DESCRIPTION [Title of Invention] TRANSMISSION METHOD, TRANSMISSION DEVICE,
RECEPTION METHOD, AND RECEPTION DEVICE 5[Technical Field] [0001] (Cross-Reference
to Related Application) The disclosures of Japanese Patent Application No. 2010-234061, filed on
October 18, 2010 and No. 2010-275164, filed on December 9, 2010, including the claims,
specifications, 10drawings, and abstracts thereof, are incorporated herein by reference in their
entirety. [0002] The present invention rEl&@e I B bleddding method, a precoding device, a
transmission method, a transmission device, a reception method, and a reception 15 device that in
particular peFttrPEdMYRNHRALon using a multi-antenna. [Background Art] [0003] Multiple-Input

MultipIe-OuﬁwA%M%WonN%qg%%exaHQﬁ\[ﬁ@éM:gg ESHPiC?thQ/ r@%t,hodég&@ﬁmmntenna.

In multi-antenna communication ichM IS representative, multiple transmission signals are

each modulIeTHDD eANDRED RGN g lcasmitted from a different antenna simultaneously in
order to increase the transmission speed of data. [0004] Fig. 28 shows an example of the structure of

a transmissidecicaiceisidh 25 device when the number of transmit antennas is two, the number of
receive antig is two, and the number of modulated signals for transmission (transmission streams)
is two. In th mission device, encoded data is interleaved, the interleaved data is modulated, and

equency conversipn ad kifdleds RERITAIOAITIRAEn e len sgae seoabgdgansmission

signals are transmitted from antennas. In this case, the method for simultaneous smitting
different mauiéatedrgighiataitio mbife per1ouz Bt arfigitnasnat GrtosrmelBmeand airibe Rame
frequency is spatial multiplexing MIMO. 5[0005] In this context, it has been suggested in Patent
Literature 12010s2731hsHiledion deersembeividedith angitidiagt theecbains panecifiRatioash transmit

antenna. In other words, the transmission device in Fig. 28 Id have two different inteyleave
atterh wiflFRABES ASh PRI (HEreh) K ANCRIRCTIENSLaE DY Teference. in. their

entirety.
[0002]
The present invention relates to a precoding method, a precoding device, a
transmission method, a transmission device, a reception method, and a reception
15  device that in particular perform communication using a multi-antenna.
[Background Art]
[0003]
Multiple-Input Multiple-Output (MIMO) is a conventional example of a
communication method using a multi-antenna. In multi-antenna communication, of
20  which MIMO is representative, multiple transmission signals are each modulated,
and each modulated signal is transmitted from a different antenna simultaneously in
order to increase the transmission speed of data.
[0004]
Fig. 28 shows an example of the structure of a transmission and reception
25  device when the number of transmit antennas is two, the number of receive antennas
is two, and the number of modulated signals for transmission (transmission streams)
is two. In the transmission device, encoded data is interleaved, the interleaved data is

modulated, and frequency conversion and the like is performed to generate
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10 Literature 1 and Non-Patent Literature 2, reception quality is improved in the reception device by
iterative performance of a phase detection method that uses soft values (the MIMO detector in Fig.
28). [0006] Models of actual propagation environments in wireless communications 15 include non-line
of sight (NLOS), of which a Rayleigh fading environment is representative, and line of sight (LOS), of
which a Rician fading environment is representative. When the transmission device transmits a single
modulated $iginginissiariségredspaiith thevicasiaissionssigarimaler oo Hibthiiigno kRNBANANS received

by a plurality of antennas and then demodulates and decodes the signal resulting 20 from maximal
i combibRy EXbol i PELOAS R oIy AP U HRBSBU T S PEeBh TR R Rcurr m an

