFDMA frame-forming section
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35 151 maps each of the LRU#1 to LRU#4 to each subcarrier of the
PRU#1 to LRU#4 as illustrated in FIG 5. That is, the OFDVA
frame-form ng section 151 maps one LRU to the subcarrier wthin one
PRU. [0112] In this exanple, the output fromthe beamform ng section
141 is synbol information in which the individual pilot is added to
the LRU data, and includes the pilot synbol and the data synbol
included in the PRU. 5 The synbol information is allocated to a data
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gi ven order 0113 urther f formng sectio 51 maps
the null 51 Hn@ {uas e thec%tpme Tt Thegbraan 5o S@ﬁa?ngéi& at or

126 to t hesyIHRLdl anmfol matibashsviath ItBUmchdﬂizuail pilot n;eetddeld tlorthe dRE@daby, t he

Il dat - i t
area set ?i%ﬁ%gﬁﬁesﬁ‘l%?@ﬁ Epg) i 3%%%%%. gl ihutd e B bRER] °
t r ansnPt t echawstrabritinfaRgiongs Wﬂcﬁ niarpnlag HOEGeT, ARG @n,

a transm %ﬁlo@%ﬁbp&ﬁg@blﬁioﬁm&m HR@&U@@@& cﬂd@f)D an STBC, or an SFBC

(01187 Thdob TR o' RO FID e ahaE sp S p B npiptn *°
respecti v@ymhobdta@ oftpthdrave tioFDNE datameed sigmizhgeretarol261®1the iU

adds and Qufhdtiasds & VRU iaMek iitfoRhatiby 1ﬁ@1eaasaa5ﬁtuerﬁﬁn Wata arda0116]
The transm tters. 155 c%verts g bas&and nal

T B0 Tk atiohs i R Hb o Brghal dgPA BrenseiPbE Pty
band, and [QDlﬁuTbEUBdtvhﬂuaﬂlcghtrbt egunehzytrangmitked wthotth betrgsformedt i on

antenna. |[; Q%g%alﬁugﬁﬁﬂyﬂﬂé ls?fugﬁoﬂ Ex ﬁzafé)%ﬁlgﬁoﬂ\’g ier Q%y gécﬁﬁﬂ?l?éc siith as

configuratign
enbodi ment? 4P0h ancy EPbnean FH (G %pplmddo abie %nbmaweameg&rlaﬁhe
i I'lustratirsgepricsoqidlgsy ation of the terminal device 200 according to

the first d T | G
o neh Gaed ST ETETRET AR SL 150,000 a0 I A0 e el
D ocor vor < onLtsipt sbh N DAL fies-brimine Radie 15bsmdadtaambiututs
esti mat or aZéizenaﬁc1M;M@f1&Q§ﬁglymgmmé1%@ssor 209, a decoder 211, a

d |'ect ti t t
Fecdback i mdbf Sritanbidt dpb S5arens pAGind wftal goh] fig 24 2
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recei vers g203isS gQY LR Qiatgpgmqﬁﬁg{rgl:ing a configuration of the terminal

device 200 according to the first embodiment. The terminal device 200

25  illustrated in FIG. 6 includes a plurality of reception antennas 201, a
plurality of receivers 203, a control information extractor 205, a channel
estimator 207, an MIMO receiving processor 209, a decoder 211, a precoding
weight selector and reception quality estimator 213, a feedback information
generator 215, a transmitter 217, and a transmission antenna 219.

30 [0118] The plurality of reception antennas 201 receive the high frequency
signal from the base station device 100.
[0119] The plurality of receivers 203 convert the high frequency signals
received by the respective reception antennas 201 into the baseband signals.
The signal processed by each of the receivers 203 is output to the control

35 information extractor 205, the channel estimator 207, and the MIMO
receiving processor.
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35 information extractor 205, the channel estimtor 207, and the M MO
receiving processor. [0120] The control information extractor 205
detects an individual control signal addressed to a own term na
device, including the individual 1D information on the own term nal
device fromthe individual control signals notified of fromthe base
station device 100. Then, the control information 5 extractor 205 of
the term nal device 200 extracts the resource allocation information,
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recei ving cﬂgﬁ)ﬁasess?m%gg 28?%;{8.‘%&8“[918 1981%&49 spatial streams allocated by
PSI=1 to Mt, which are included in the Mt spatial streams, and performs the
25 channel estimation. When the number of reception antennas is Mr, a

channel matrix H representative of the MIMO propagation channel includes
an element h(n, m) of Mr x Mt. In this example, n=1,..., Mr, m=1, ..., Mt,
and h(n,m) represents a channel estimate value when an m-th spatial
stream (that is, a spatial stream including the pilot sequence of PSI=m) is
30 received by an n-th reception antenna.
[0124] When the individual control signal that performs the multiuser
MIMO transmission, which is transmitted to the terminal device MS#n, is
included in the control information extracted by the control information
extractor 205, the MIMO receiving processor 209 performing the MIMO
35 recelving process on the spatial stream that is subjected to the multiuser
MIMO transmission, on the basis of the control information included in the

26



35 receiving process on the spatial streamthat is subjected to the
mul tiuser M MO transm ssion, on the basis of the control information
included in the individual control signal and a channel estinated
result Hfromthe channel estimator 207. The M MO receiving process
uses a |inear receiving process using an inverse matrix of a channel
matri x such as an MMSE or ZF (zero forcing) on the basis of the
channel estimated result H the pilot sequence 5 information PSI for
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25 [0129] In the terminal device 200 according to this embodiment, the
reception antennas 201 and the transmission antenna 219 are dealt with as
separate parts, but the same antenna may be shared. Also, a plurality of
the transmission antennas 219 and a plurality of the transmitters 217 may
be provided to perform directional transmission.

30 [0130] Subsequently, a description will be given of a processing procedure
between the base station device 100 and the terminal device 200 in the first
embodiment with reference to FIG. 7. FIG. 7 1s a diagram illustrating a
processing procedure between a base station device 100 and the terminal
device 200 according to the first embodiment.

35 [0181] In Step SI, the base station device 100 periodically transmits the
pilot signal (common pilot signal) not multiplied by the precoding weight
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together with the control information signal. [0132] In Step S2, the
term nal device 200 extracts the common pilot signal, and cal cul ates
the channel estimate value in the channel estimator 207. [0133] In
Step S3, the term nal device 200 sel ects the precoding weight 5

hi ghest in reception quality fromthe several precodi ng wei ght

candi dates on the basis of the channel estimate value estimated in
the precoding wei ght selector and reception quality estimator 213,

and esti n%%ét}fe?%v ﬂf;gﬁ@gdlﬂ ol%?dﬁr{éhdnnmgﬂéls situation. [0134] In Step
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[0137] In Step S6, the terminal device 200 detects the individual control

signal addressed to the own terminal device in the individual control signals
notified of from the base station device 100 in the control information

25  extractor 205. Then, the terminal device 200 extracts the resource
allocation information, the MCS information, and the mode information
which are the control information included in the individual control
information addressed to the own terminal device. When the extracted
mode information is indicative of a mode for performing the multiuser MIMO

30 transmission, the terminal device 200 further extracts the stream number
information and the pilot sequence information.
[0138] In Step S7, the base station device 100 generates the individual data
signals and the individual pilot signals for the number of transmission
antennas (Nt).