env'ronmerﬁwﬂeaﬁfa%rﬁgaﬂsﬁ%%me%}Nmshs "ﬂﬁ?etﬁﬁg alfor t%ﬁ@?@’cﬁ%ﬁ%?g of direct
waves versus the received power of scattered waves. However, depending on the transmission
system (for srsgiaipnieusiphiahg i prexing MIMO system), a problem occurs in that the reception
25quality deteriorates as the Rician factor increases (see Non-Patent Literature 3). Figs. 29A and
29B show dR@8&Imple of simulation results of the Bit Error Rate (BER) characteristics (vertical axis:
BER, horizontal axis: signal-to-noise. power ratio (SNR )[f r data encoded with low-density
parity-check (LDPC'}‘C(S%'@ ﬁﬂﬁt?ﬂnéﬁ%@d RRRY 5489 ﬁa/d'lrfﬁé?ﬂﬁ arlIBHUE tvdFet¥iva antennas)
spatial mult j ' i 1 ' t i Icl i nvironment
with Rician%%ﬁ%@sgo II<M:9 %9}%%@ %%%V@%Q 9A's @&gﬂﬁggﬁﬁgﬂ&eﬁéﬁi %qgﬁog A
Posteriori Pipkablityr{(8the) wihey ke tedivarisirriioa/fctseerip e alemlditgratye ditfecehton-Patent
Literature 2), and Fig. 29B shows the BER characteristics of Max-log-APP with iterative detection (see
Non-PatentiDiésleavee prtiernNvAtiP aaspectivegatores I2RYas iter df itofstishewive). NensPaeat from Figs.
29A and 29B, r([aﬁgiardless of whether iterative @hase detection is perfarmed, receptio gf ity degrades
r

in the Xpatid FRAERxnGMMINE [ AEN ddERHE RicidFCERUBP iMtRINYe LS (ITPIRYER t the
unique prohiem,pf g ri’ééat'é?' HOARRE Qﬁﬁrﬂ‘n{%l' YPR 5RO HZALAR PR fIPaRALANSBRVIroNment
in the spatial m ﬁiplex%{g M MO gysteﬁf', whic %Oes n%t existin a conventﬁ)r?a‘ll' single ?nodulation
signal transyaisgio(tisy 8B MODgstestdn i Eigpatyl multiplexing MIMO system. 15[0007] Broadcast or
multicast communication is a service directed towards line-of-sight users. The radio wave propagation
environmertOB8fiJeen the broadcasting station and the reception devices belonging to the users is

ft LOS envi tW ' tial multiplexing MIMO having the 20 ab
problem for broadcA408F it AR MARAHELHBr B SRMEN T, WEEIFSH SRR HRIEAIER eq etectic

field sfeenatih i B0 hah e RN ‘K?r\]}’%fréds EUBP%?&?%TRM%WQ&%%W%%R&F fipossible

to recelve the service. In other words, to use a spatia exing MIMO system in broadcast

or multicastrepresantatdatioana Hath eisiHD B &vS)rasimenicang Rici{dSehMgosmugohriteereis a 25
desire for development of a MIMO system that offers a certain degree of reception quality. [0008]

Non-Patent'EReaseiiasiged AAtiepetha Hnbibisstosetismice doarupik asdadle precodates (si€nalprecoding

communica oG AEH RS PRI BUBEL WU AMHRI8. NERRUur ST FHEIHER for

precoding ifa PGB EIMALCh P ebn e AR el e AEEUTGEL OBl

communication partner,’such as i roadcast or multicast communication. [0009 On the

other pand.fiven-Miaéntal itetaiucerbiidatpsescal methedeisticiwiahing e recatirgduatibaover time.
This method can be applied even when no feedback 10 information is available. Non-Patent Literature

4 discloses lUSin¢RViINGIRaRGThffi RS haMAIaR RiMbreraeigveifissiiecRistpthEciotpy| Afggsix at

dom but does not.at all discl thod applicable t dation of fi lity jn th
amove.descHBIAH LA DRI, X HEr BR ATk OEIEreDS QB AU SR Bkt procoding
matrices atrﬁé}Wé?fo QRIS vOBSP MBIl LR YLPEHITGKSS e P i@%ﬁv'%gkggmvﬁo?f a

precoding method, or a structure of a precoding matrix, for remedying degradatio reception quality

in an LOS eyxdingsie)epbt{&litatittipldgihfPRIBIO_Bgsaimeh problem occurs in that the reception
25 quality deteriorates as the Rician factor increases (see Non-Patent Literature 3).