35 [0139] In Step S7A, the base station device 100 transmits the individual
control signal to the terminal device 200, and thereafter transmits the

28



control signal to the term nal device 200, and thereafter transmts
the individual data signal. [0140] In this exanple, the term nal

devi ce 200 perforns processing in Steps S8 and S9 with the use of the
i ndi vidual control addressed to the own term nal device extracted by
the control information extractor 205. 5 [0141] In Step S8, the

term nal device 200 perforns the channel estimation of the M MO
propagati on channel in the channel estimator 207. [0142] In Step 59,
the term qﬁhlﬂgyélqpatg(g@grgﬁrforns an error correction decoding process
of the |n3| V%{% ? 1gata Si gnal recei aﬁd fromthe hase station device
100 in St Nithys RanieethsrictNang sigice 400 REAFBFHARTOSFSRE the
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user havi %Soéég% 2@1@%&&3d5e§%rce to be inproved. [0145] Also, in

this enbo r] ase station device 100 uses the null data area
for a par O3l Ae dssrmbeshalioyes 11 this sgbodiment, aw theteymninak device o5
t her eby endltateg 10N shebashsiatdh devicer foDr enee thettemaimsl kevipaooal
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qual i user

resour ce GalmltWéEEnngﬁrrp? bvetime Mhe]l\/II&rMéMO ﬁaﬁlﬁmslsséﬁﬂb@dwﬁé*w t he
base st at i;@Qi@lqy be&£htAA18LES thetHY l@ibilfly of the MU-MIMO allocation can

be enhanced.
[0144] Also, in this embodiment, the base station device 100 transmits an

20 additional parity bit (or repetition bit) to a part of a portion that is less than
the MU-MIMO area, thereby enabling the reception quality of the user
having small allocation resource to be improved.

[0145] Also, in this embodiment, the base station device 100 uses the null
data area for a part of the portion that is less than the MU-MIMO area,

25 thereby enabling the same channel interference between the spatial
multiplexing streams to be reduced. As a result, the reception quality of the
users other than the user having small allocation resource can be also
improved.
f0146] Also, in this embodiment, the base station device 100 sets the pilot in

30 the null data area as the null pilot, thereby enabling the reception weight
reflecting that the number of spatial streams is reduced in the null data area
to be generated in the terminal device 200. As a result, the reception
diversity effect can be enhanced to enable a remarkable improvement in the
reception quality.

35 [0147] From the advantages of the above-mentioned embodiment, in this
embodiment, a bias of the reception quality between the spatial streams

29



30 the null data area as the null pilot, thereby enabling the
reception weight reflecting that the nunber of spatial streans is
reduced in the null data area to be generated in the term nal device
200. As a result, the reception diversity effect can be enhanced to
enabl e a remarkabl e i nprovenent in the reception quality. 35 [0147]
From t he advantages of the above-nentioned enbodinent, in this
enbodi nent, a bias of the reception quality between the spati al
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individual control signal generator 133, the encoder/modulator 135, the
individual pilot adder 137, the precoding controller 139, and the
beam-forming section 141.
35 [0151] Differences of the base station device 100A illustrated in FIG. 8 from
the base station device 100 according to the first embodiment illustrated in
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FIG 1 reside in that the additional data area setting section 111 is
replaced with an additional data area setting section 111A and the
null data area setting section 113 and the null data area signal
generator 126 are replaced with the spatial stream power controller
143 provided in the individual 5 control signal and individual data
signal generator 120A. The other configurations are common to those
in the base station device 100, and the conmon configurations are
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25  That is, the MU-MIMO area is defined by the following Expression (2).

[0155] [Expression 2]
[min(RA_ START#n), max(RA_START#n+RA_SIZE#n)] (2)

[0156] TFurther, the additional data area setting section 111A sets the

additional data area for transmitting the additional data with the use of all
30  of the resources in the resource area (hereinafter called “unfilled resource

area RA_ UNFILLED#n”) where the resource allocation area [RA_START#n,

RA_START#n+RA_SIZE#n] for the terminal device MS#n (n=1 to S in this

example) is less than the MU-MIMO area.

[0157] Then, the additional data area setting section outputs the additional
35 data area setting information set as described above, the area information on
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5 informati on generator 123, and the spatial stream power controller
143. [0158] The spatial stream power controller 143 controls the
transm ssion power of the spatial streans on the basis of the setting
status of the additional data area. That is, because the additional
data area is set for the spatial streans of the termnal device in
whi ch the resource size is smaller 10 than the MJM MO area, an

i nprovenent of the reception quality due to the additional data is
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data area . } . .
represents a release index (LRU index expression) of the LRU basis.

25 [0160] Also, hatched blocks in the figures represent the additional data
areas. Also, ranges of both arrows indicated at the right of the axis of
ordinate in FIGS. 9 and 10 schematically represent magnitudes P#1 and P#2
of the transmission powers for the respective indexes #1 and #2 of the spatial
streams. That is, as the spatial streams are larger in the ranges of both the

30 arrows indicated at the right of the axis of ordinate in FIGS. 9 and 10, the
transmission powers are larger.

[0161] As illustrated in FIG. 8, the spatial stream power controller 143
performs a control for increasing the transmission power P#1 on the spatial
stream of the terminal device MS#1 in which the resource size is

35  substantially equal to the MU-MIMO area.

[0162] Also, as illustrated in FIG. 9, because the additional data area is set
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5 transm ssion power P#2. [0163] As illustrated in FIGS. 8 and 9, the
transm ssi on power control of the entire MJM MO area is perfornmed on
the LRU basis while the individual pilot signal and the transm ssion
powers of the individual data are kept equal to each other or at a
predeterm ned power ratio. As a result, the data 10 can be

denodul ated wi t hout providing an additional control signal. [0164] As
descri bed above, in the base station device 100A according to the
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i siondh bed ( )

(RA_PLACEMENT), the LRU in the null data area is distributed in a
plurality of PRUs. For that reason, when it is assumed that the pilot signal

25 in the null data area is the null pilot signal, data out of the null data area is
included in the PRU, and the channel estimate precision in modulating the
data may be degraded.
[0166] FIG. 11 illustrates an appearance in which when LRU#4 is the null
data area, the LRU#4 is distributed into a plurality of PRU#1 to #4 as the

30 PRU. Asillustrated in FIG. 11, the LRU#4 of the null data area 1s
distributed into the plurality of PRU#1 to #4 as the PRU by a subcarrier
interleaver {or tone permutation). Because the pilot signal is used for
modulation of data out of the null data area, there i1s a need to transmit the
pilot signal in the null data area as usual. However, when the CRU is used,

35  the pilot signal in the null data area is set as the null pilot signal, as a result
of which not only the same channel interference between the spatial
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5 degraded when the distributed mapping (DRU) is used as the

al l ocati on nmethod (RA_PLACEMENT), a base station device 300 according
to the second enbodi nent newly includes, in addition to the
configuration of the base station device 100 according to the first
enbodi nent, a resource allocation nethod detector 301 that detects
whet her the resource allocation 10 is the distributed mapping or the
conti nuous mappi ng according to the resource allocation information,
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si gnal gerenarber 30%. amﬁv@uahcqmr@ segnatomd wdividual datatsmgngli r st
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detail ed %l'ep w .l _be am tt([?g5 [0171] The resource allocati on

nmet hod de tﬁrqfﬁ]earnsé‘}?ﬁﬁé% only RA PLACEMENT (CRU DRU) from
t he resourd@Es4l Dmﬁaielnoes ofthermee istatidddvico3 8%l udteted 3n FlGc LA drongy

RA_SI ZE#1 11,018 «{2Ricn R 1E130(Padtsrding to the first embodiment illustrated in
FIG. 1 reside in that the resource allocation method detector 301 and the
30 pilot transmission controller 302 are additionally provided, and the

individual control signal and individual data signal generator 120 is replaced
with the individual control signal and individual data signal generator 320.
Configurations common to those in the first embodiment are denoted by
identical reference symbols, and their detailed description will be omitted.
35  [0170] Also, a difference of the individual control signal and individual data
signal generator 320 illustrated in FIG. 12 from the individual control signal
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10 RA PLACEMENT (CRU DRU)) extracted fromthe resource allocation
information extractor 109. The resource allocation nethod detector
301 then detects whether the resource allocation is the distributed
mappi ng (DRU) or the continuous mappi ng (CRU). [0172] The pil ot
transm ssion controller 302 controls the pilot transmtting 15 net hod
to set the pilot signal in the null data area signal generator 326 to
the null pilot or the normal pilot transm ssion. [0173] That is, when
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the p110t transmission controller 302 controls the pilot transmitting method
to set the pilot signal in the null data area signal generator 326 to the
normal pilot transmission. In other words, when the resource allocation is
30 the distributed mapping (DRU), the base station device 300 transmits the
normal pilot signal in the null data area.
[0175] The null data area signal generator 326 generates the signal of the
null data area on the basis of information on the null data area RA_NULL#n
for the terminal device MS#n (n=1t0 S). That is, the null data area signal
35 generator 326 generates the symbol data of the LRU included in the null
data area RA_NULL#n of the spatial stream #n addressed to the terminal
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15 [0177] (Third Enbodi nent) In the second enbodi nent, a
description is given of a case in which the continuous mappi ng (CRO
and the distributed mapping (DRU) are used as the resource allocation
nmet hod. However, when the base station device 300 according to the
second enbodinent is applied to the term nal device to 20 which the
M.D receiving systemis applied in order to enhance the M MO
reception quality, there arises the follow ng problens. [0178] The
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device that includes data addressed to the own terminal device in the null

25 data area performs the MLD reception including the null data area. In this
case, the pilot signal in the null data area is transmitted by not the null pilot
but the normal transmission power. However, because data to be
transmitted 1s the null data, the terminal device that performs the MLD
reception generates an erroneous reception replica, and largely degrades the

30 reception characteristic in the MLD receiving process. FIG. 13
schematically illustrates the resource allocation status in a two-user
MU-MIMO mode. The axis of ordinate in FIG. 13 represents an index of the
spatial streams, and the axis of abscissa in FIG. 13 represents a resource
index (LRU index expression) of an LRU basis. Also, blocks hatched in the

35 figure represent the additional data area, and areas not blocked which are
indicated by arrows in the MU-MIMO area represent the null data areas.
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15 Conversely, because the nunmber of replica candidates is reduced,

t he characteristic of the M.D reception is inproved. [0180] In the
third enbodi nent, a description will be given of a configuration of a
base station device 500 and a configuration of a term nal device 600
for suppressing the degradation of the M.D reception 20
characteristic at the term nal device that perfornms the M.D
reception. [0181] FIG 14 is a block diagramillustrating the
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30 [0182] Differences of the base station device 500 illustrated in FIG. 14 from
the base station device 300 illustrated in FIG. 12 reside in that the repetition
symbol data area signal generator 503 is newly provided in addition to the
configuration of the base station device 300 according to the second
embodiment, the pilot transmission controller 302 is replaced with a data

35 transmission controller 502, and the resource allocation method detector 301
is replaced with a resource allocation method detector 501. The other
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[0185] As illustrated in FIG 15, in the spatial stream addressed to
the term nal device MS#2, the signal of the synbol data using the
sanme nodul ati on system as that of the additional data area on the LRU
basis is generated in the known repetition synbol data area. 25
[0186] The data transm ssion controller 502 is configured to switch
bet ween an output of the null data area signal generator 326 and an
out put of the repetition synbol data area signal generator 503
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sequence information PSI for the spatial stream addressed to the own
term nal device or another termnal device, which is an output from
the control information extractor 205, and the nodul ation information
included in the MCS information. The M.D receiving process may use,
for exanple, 5 a technique disclosed in Non-patent Literature 4.

Then, the M.D processor 622 outputs a soft decision value of the LRU
basis of all the spatial streans to be subjected to the nmultiuser

transm ssi n h
e mos dafiyidu iR A SRANE eddiheA) ﬁzd % EREbltlch Mgy Gk (B8 S8hource

? %rp éﬁl{ 624 stores
the known 3losatipRinthegisabuted mapring; P &g @ta #ﬁ@sm@@m tion
synbol i s coutplier 602 chrtroBpad otiipan of yliiéf)ﬁépeaitm dyailedlidaga dedesibanl 623.

01931 The.L8PSbl Eb8 T, BYThRL: A'R2 IBL AN doABhPGLRL DA FADNRN] Satd®

soft deci Sl on val de processo
deci si 6n vagned. geﬁh@ﬂimfi @ repetition synbol area matching-detector

62? dft ?Ct[g1@8]1§u5961§1e$133$7n§ﬂe§511ﬂtﬂﬁ1 Bl e Iﬁéffli’lcdiﬁig%@aﬁﬁﬁ of fiee
out pu r

o b rat PR RS R B P ther i e BED e LR pe et i D TE

repetitionlGyd6l lanea ek degrsba HlluftodGbg thlmeanﬁg“m'atlep@f thd tﬂrn‘syabol
area mat ChyRa-AdRjSLd %gﬁdlﬁ €30 Lﬁ@? g] H rﬁ@@t C‘T‘h%' t%iﬁ’ﬁ‘&ﬁ &éfmée*’lﬁ)d‘ar d
$8

deci si on v lue a out pu 6%% 4 is
a givéf vd yerage G bpeine 19&?@%"’6@8?%{@%33 put s
t he deci SIl:ﬂﬁlarlﬁyld)lftledeﬁ)vdlb@OM.fhepa’md:&ﬂ&@fmﬁ%&o&%ﬂ:fm:tcﬁltﬂ05 shebbénalea.

[0195] W‘%’%mﬂh%% gq% %E%Ilﬁﬁ%le v?ﬁgt?ﬁ dcﬁ/ﬁ%ncdoﬁdﬁ?e &ébog?‘z’éﬁ t}fp of the

spatial stre frobessor énerates .a
replica 2PrEepding Blelalieselsmeio n%arecvntlp@ agebiyeimatare 3 i%fe@fibac

gener at i ngnfdihatRml deb@rator t2115 WD rahoe 36021 H2hduhetthgndraskidnof t he

deci | t t d 6 d
et SuaT TR0 AN EREL %?%héﬁ?%ﬁ#?@@ﬁ%ﬁ%@%ﬂf@ 16
r emai ni ng ftomdébe d@-mmslgétie*ahe 200 acergdiniet tie thirdivgt embpdinmentitinbiratad in
l'i kel i hoodrres el 1%§fd!e9”n%h@RHEMO 1e§@v{r{%]1%%]:es'gﬁﬁ6b§réﬂd‘ﬁ{e slay) ce 600

according to,the third enbadi an i ption

Char act oF ICCRREUGHIS e AT IH Tt bRt The L TahdEaru ZG es t hr ough
t he above-Gmfiguoagdndvidn meadothoge jr hedsst efubbdithesadedsawidbbly above,
in thig eﬁ@&%éﬁ%ﬁeg&%&gﬁ&%lé’%ﬁfd ﬂTl%f r 4480EA ﬁ@%&ﬂh&ﬂ‘%ﬂ?hé Qﬁﬁ£ﬂe

resource ilze I S ocat t.1 user ase
station déi¥¥ The teapinal deyicgfOR acerrding i thie exbediaentaran | lénm@e
conti nuoushampIpDngce(ﬁRhi) quilive Adthg tloRILD a¢@idbng dro@es in s m tti ng

the —addit] 8&?11 ?IP%%]!PBXI [?Atta 4185 tﬁe&gﬁ{ ttheoﬂl o?ésts nrgd@f‘%‘iile fl\fflﬁvlbel“e%ﬂz'lﬂ

area as the tTon 1 hat
is |ess twapcashe GRS Mm@eam#éen hp@u@ﬁunaﬁ@nsqfébpé\{lll\ﬂﬁrl@mvmg the user

in whipgh tﬂ@@ee@lsélo@@g wgm b ASOMTISR] 1% &Rail Sviti@SefebdinR thFIGMIZM MG alea,
and sets, é 2)1)13,\'{?( cﬂagl aemrﬁagtlfzritmg a configuration of the MIMO receiving
processor 609. The MIMO receiving processor 609 illustrated in FIG. 17
includes an LRU basis symbol data converter 621, an MLD processor 622, a
repetition symbol area matching-detector 623, a known symbol memory 624,
30 and a repetition symbol area decider 625.
[0190] The LRU basis symbol data converter 621 permutates data of the
PRU basis into data of the LRU basis on the basis of output data of the
receivers 203 for each of the reception antennas 201, and outputs data of the
LRU basis to the MLD processor 622.
35 [0191] The MLD processor 622 performs MLD processing on the basis of a
channel matrix H that is an output from the channel estimator 207, the pilot
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5 allocation is the distributed nmapping (DRU), "additional data area"
for transmtting the additional parity bit (or repetition bit), and
"repetition synbol area" for transmtting the known identical synbol
on the LRU basis, on the LRU basis, respectively. As a result, even
if the resource allocation is any one of the continuous mappi ng ( CRU)
and the distributed mapping 10 (DRU), the reception characteristic is
prevented from being | argely degraded by generation of the erroneous
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suppr esseqpe symbol of the remaining undecided spatial streams with the use of the
maximum likelihood estimation standard.