Figs. 29A and 29B show an example of simulation results of the Bit Error

Rate (BER) characteristics (vertical axis: BER, horizontal axis: signal-to-noise

power ratio (SNR)) for data encoded with low-density parity-check (LDPC) code
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[0010] 20[Patent Literature 1] WO 2005/050885 [Non-Patent Literature] [0011] [Non-Patent Literature
1] 25"Achieving near-capacity on a multiple-antenna channel”, IEEE Transaction on Communications,
vol. 51, no. 3, pp. 389-399, Mar. 2003. [Non-Patent Literature 2] "Performance analysis and
design optimization of LDPC-coded MIMO OFDM systems", IEEE Trans. Signal Processing, vol. 52,
no. 2, pp. 348-361, Feb. 2004. [Non-Patent Literature 3] 5"BER performance evaluation in 2 x 2
MEMO spatiad rifangstaited) yaiten®s xid @nridransmdingtenaah d/Q IE(ERET eateNrRahdpabightals, vol.

E91-A, no. 10, 2798-2807, Oct. 2008. [Non-Patent Literature 4 "Turbq space-time codes
it e PP 0 M SR E B G R R CE BB AR B ST e e, 5 o

cof cecision o EQE oL R ror 5 A R b e Aol Eael 25 1. .

47-57, Jan.chRefbtdHitiendP amrint logerartstdéiori Prévabiiiyl( AP makatied eoneaipnatkiectisibo) coding’,
‘Turbo (iterative) decoding' and related topics", The Institute of Electronics, Information, and
Commbnicdtiem EeiiRaiers, Tiéemabical RepbiN on-Gatent [Nenaraeed), laest dtige2?Bohpwsdheed signal
AP A S A5 S i s e RS
pp.187-192,2008.
Literature 1 and Non-Patent Literature 2) (number of iterations: five). As is clear
from Figs. 29A and 29B, regardless of whether iterative phase detection is
performed, reception quality degrades in the spatial multiplexing MIMO system as
10 the Rician factor increases. It is thus clear that the unique problem of “degradation
of reception quality upon stabilization of the propagation environment in the spatial
multiplexing MIMO system”, which does not exist in a conventional single
modulation signal transmission system, occurs in the spatial multiplexing MIMO
system.
15 [0007]

Broadcast or multicast communication is a service directed towards
line-of-sight users. The radio wave propagation environment between the
broadcasting station and the reception devices belonging to the users is often an
LOS environment. When using a spatial multiplexing MIMO system having the

20  above problem for broadcast or multicast communication, a situation may occur in
which the received electric field strength is high at the reception device, but
degradation in reception quality makes it impossible to receive the service. In other
words, in order to use a spatial multiplexing MIMO system in broadcast or multicast
communication in both an NLOS environment and an LOS environment, there is a

25  desire for development of a MIMO system that offers a certain degree of reception
quality.

[0008]



[Non-Patent Literature 8] D. J. Love, and R. W. Heath, Jr., "Limited feedback unitary precoding
for spatial multiplexing systems", IEEE Trans. Inf. Theory, vol. 51, no. 8, PP 25 2967-2976, Aug. 2005.
[Non-Patent Literature 9] DVB Document Al22, Framing structure, channel coding and
modulation for a second generation digital terrestrial television broadcasting system, (DVB-T2), Jun.
2008. [Non-Patent Literature 10] 5L. Vangelista, N. Benvenuto, and S. Tomasin, "Key technologies for
next-generation terfdetriBRtigitdliteretiston sieatdines RVBI®Y PERIEUnantedehoataried, irol. 47, no.