30 [0196] The terminal device 600 according to the third embodiment can
improve the MLD reception characteristic by reducing the number of
reception candidates through the above-mentioned MLD receiving process.
[0197] As described above, in this embodiment, when the user not identical
in the allocation resource size is allocated to the multiuser MIMO user, the

35  base station device 500 sets, (1) when the resource allocation is the
continuous mapping (CRU), the additional data area for transmitting the
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10 [0203] [First Modified Exanple of Term nal Device 6001 In
the third enbodi ment, in the base station device 500, instead of the
null data area used in the first enbodi nent or the second enbodi nent,
there is used a transmtting nmethod in which transm ssion using the
repetition synbol data area is performed to enable an inprovenent in
the 15 reception quality even in the term nal device 600 that
performs the MLD reception. However, the present invention is not
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allocation resource size is allocated as the simultaneous multiplexing user

25  during the MU-MIMO transmission, thereby being capable of reducing a
load of scheduling, and enhancing the flexibility of the MU-MIMO allocation.
[0199] Also, in this embodiment, the base station device 500 transmits the
additional parity bit (or the repetition bit) to a part of a portion that is less
than the MU-MIMO area, thereby enabling the reception quality of the user

30 having small allocation resource to be improved.

[0200] Also, in this embodiment, when the resource allocation is the
continuous mapping (CRU), the base station device 500 uses the null data
area for the spatial multiplexing stream, thereby enabling the same channel
interference between the spatial multiplexing streams to be reduced.

35 [0201] Also, in this embodiment, when the resource allocation is the
continuous mapping (CRU), the base station device 500 sets the pilot of the
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[0209] When a difference of the received power is a given val ue or
nore on the LRU basis, the null data synbol area decider 639 decides
that the area is 15 the null data area fromthe conparison result of
the recei ved power conparator 638, and outputs the decision result to
the M.D processor 632. [0210] The M.D processor 632 perforns the M.D
processing on the basis of the output result of the null data synbol
area decider 639 on the LRU basis. That is, when the determ nation

result of ffieqadldre aaIsachﬁmpf)ﬂﬂ; s%athgg@héj%ceggoﬁ%ﬁ’vél%lt?%TfeEﬂ,eaM|
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devi ce GO&AarMenshsc attmﬂmmblectoéhadpg@datmnmé the chamad] cdtw afe0600
S‘r?ggreg's:‘g pHQcﬂéi&ﬁ ﬂq%fe%ﬁﬁﬁﬁ(i'drﬁgic&le?@%ng{% éfﬁ?é@és%@&e ”th ;82?3 l\/hg
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as it is. [0212]n fike tlsid bbhdioflireente xamind bawf stBtisa dstvadkei 500, DesteaadoH5001
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third 35e I nst ea ta area use
enbodi mentheye sHsed adaansambiag Retiod wehiehi tsaraﬁgwswnﬂrsaﬁ% #e t i ng

met hod i n rebétstion bmbsm@t&l 438aUs padothed t@ﬁ@éblb la@ﬁnﬁmﬁb@heflahatw ea
is pe O enent n.t e, | ven
i DheStertremipraaBiig 2Bs ihS eI Re Hvibh R FER e e i agver
the pr esenecqprﬁm@nt Hrweverridie fresintadventiothissnadihitgditathion. As a

nodi fi ed %Eﬁﬁ@ﬁl%t%fn t D‘@c&ﬂ%‘%uﬁl@ﬁ 'aﬁﬂ o%ifdt&ﬁl @Qter%uﬁapaéﬁcéég{@A Rat
devi ce 500A not o trol . info
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T anem ot Suapeo e, Sxhmid of thadGr amnaldepiee G SRR 20 he TREA nui |
data area ei:r:rbodnmtah’emE batdneahﬂs&dbdnw: nln blee ferdiiuaddeatice80@4,0l si gnal
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Modi fi ed @¥eGAsP éo ﬁ?ao%le@e‘ﬁegénébé%lst embodinigntiggithe seeans e
in the remﬁiboﬁumun’syﬁbbé aflplied as é¢taissi gnal generator 503 of the base

station dagicg RURGAREACS: DR {Aathe dMLCRIPATLIBN or kG0N 600

synbol data 1's genera
i nvent i on aceording 1o ihettdard embedisnandriflngfuated iorF IGEk6 wepidesiia thabthe

seconds 15 BMDfﬂe@&Vﬁ@mc@s%i 60b&s basiacsd #ithonVIBYO GecdiPihg robaser
station d%\(l)bge ﬁ%e other configurations are common to those of the terminal device
600, and therefore their detailed description will be omitted.
[0205] A description will be given of a configuration of the MIMO receiving
processor 609A of the terminal device 600A with reference to FIG. 18. FIG.
30 18is a block diagram illustrating the configuration of the MIMO receiving
processor 609A. The MIMO receiving processor 609 illustrated in FIG. 18
includes an LRU basis symbol data converter 631, an MLD processor 632, a
pilot symbol data part power measurer 636, a data area part received power
measurer 637, a received power comparator 638, and a null data symbol area
35 decider 639.
[0206] The pilot symbol data part power measurer 636 for each antenna
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may use the individual data of the term nal device using the
repetition synbol data area instead of the known synbol data. The
base station device 500B will be described below [0214] In this
exanple, a difference of the base station device 500B fromthe 20
base station device 500 of the third enbodi ment resides in that the
repetition synbol data area signal generator 503 is replaced with a
repetition synbol data area signal generator 503B. Only the

confi gur aélétgﬁtﬁ'gg aﬁ%%?ﬁ%eol%c&@g&rg)gtve%%k l;hepgat%_eﬁ%ﬁélaﬁqﬂ a%ﬂ qlnttafr}a on e
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|ncI uded 'd%,?t he repetition synbol data area. [0217] [Second Modified
npl e of erm nal Device 6001 When the base station device
SOOB t hat (0209 YWhemna diffrienced iheawptized powheipagventvalionr dwrp e 500

SCCOV di ng the UH[@bbEh'sr&eQ’[ﬁlf : ﬁQEfl\;lpf\%lbtﬁ ali‘éﬁ@e@ﬂeﬁ%@ﬁe@éé@%lgét&%lbgﬁea is
evi c ration o recei vin cessor 0 e
Corm far  dboPed die e fety Sheteimeires Yot & BERPETked BORE | nar
reason, acdmperajoricds, mnd butmpitgithe decfionheseldrib ithye MILD arrogasdor 632.
888&6‘;'5 Ot” rg@fﬁ 18(2}2'(1)‘%{5 W.D%ﬁ%bé’ésl?ﬂ (35 Eﬁ%ﬁ% tﬁ@ Q/RJD ri')ﬁ gcletsgi(rarf\%]l dgf;‘%hed@ééw@f
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the detailed description ommn ‘configurations. w
onmitted. Periopmsdghe premab M proerssinge Sbphecether hppdvwhendhar p

reception d@t@hhhﬁu&;ﬁ rasiilt aﬂt}tehmlwbla)car 8aeholi dga HeEaes639 ik ﬁH@lel data

v ce. [ Q5 e tRLE Bt SRRPrebatapd dhettrotdentii B ofte skl 8 Fene
M MO r ece|d\atrn gypbekedbospatiobstireamiraldr e$a¢drtalandélwcﬁéa1a@@ Bxegipt or the
referggce stQahl Qadﬂeeseﬂo@helo%m Se18ninhDQkvide, adiBLE bhdIShN ek AGrdD8s
configur agci'lo dattQ € Ml cl\ﬁﬁf) pl%cessm 632 generates the symbol replica of
the other spatial stream, and performs the MI.D processing.
[0211] As described above, the terminal device 600A that is a modified
example of the terminal device 600 according to the third embodiment adds

30 the above-mentioned MLD processing to the normal MLD receiving process
s0 as to apply the null data area used in the first embodiment or the second
embodiment as it is.