10, pp. 146-153, QOct. 2009. [Non-Patent Literature 1 T. Ohgane, T. Nishimura, and Y. Ogawa,
“ApplicatiorPBICY54e é’n‘?’rsﬂ) rEERNG gAY %Ptﬁ%]ééfﬁér?Brﬂ%a%%E‘%ﬂoéT'ﬂ}ﬂl\X@'eﬁér‘.%F‘?(PElCE

Trans. Co , Vol. 83~ , 43-1 May ~Patent Literatyre 1 R. G.
Gallager, '@v%e@tyﬁggg?%gm%g}d%@]II&E&IIHrarﬁ\ls.%rg\)%%ﬁrnnlw[. Qggr@’ ﬁérjgﬁ%’p Tz{fl&}glli%gz
15[Non-Pateqttdterat@edbad not it JalC.dieRiy, ewedkee rarertreetifgrcpdesobpagdomnery sparse

matrices", IEEE Trans. Inform. Theory, vol. 45, no. 2, pp. 399-431, March 1999. [Non-Patent Literature
14] 5 ETEBVIFNIBeRt307, "Seisthdfiegtimeitiomnfaimaitpstreanne! chanaefgtathgfraandhodulation

systems for broadcasting, interactive services, news gathering and other broadband. satellite

2 pplicationSOMLINSAOH BaSENGE, 1T 26 e ARG HOAGES! O Mulicest GEMUBVCaHORheng, *A
fast-conver decoding method and memory-efficient VLSI decoder architecture for irregular LDPC
codes in the IEEE 25 802.16e standards", IEEE VTC-2007 Fall, pp. 1255-1259. [Summary of

Invention] [TechnicaPriebshidr[ASIR] Non-PHtédieniaigctol tiedoeseatriviesdisortonatonidg a MIMO
system that improves reception quality in an LOS environment. [Solution to Problem] [0013]
the precoding matrix over time. This method can be applied even when no feedback
10 information is available. Non-Patent Literature 4 discloses using a unitary matrix as
the matrix for precoding and switching the unitary matrix at random but does not at
all disclose a method applicable to degradation of reception quality in the
above-described LOS environment. Non-Patent Literature 4 simply recites hopping
between precoding matrices at random. Obviously, Non-Patent Literature 4 makes
15 no mention whatsoever of a precoding method, or a structure of a precoding matrix,
for remedying degradation of reception quality in an LOS environment.
[Citation List]
[Patent Literature]
[0010]
20  [Patent Literature 1]
WO 2005/050885
[Non-Patent Literature]
[0011]
[Non-Patent Literature 1]
25 “Achieving near-capacity on a multiple-antenna channel”, IEEE Transaction
on Communications, vol. 51, no. 3, pp. 389-399, Mar. 2003.
[Non-Patent Literature 2]



5In order to solve the above problems, an aspect of the present invention is a precoding method for
generating, from a plurality of baseband signals, a plurality of precoded signals to be transmitted over
the same frequency bandwidth at the same time, comprising the steps of: selecting a matrix F[i] from
among N matrices while switching between the N matrices, the N matrices defining precoding
performed on 10 the plurality of baseband signals, i being an integer from 0 to N - 1, and N being an
integer at least two! Batfeeranegiranal ysist pretatbstysigritimizatiipn sicohdPsrassitdd MMED z2 by
precoding, in accordance with the selected matrix F[i], a first baseband signal sl geperated from a first
Dloraity of DM Y NE S bR AR GRS GRRSriREa Rins e St PBI AT 6t pitEa frt
encoded bl%lé[ﬁnd a second 15 encoded block being generated respectively as the first plurality of
bits and the second plurality of bits using a predetermined error correction block encoding method, the
first basebanbaigrasést L adiie sgcond baseband signal s2 being generated respectively from the
first encoded block and the second encoded block to have M symbols each, the first precoded signal zI
and th&second pretBEEUtivamapn cOevelngtenb &ed2dVHAYE I9psiink mabiplsxpre yaiagsa
combination of the first baseband si (%al s| and the second @agﬁeband \ségnal s2, M bein@ an integer at

least two, tHEAESHRIAR G WGoHAIERd 1 e chiiiS e WatRleEl sy Y2 <5 §hd L diation (21,
z2)T = F[i](%7§§158q90%ﬁ;[' ther aspect of the present invention is a precoding device for
generating, from a plurality of baseband signals, a plurality of precoded signals to be transmitted over
the same frquermtdrandwidtnrat4pe same time, comprising: a weighting information generation unit
configured to select a matrix F[i] from among N matrices while switching between the N matrices, the
N matrices defining'Jréisdriggsetioeneaiien Wighplimslinaotibe skreaidieigsiarnabensy, ale ieger from 0

toN- 1. and N bejn integer at least two; a weighting unit configured to generate a first precoded
signal191 a @Hssé/@’ﬁ@iﬁ&e H@F@ﬁ'é’lan ' %d%@,pin ﬁ@Eéf’%af%b %ﬁh the selected matrix

Fli], a first W@aﬁﬁ{%%{%&ﬁ erated from a first plurality of bits and a second baseband signal s2
generated from a second plurality of bits; an error correction coding unit configured to generate a first

encoded block as tie fisii dataity et dritsor QiR sRAORdiestsleded Wfickeaite wesoRddIadty of bits
using a predetermined error correction block encoding method; and a mapper 10 configured to

generate a daGdisaper gmanedth NeKymBsrNoDtetifst ¥atdded BloaR. ahdo@ basebanddBignal with
M symbols from the second encoded block, M being an integer at least two, the first precoded signal zl
and the se precoded signal z2 satisfying the equation (zl, z2)T = 52)T, and the weighting unit

genergging B(%qu YNy pg slots by precoding a combination of the 15 baseband signal
generated from the first encoye @fock and the baseband signal generated from the second encoded

block. [0015] Wit theosiabvhagrestibichre sieresd i(Versncedingdulatarhsiqietasigenerated by
performing precoding while hopping between precoding matrices so 20 that among a plurality of
precoding rl&eeeg a pRecdalagindemassedfer dinstivtone delactienins alfgimeatiamgangdtrices that

are used for_data symbols that are adjacent to the data sy b%nin either the frequency domain or the
time domair?gmgméfgaltm o 5RCe ghrﬂfﬂlﬁiﬁﬂ?gﬁié% vironment is improved in response to

the design %F\I%]? PlafiYiRERigecding matrices. 25[Advantageous Effects of Invention] [0016]
With the above structure, the present invention provides a transmission method, a reception method, a

transrpgssion device'adnghaceecenjieh pestessingt Hrremedy vegrddaBiFDMIredeRicorpflUgRE in an LOS
environment, thereby providing high-quality service to LOS users during broadcast or multicast
communicatierBHTabaytmesBHTLPIDIaRk{g 2008, pp.187-192, 2008.

[Non-Patent Literature 8]
D. J. Love, and R. W. Heath, Jr., “Limited feedback unitary precoding for
spatial multiplexing systems”, IEEE Trans. Inf. Theory, vol. 51, no. 8, pp.
25 2967-2976, Aug. 2005.
[Non-Patent Literature 9]



[0017] 5Fig. 1 is an example of the structure of a transmission device and a reception device in a
spatial multiplexing MIMO system. Fig. 2 is an example of a frame structure. Fig. 3 is an example
of the structure of a transmission device when adopting a method of hopping between precoding
weights. 10Fig. 4 is an example of the structure of a transmission device when adopting a method of
hopping between precoding weights. Fig. 5 is an example of a frame structure. Fig. 6 is an example of
a method of hoppin® Yenaem mestofiii we gt o~ & UL lisranahaangd s asti igeastdugrodeletianeception
device. 15Fjg. 8 is an example of the structure aof a signal processing unit in a reception device.