[0212] [First Modified example of Base Station Device 500]
In this example, in the base station device 500 according to the third

35 embodiment, instead of the null data area used in the first embodiment or
the second embodiment, there is used a transmitting method in which
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20 processor 609B in the term nal device 600B. The M MO receiving
processor 609B illustrated in FIG 19 includes an LRU basis synbol
data converter 641, an M.D processor 642, an LRU basis hard deci sion
val ue nenory 643, a repetition synbol area natching-detector 644, a
| i kel i hood val ue updater 645, and a repetition synbol area decider
646. 25 [0220] The LRU basis synbol data converter 641 pernutates
data of the PRU basis into data of the LRU basis on the basis of the
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thereof will be described, and the detailed description of the common
configurations will be omitted.

25 [0215] The repetition symbol data area signal generator 503B generates a
signal of the repetition symbol data area with the use of partial data of the
terminal device MS#n on the basis of the information on the null data area
RA_NULIL#n for the terminal device MS#n (n=1 to S in this example).

[0216] That is, the repetition symbol data area signal generator 503B

30 generates the signal of the repetition symbol data with the use of the symbol
data included in the last LRU addressed to the terminal device MS#n using
the same modulation system as that of the additional data area on the LRU
basis as the symbol data of the LRU included in the null data area
RA_NULL#n of the spatial stream #n addressed to the terminal device MS#n.

35  Also, the repetition symbol data area signal generator 503B generates the
normal pilot signal as the individual pilot symbol included in the repetition
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20 [0225] Wen the repletion synbol area is included in the part (Yk)
of the spatial streams (Y1, Y2, ..., Ys), the MD processor 642
generates a replica in which the synbol of Yk is decided at the tine
of generating the replica in the M.D processor 622 on the basis of

t he synbol decision result fromthe |ikelihood val ue updater, and
perforns the MLD processing for estimating 25 the synbol of the

remai ni ng undeci ded spatial streans with the use of the maxi num

I| kel i hoo tandard. [0226] As descri bed above, the
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t he recep 1 on can_be applied to an area o

more, and 6088 ua?letetd/vél BIG st mchydep ggsLRY hases sipkdl dasa eenvestenfi4ni n
one LRU. an MLD processor 642, an LRU basis hard decision value memory 643, a

repetition symbol area matching-detector 644, a likelihood value updater 645,

and a repetition symbol area decider 646.

25 [0220] The LRU basis symbol data converter 641 permutates data of the
PRU basis into data of the LRU basis on the basis of the output data of the
receivers 203 for each of the reception antennas 201, and outputs the data of
the LRU basis to the MLD processor 642,

[0221] The MLD processor 642 performs the MLD processing on the basis of

30 the channel matrix H that is the output from the channel estimator 207, the
pilot sequence information PSI for the spatial stream addressed to the own
terminal device or another terminal device, which is an output from the
control information extractor 205, and the modulation information included
in the MCS information. The MLD receiving process may use, for example,

35 atechnique disclosed in Non-patent Literature 4. Then, the MLD processor
642 outputs a soft decision value of the LRU basis of all the spatial streams
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[0229] FIG 20 schematically illustrates a case of setting a
repetitive synbol 20 period with 1/N of the LRU as a unit in the
two-user MJM N node. The axis of ordinate in FIG 20 represents an

i ndex of the spatial streanms, and the axis of abscissa in FIG 20
represents a resource index of the LRU basis. A]so, blocks hatched in
the figure represent the additional data area. Also, it is assuned
that the termnal device MS#1 is the M.D reception conpliant 25
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of the addrasioheyd %e&esamawahledpe{nw 6pdtand the yepghition sympwl apsa

enabl i ng tiigtchkwdg-deteetdrdd4c | nprovenent in the repetition synbol

ar ea. WZﬁgbzg%hgugﬁ 1%rsisgﬁgr Nl AN b EPRES LY BB Odl B L S
the ant enrfag“30-ar applTe AN aft enna port |§73|_m?%rell¥‘ pl |_8_3 | e.
The antenrvd theseft weaiswnavalugifican thnmMedd arewsasingidZimtoyhoharodeqpsional
hyei ool S o . Bt erna. c0nf) gur o, by plural
bt ennas. TBerslathatueHhtn SrobeEa oA B el Rarpit A4 tsE s he | eq
by the nurdvgpubéf fhieysitcddcisitn satverfoas the MLBumongssbhé4amterthe hpodt
but speci Bie?%itﬁ?v@iu@f L AU fud LR ﬁﬂﬁ'&l@tc{}c@@a%ﬁﬁs&h@& bPthd ©
transmt | ere ﬁ?‘pl’ er.ence |gnaqlls ﬁ S(g, t.he antenna port §§e
speci £Ped cRBVEFtHT HAFAAREIRIOR YEUHE D thehpr 36%81,9@@@3%@*&%@%&8 1]
Al so, the baeipleatd deidicmehlvenabmblv64s, whiet Has 4 timedddsay bpttho L RIT t he
above 1 eSREl) Ve GIDRHLINL 3 A E b YPLE ALt GALE B AR, AL kb A 1S
an 5 integratéd circuit. Eacﬂ 0 gse FUne |onaé ocks ma?_%e

i nt egr at edyirod agrremahtlangsleterden edbeutguts dhe ednyestetdrardi degision| ocks
may be i nte@iaiethd HfOdNG0ARaRie diftBe k:Sbetitiod By BbEXARRIE thR)ikBEhood

called_an | a st LSI, a super LSI, or an ultra LSI depending on
a di ffdtéreﬁ’@gu%\‘lpa%tteég%ti on. [0232] Also, a technique of the

i nt egr at ed0224lcThe likelihood Kaivietwgutiater 642 upites 1he bikeliheyd balueodithe ed
by a dedi %g%ﬁgl Sirb &M tha REm ALEEHE bRlaP YLRASHItRLAE 36 OF the NYJeBitiTRY be

used an FPGA (tield rora([m‘ale te array) .that is progr bl
o ter mandP AR A5y a3 dtej ,esége sypbebos F@%l\%fﬂﬁ & Hﬂ%@@%ﬁ ielzhoed
reconfi guralidie connection or setting of a circuit cell within the
LSI. 23 r;ﬂg i f. q.ﬂggl!] Lo i it L. Lt Lch is
subst %tg ut ggz% or n;[ %ng eg%ettgopp a):agcggﬁégé soin{(l’hgtwggléet?% %ﬁ]gﬂgfdﬁﬁg
seni conducPaiiat gepmes d¥Y: Be: -andthdhe MEeRIBPeRPFOIEHS GRRPIAMSI BT t he
L unct i ﬁna:in W1dek shereymbel ofWlegy ddcadbdoyt theaime of Basd@ddng the rﬁplicabin
i ot echno y. he a hed. 10234 resent inventi has..been
Gescr bod PRNEER R BERRPLL i the B of Ufe PLRRG e Rt R AP0
Hovever , iltkelibapd vhlieappiaten and pe2frowahe KV LDeprocessifogrestintaiing he
present | RKERYINPGE] SO HeteRfhiNAg GhtRdcid A akia® dt:@h nfE0F 1t B Ghe ot fiaut
departing framt hﬁ' Sﬁh]‘ | & %gd g.copg of the present invention. [0235]
The preseaFRAERLIGHDPd gsiimatigh s %‘iﬁ%élse Pat ent Application No.
[0226] As described above, the terminal device 600B that is the second
modified example of the terminal device 600 according to the third
embodiment can improve the MLD reception characteristic by reducing the
30 number of reception candidates through the above-mentioned MLD receiving
process.
[0227] [Third Modified Example of Base Station Device 500]
In this example, the repetition symbol data area signal generator 503
of the base station device 500 according to the third embodiment transmits
35  the known symbol or the repetition symbol using a part of the user data to
the repetition symbol area as described above. Then, the unit of the
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2009- 173369 filed on July 24, 2009, and content thereof is

I ncorporated 25 herein by reference. Industrial Applicability [0236]
The w rel ess comruni cati on device and the wirel ess conmuni cati on

met hod according to the present invention has such an advant age that
a bias 30 of the reception quality between the spatial streans can be
suppressed, and is useful as the w reless comuni cati on devi ce.

Ref erence Signs Li st [0237] 100, 100A, 300, 500: base station
devi 35 f
et ract or "TaziBISRONG ME8t b ERELIET haeld Yy AR 1RGIE AV I Lty

i nf or mat i GALBRE tathisconfiguratippa: Feggramphaltheamyt ofitbs repetition syabel on
5113: nul Im basadrﬂ)aasemelsmgalwqﬂmﬁrthélﬁ%UQﬂrhm Sequence al I ocat or

gener ifgf [9% By ”J?!ea‘%%ﬁﬁ% b8 ugPrsB5X S8t PRI cam
nunber Si nf(bF matish nyarenh ofnirhel W231In rchgmase;,eevanllwm $1®ﬂ of theor mat i on
generat or pepetition symbol area is 1 LRU, because the repetition symbol is
transmitted by plural times (N times per LRU), the characteristic
improvement is enabled in the repetition symbol area by the MLD receiving
process based on the detection result together with the detection within 1
10 LRU. However, when N is too large, a length of the symbol that performs
repetition becomes small, as a result of which when the symbol is not an
original repetition symbol, there is a possibility that consistency erroneously
occurs. That is, because there is a trade-off between the area detection
precision and the reception characteristic improvement, there is a need to
15 increase N to some degree. Taking this into account, N=3, 4, or 8 is effective.
This is because the MLD reception that improves the reception quality can
be applied to an area of half the LRU or more, and there are two or more
timings of the match detection within one LRU.
[0229] FIG. 20 schematically illustrates a case of setting a repetitive symbol
20 period with 1/N of the LRU as a unit in the two-user MU-MIN mode. The
axis of ordinate in FIG. 20 represents an index of the spatial streams, and
the axis of abscissa in FIG. 20 represents a resource index of the LRU basis.
Also, blocks hatched in the figure represent the additional data area. Also,
it is assumed that the terminal device MS#1 is the MLD reception compliant
25 terminal device. As illustrated in FIG. 20, the repetition symbol area
partitioned by the 1/N unit of the LRU is disposed on the back of the
additional data area of the spatial stream #2, thereby enabling the
characteristic improvement in the repetition symbol area.
[0230] In the description of the above respective embodiments, the antennas
30 are applied. An antenna port is similarly applicable. The antenna port
means a logical antenna configured by one or plural physical antennas.
That 1s, the antenna port does not always mean one physical antenna, but
may mean an array antenna configured by plural antennas. For example,
in an LTE, the antenna port is not specified by the number of physical
35 antennas configuring the antenna port, but specified as a minimum unit for
allowing the base station to transmit different reference signals. Also, the
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124: individual IDinformation generator 125: pilot sequence

I nformati on generator 126: null data area signal generator 131: MS
I nformati on generator 15133: individual control signal generator 135:
encoder/ nodul at or 137: individual pilot adder 139: precoding
controller 141: beamform ng section 20143: spatial stream power
controller 151: OFDVA franme-form ng section 153: | FFT section 155;
transmtter 200, 600: term nal device 25 201: reception antenna 203:

ccerveh 200 ahek PSP TL0, SH005 08 207 PR3
vector.
[0231] Also, the respective functional blocks used in the description of the
above respective embodiments are typically realized as an LSI that is an
5 integrated circuit. Each of those functional blocks may be integrated into
one chip, or parts or all of those functional blocks may be integrated into one
chip. The LSI in this example may be called an IC, a system LSI, a super
LSI, or an ultra LSI depending on a difference of integration.
[0232] Also, a technique of the integrated circuit is not limited to the LSI,
10 but may be realized by a dedicated circuit or a general-purpose processor.
There may be used an FPGA (field programmable gate array) that is
programmable after manufacturing an LSI, or a reconfigurable processor
that can reconfigure the connection or setting of a circuit cell within the LSI.
[0233] Further, if a technology for integration circuit which is substituted
15 for the LSI appears due to the development of the semiconductor technology
or another technology derived therefrom, the functional blocks may be
integrated by that technology. A biotechnology may be applied.
[0234] The present invention has been described in detail and with
reference to the specified embodiments. However, it would be apparent to
20 one skilled in the art that the present invention could be variously modified
or corrected without departing from the spirit and scope of the present
invention.
[0235] The present invention is based on Japanese Patent Application No.
2009-173369 filed on July 24, 2009, and content thereof is incorporated
25  herein by reference.

Industrial Applicability

[0236] The wireless communication device and the wireless communication

method according to the present invention has such an advantage that a bias
30 of the reception quality between the spatial streams can be suppressed, and

is useful as the wireless communication device.

Reference Signs List

[0237] 100, 1004, 300, 500: base station device
35 101: antenna

103: receiver
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213: precodi ng wei ght selector and reception quality estimtor 215:
feedback information generator 217: transmitter 219: transm ssion
antenna 35 301: resource allocation nethod detector 302: pilot

transm ssion controller 320: individual control signal and

i ndi vi dual data signal generator 326: null data area signal generator
501: resource allocation nethod detector 502: data transm ssion
controller 5 503: repetition synbol data area signal generator 520:

i ndi vi dual lvjdual data signal generator 621,
631, 641: ]chﬂﬁ%ag%“éﬁgyngﬁ]f‘ﬁgge%‘&%ondverter 622, 632, 642: MD

processor W¥3ternginal Aeyien2U9sHer area mat chi ng- det ector 10 624: known
synmbol menmgy rédoircd gdiationdnfayiditin @fteacteeci der 636: pil ot synbol

data part ﬂ?%fl&%%%ilijtrigﬂal data area setting section
5 113! null data area setting section
115 pilot sequence allocator
120, 120A: individual control signal and individual data signal generator
121 additional data generator
122! mode information/stream number information generator
10 123! resource allocation information generator
124: individual ID information generator
125: pilot sequence information generator
126: null data area signal generator
131: MCS information generator
15 133! individual control signal generator
135! encoder/modulator
137: individual pilot adder
139: precoding controller
141: beam-forming section
20  143: gpatial stream power controller
151: OFDMA frame-forming section
153: IFFT section
155" transmitter
200, 600: terminal device
25  201: reception antenna
203: receiver
205: control information extractor
207: channel estimator
209, 609, 609A, 609B: MIMO receiving processor
30 211: decoder
213! precoding weight selector and reception quality estimator
215: feedback information generator
217 transmitter
219: transmission antenna
35  301: resource allocation method detector
302: pilot transmission controller
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637: data area part received power nmeasurer 638: received power
conparator 15 639: null data synmbol area decider 643: LRU basis hard
deci sion val ue nenory 644: repetition synbol area matchi ng-detector
645: |ikelihood val ue updater 646: repetition synbol area decider
CLAIMS dCdaiml1l: A wreless conmunication device for performng a
spatial nultiplexing transm ssion with respect to a plurality of
termnal devices, the 5 wirel ess conmuni cati on devi ce conpri sing:

an addi ti opg nﬁﬁ{rgl&éﬁ S@n&{it %gﬂ&ﬂ aftﬁffdd?&dhgi"&aﬂa méﬂ %&%K% Lo

all ocate, as an tiona ta area, a part ource all ocation
area to wiZ6honY dede arerisesaleenarataach ternlnal devi ce of the
plurality 591: t@onkaadllsavicaesetihwdaldtetat ed anong resource all ocation
ar eas forE#% a&|a1m§%1t|§n3§&ﬂg 10 transm ssion which are

al | ocat ed 83 YA d&VT ¢ of the plurality of term na

devi ce§; 503: repetdipragimbolclesh agea aiggehgenarefort hat is configured to

gﬁner az ed@i@t I AbRual 8@y 61%%1@@( 884! lﬂiﬁ%vﬁgﬁl H@taaéigﬂtléll el at‘gﬁtlg area
al l ocate a setting section; an a
Cranom ¢t et Fal GE° LT Paeis cathot HRGH G ERe " dat a i oh | 5

addr essed @22, 63%, 642 Mi.Bglrockse¢orce of the plurality of term nal

devi ces anghst Pﬁae@ﬁﬁinté 1 éé%aatchllng@étgét% The wirel ess

comuni cat | on. devi ce ing to claim1, wherein 20t he additi onal
dat a &Pea 626t kpaynssatho FP%W?%kaIes the additional data

625! repetition symbol area decider
636 pilot symbol data part power measurer
637: data area part received power measurer
638: received power comparator

15 639 null data symbol area decider
643: LRU basis hard decision value memory
644: repetition symbol area matching-detector
645! likelihood value updater
646: repetition symbol area decider
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area with a given size of resource as a unit. Caim3: The wirel ess
comuni cati on device according to claim1, wherein the additional
data generator generates repetition bit data or 25 additional parity
bit data as the additional data. Claim4: A wireless comrunication
device for performng a spatial nultiplexing transm ssion with
respect to a plurality of term nal devices, the wireless

communi cati on device conprising: 30a null data area setting section
that is configured to allocate, as @rAyllg data area, a part of a
resource allocation area to which no data addressed to each term nal
device of the plurality of term nal devices is allocated anong
resource a(]?lbﬁma]ti dwaredsss chamtiiieatipa tdeadce ol pélﬁblmingga §paafdm ssion

whi ch are tg;ﬁgﬁfﬁg ti Qlflﬁ%glggltoh%% ng%pe%ﬂ’m} g 331191 ahtt{) 1534 Petl ﬁgi &é@lges g't‘?e

t erm nal area ener
confi g&r ecWJElGlegéﬁ@ﬁal@laﬁthmMVl@m@@nEﬂglmF to be transmitted to each

term nal device Qﬁ aHHﬁlcﬁiawﬂata hyeaoéettlgg@bmdn ﬂmﬂlg@&lﬂghﬂea% anbéatdat a
area; and atra ur ed

bhPipt k! 3 o8P PR Lo LARRIL L B flaha, uh
i s addr ess%“‘omw ﬁ?té‘ﬁlte » JPA LY R b‘é%ﬁ &8 8’?\6‘ ‘f”h O‘P{ ¢ ’a%ta
signal. 5 ctatmaddﬁesswlnéo wcr}etees:snabdnmm efetthieqiutdity of taucieddagicenis

claiml, fHLARH £A5RF b&bRGe allocatlon a@eé‘éjfdl tﬁ@%ﬁaﬁéleﬁuﬁ%ﬂékﬁ% section
that is configured to a Ioc% aa he nul ég area resource

al | ocafi o AIASFYNRICH aig afarate &aﬁé@%éﬂn@@a e¥ica b {hermiralitcRvi ce
of the pl deahidal debicksr mi nal devices is allocated anbng the resource

al | ocati on areas gﬁd&%aﬁag népdiiéltlﬁll %x% Q&f{giru?m@% g@eqﬁté/ml ch are

allocated to eac termn ce o m nal

devi ces, @fditipnalidata C%?qudé’éﬁi‘éﬁhﬁt @ddlﬁ]@nabéw&aa %ﬁwaﬂeg@t&dé}yééle and

additional data area setting section; and

15 a transmitter that is configured to transmit the data which is
addressed to each terminal device of the plurality of terminal devices and the
additional data.

Claim 2: The wireless communication device according to claim 1, wherein
20 the additional data area setting section allocates the additional data
area with a given size of resource as a unit.

Claim 3: The wireless communication device according to claim 1, wherein
the additional data generator generates repetition bit data or
25 additional parity bit data as the additional data.

Claim 4: A wireless communication device for performing a spatial
multiplexing transmission with respect to a plurality of terminal devices, the
wireless communication device comprising:

30 a null data area setting section that is configured to allocate, as a
null data area, a part of a resource allocation area to which no data
addressed to each terminal device of the plurality of terminal devices is
allocated among resource allocation areas for the spatial multiplexing
transmission which are allocated to each terminal device of the plurality of

35 terminal devices;

a null data area signal generator that is configured to generate a
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a null data area signal generator that is configured to generate a 15
null data signal to be transmtted to each term nal device of the
plurality of termnal devices in the null data area, wherein

the transmtter transmts the data which is addressed to the
plurality of term nal devices, the additional data, and the null data
signal. 20 Caim6: The w rel ess comunication device according to
claim4 or 5, wherein the null data area setting section

al | ocat es ﬂdleﬁiw élgﬂ@m 1 @an¥hithe @t déMBNtesnifalfeviRSITUHRE plamlidy Whi t .
25 Jdaim7 ey rel ess ﬁ mﬁdﬁ%at' on device according to claim4 or
&elmma VIRe MPE “HatdtArEE &

5, wher ei al generator generates a
signal in which atearsmiskiréhapowongigofeditopirhosmalythealatanchigh dat a

symbol —ar e,Retsdef t0 th§91@a V\ﬁbﬁtelﬂiﬁaméﬁéésﬁm&:ﬂmtﬂ! aatd Qengevi ce
according to claim4 erein he null data area setting

sectiof allocates the nuII data area on a subband basis being

confi gur ecClIagmai pITheakirelesotopaiication ésaove aecoudinistoatdnc bnfuitheaus| y
provi ded ICB“ﬁJ Cfrl é}uency dormain. 35 Claim9: The wirel ess

comuni cat1 o evrT ce accor ding to claim4 or 5 _ wherein t he
nul | data area s?&Hal ajar?é?%ﬁ%ﬁtm;gewéwaﬂébahlssqogﬁamt?dqtq/mﬂ%ﬁﬁtea as the
transm ssiroil @opaeireaf aaeswull@é aldyabioh dr8a $€twHich o data adgieghdl td dach

whi ch t t I

ot her Pharteril e ge R i Ba bt Rmih Bvided iR Siobte pblabty co”
al | ocat i onesmurhelldentioraaitne Scihetspatinbnpiltiplexing trafsmissiomuhich are
devices. @RtMelQo chBE t¥hRlaPA8vieO BTHHYE SRIAREY, SR¥iGeh ATeHds Nthd O

clai m 9| n%{FE:ﬁSn{l%’] haellocated 90 tthe zﬁfde 9 onalgc{la%la a%gg,ea{n or generat es a

si gnal
a null data area signal generator that is configured to generate a

15 null data signal to be transmitted to each terminal device of the plurality of
terminal devices in the null data area, wherein
the transmitter transmits the data which is addressed to the
plurality of terminal devices, the additional data, and the null data signal.

20 Claim 6° The wireless communication device according to claim 4 or 5,
wherein
the null data area setting section allocates the null data area with a
given size of resource as a unit.

25 Claim 70 The wireless communication device according to claim 4 or 5,
wherein
the null data area signal generator generates a signal in which
transmission powers of a pilot symbol and a data symbol are set to 0.

30 Claim 8° The wireless communication device according to claim 4 or 5,
wherein
the null data area setting section allocates the null data areaon a
subband basis being configured by a plurality of physical resource units and
continuously provided in a frequency domain.
35
Claim 9: The wireless communication device according to claim 4 or 5,
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10 transm ssion power of the pilot synbol is set to O when the

physi cal allocation nethod of the resource allocation to the data
addressed to the plurality of term nal devices is a continuous

mappi ng, and the null data area signal generator generates a
signal in which the transm ssion power of the pilot synbol is set to
the given value other than 0 15 when the physical allocation nethod
of the resource allocation to the data addressed to the plurality of
term nal dgyle is a distributed mapping. Caim1l: The wrel ess
conmmruni cat1 on deyvice according .to claim1, further conprising: 20a
repetition synbothedlaleli dgtaparescignHFengEatos sensiates & Syt iy ibdeh 8o

al | gcat e, tgsnmﬁmh(ﬁovﬂkﬂoa aqﬁ!iﬁ,syﬁlb’oEM(teanbi' acidriadin ardeh ho whi ch
no data a S . 3 -m i of - i

t erm nal gééﬁstf‘g%gﬁoé%a%gggtaggdm g%na(f‘? %%&&gsao%l&gg V%k o‘gt_lg'te% }élﬁé)lgp eas for
t he spati dhrengh 2 phesicalgeliqcationinethod ohhe besgneceadllesatipado the datsh

term nal qdedreRe@fto thepRhuligy bt terBfind>ddveéddl nal devices, and which is
not allocated to the additional data area; and a repetition

synbol data area signal generator that is configured to generate a
known r epdtlatmdf: s{fimgorirelasacangmalcatmnteviccaarsording to tlaimak wherein

termnal device ?‘Ie {08 ARt 5 Aol diYn Al eehBE TP BbnABYELE Sightd] Il hich the
repetition synbol, data arog%%\é\ﬂerel (;iothe transmtter transmts the

dat a WAi cRTFESTIAGHOBPORET ot sirabelay sek ta @ hendhe abyrral, the
addi t i onalalldadtdon ardhbddef thepetoitce mlloyatial tdtiadamealdrbgedlto the
Claiml2: LT : i catj Vi Or.dl to claiml,
further 3@ RaHy cEbaRREPEIMLER T AR ATS T ARARE S, 10 € DL 1
configured to althecalbdatpsarea sigradggngratar gererates 3 sigal sbwalthokhet i on
area to whtglsmigsidatppwaddf €6 plot & relBslhs ket 19 thal giday v gRie@fthéhthan 0

B T ookb ot Bl T Pioan 8ot oo dOrEReREPEF ANSRdGT BHIRR ar o
al | ocat ed addressed to sharphuhlitieod teemahaltderigeisus aldistyibotted arappmeg.
devi ces, and
Claim 11! The wireless communication device according to claim 1, further
comprising:

20 a repetition symbol data area setting section that is configured to
allocate, as a symbol data area, a resource allocation area to which no data
addressed to each terminal device of the plurality of terminal devices is
allocated among the resource allocation areas for the spatial multiplexing
transmission which are allocated to each terminal device of the plurality of

25  terminal devices, and which is not allocated to the additional data area; and

a repetition symbol data area signal generator that is configured to
generate a known repetition symbol data signal to be transmitted to each
terminal device of the plurality of terminal devices in the repetition symbol
data area, wherein

30 the transmitter transmits the data which is addressed to the
plurality of terminal devices, the additional data, and the repetition symbol
data area signal.

Claim 12: The wireless communication device according to claim 1, further

35 comprising:
a second data area setting section that is configured to allocate, as a
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5 which is not allocated to the additional data area; and a second
data area signal generator that is configured to generate a second
data area signal to be transmtted to each term nal device of the
plurality of termi nal devices in the second data area, wherein the
transmitter transmts the data which is addressed to the 10 plurality
of term nal devices, the additional data, and the second data area
signal. Caim13: The wirel ess comuni cation device according to

claim 12, S\é@&{@ﬁgta]aqregea §§&Q{lgeg tﬁaheaﬁ"eﬁ't %Jﬁclgﬁﬂ%l’é@é QﬁdﬂfsQ&F ajes a

nul | data fepetition ta si gna rou sica
al | ocat i orfagBiteizansd dewise Péé%?%ahm ftsrmanp tdt?"iq‘?é 1gafl acaéa@ﬁa@@gd to

the plur a|th'éy'eﬂfu1t:@9mm10miﬁ‘éa§ﬁﬁ th@s@aﬁnllﬂmlﬁb&xmg ﬁ’aﬁsﬁussmn which.
conmuni cat j an deV| acco 20 t second ta
Crea o1 ond SOURENEfe 2AEREPnna! fo G EhER pORES R oPnlilR (BFEREIE

of the5pi Ivohlcbymof& al&mted@ t:l@t%dcbwmll daata@ls@atamb 0 V\/nen t he
physi cal al | ocat i @ecom@tditd s2ba thifal g&%ﬂa@@ @iak%@aﬂﬂgmb@ t6 Bendatda

addressed to t luralit rm na Vi ce tJnu
oot oS skt G B AR st Al 2 b e oA A BB AR 5F O ERer at e
a signal iplu8itwof cérminal tewnsmsidiecrecpohdataoirephwheirdiot synbol is

set to the give r et to a
known reprpil ti oﬂth\éaﬂ ﬁ?ﬂi % tl\t‘;ﬂgﬂn@ th@%tél ca‘ﬁ?{sa?ﬁig%%lgntbggtéhod of
u

the reé8oumdwrait V@%@.ﬂaﬁla ge\’lﬁ%s &ﬁ%a gﬁ% dath. Bgdithe ssrandiiqtaargn
term nal déxiades is a distributed mapping 30 Claim15: A wireless
communi cation nethod for performng a spatial multiplexing

transm ssion with respect. to a plurality_of term nal devices, the
wirel ess ddpimrBcalbenvisglepperramrpisationgdevice accordiag taghimi Bhal dat a
area settiwlkersirep of allocating, as an additional data area, a part
of a source al J,ocatio

d
e o R oot o R B Al b AR b EaRRER A deffa 3"
anong r esourcepatibion aakosigmad tlsrough a hleysspd tillabamen tigthedk phighe

transm ssigf,whi ﬁnoé{tﬁm B the Bt £ 9 dffs8aE b {18 Piunalitydsmb ARl debRes.
plurality of term nal devices;
Claim 14: The wireless communication device according to claim 9, wherein
20 the second data area signal generator generates a signal in which
transmission powers of the pilot symbol and the data symbol are set to 0
when the physical allocation method of the resource allocation to the data
addressed to the plurality of terminal devices is a continuous mapping, and
wherein the second data area signal generator generates a signal in
25  which the transmission power of the pilot symbol is set to the given value
other than 0, and the data symbol is set to a known repetition symbol data
when the physical allocation method of the resource allocation to the data
addressed to the plurality of terminal devices is a distributed mapping.

30 Claim 15: A wireless communication method for performing a spatial
multiplexing transmission with respect to a plurality of terminal devices, the
wireless communication method comprising:

an additional data area setting step of allocating, as an additional
data area, a part of a resource allocation area to which no data addressed to

35 each terminal device of the plurality of terminal devices is allocated among
resource allocation areas for the spatial multiplexing transmission which are

54



an additional data generating step of generating additional data
corresponding to the additional data area all ocated by the additional
data area setting section; and 5a transmtting step of transmtting
the data which is addressed to each term nal device of the plurality
of term nal devices and the additional data. Claim16: A wireless
conmmuni cation nmethod for performng a spatial 10 mul tipl exing

transm ssion with respect to a plurality of termnal devices, the

Wi rel ess CaHIHEHfHdC@téa%H tBRh{ipd d%QIEBro'f%hé‘ﬁlulahty of telﬁnfM &ev‘?&%@ area
setting step of a%aatl ag as a nul] data ?rea Eart of esource
all ocati on area &b AR &aa%an%laaﬁn&%@ao gsiehnEadditendldaii ce of
t he pl ur aldotyespédndiaprtbrihe additicned dasa atdacdidcatkdlbpilge #éditivnabddim

al l ocatio tial multiplexing transm ssion which are
al | ocat ed lggggghﬁg[%e&l%ﬁ ?H%ew ce of the plurality of term nal

devi ce§; a Zranspitigng gtapy ddranypitingdhe data wguieh pnddressed to

gener at i N@agh Rekhhirdddaviet 9 dhe burlBt sBgesMihdledbvices @adhthealddifichal
device of the plurality of term nal devices in the null data area;

and 20a tr %mttlng step of transmtting the data which is addressed
to the plurality of term nal devices and the null data signal.

Claim 16: A wireless communication method for performing a spatial
10 multiplexing transmission with respect to a plurality of terminal devices, the
wireless communication method comprising:

a null data area setting step of allocating, as a null data area, a part
of a resource allocation area to which no data addressed to each terminal
device of the plurality of terminal devices is allocated among resource

15 allocation areas for the spatial multiplexing transmission which are
allocated to each terminal device of the plurality of terminal devices;

a null data area signal generating step of generating a null data
signal to be transmitted to each terminal device of the plurality of terminal
devices in the null data area; and

20 a transmitting step of transmitting the data which is addressed to
the plurality of terminal devices and the null data signal.
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