Fio. 0 is an BEAHIO GRISRUCRAGIE BOFa B AaHg L HOM P B ALY Bid 10 shows a
decoding p(ﬁ@e?ﬁ method. 20Fig. 11 is an example of reception conditions. Figs. 12A and 12B are
examples of BER characteristics. Fig. 13 is an example of the structure of a transmission device
when adopiing @ Pagshod igfrBrpping] between precoding weights. Fig. 14 is an example of the
structure of a transmission device when 25 adopting a method of hopping between precoding weights.

Figs. 158A and 15B hre ésagepkis, oN\a fBgnvesutetaed Figs Tosmsind TEByareeheaiagiss ofa frame

tructure. Figs, 17A and 178 les of g f tructpre. Figs. 18A and 18 les of
rame suucliod FBET SR dAi IR SR SIEY B AP ALE: Higr 3B Sho@ FSHon o poor

et NHARE TR PR Spporfgsntor ety pont. S, 22
[Non-Patent Literature 11]
T. Ohgane, T. Nishimura, and Y. Ogawa, “Application of space division
10  multiplexing and those performance in a MIMO channel”, IEICE Trans. Commun.,
vol. 88-B, no. 5, pp. 1843-1851, May 2005.
[Non-Patent Literature 12]
R. G. Gallager, “Low-density parity-check codes”, IRE Trans. Inform.
Theory, IT-8, pp. 21-28, 1962.
15 [Non-Patent Literature 13]
D. J. C. Mackay, “Good error-correcting codes based on very sparse
matrices”, IEEE Trans. Inform. Theory, vol. 45, no. 2, pp. 399-431, March 1999.
[Non-Patent Literature 14]
ETSI EN 302 307, “Second generation framing structure, channel coding
20  and modulation systems for broadcasting, interactive services, news gathering and
other broadband satellite applications”, v. 1.1.2, June 2006.
[Non-Patent Literature 15]
Y.-L. Ueng, and C.-C. Cheng, “A fast-convergence decoding method and
memory-efficient VLSI decoder architecture for irregular LDPC codes in the IEEE
25 802.16e standards”, IEEE VTC-2007 Fall, pp. 1255-1259.
[Summary of Invention]
[Technical Problem]

[0012]



Figs. 24A and 24B are examples of mapping methods. Figs. 25A and 25B are examples of mapping
methods. Fig. 26 is an example of the structure of a weighting unit. 10Fig. 27 is an example of a
method for reordering symbols. Fig. 28 is an example of the structure of a transmission device and a
reception device in a spatial multiplexing MIMO system. Figs. 29A and 29B are examples of BER
characteristics. Fig. 30 is an example of a 2 x 2 MIMO spatial multiplexing MEMO system. 15Figs. 31A
and 31B show posilioigs & plhjeab@éptﬂ"@nmemfﬁ FigerBoshtawprouiitoas\dtidébsysteiptithiaipoints.
Figs. 33A and 33B show position oor reception points. Fig. 34 shows positions of poor reception
points. Flgs"@%rﬂ\%?d %&%Wfﬁd B b %8PYéE%Bﬂ8ﬁ points. 20Fig. 36 shows an example of

minimum di FéqﬁT of poor reception points in an imaginary plane. Fig. 37 shows an
example of |n|mu iIstance characteristics of poor reception points in an imaginary plane. Figs. 38A
and 38B shpg1g]sitions of poor reception points. 25Figs. 39A and 39B show positions of poor
reception points. Fig. 40 is an example of the structure of a transmission device in Embodiment 7.

Fig. 419s an example @fd@fd@raﬂh‘ées&hl(ﬁbwe)p@himIﬁ@@%l@ﬁa@frﬁn@sﬁm@ﬂit yverigaismission

device. Figs. 42A and 42 pocit ti s Figs, 434, and 138 choy posit
Of poor recSEREHFBETE GEAL AR M RO JUIoh S P EBRALCABTEN MR 15 and

45B sh t
show Rasitions) & EE‘BCBMFH?]QHIE‘E% Eﬁ? ftrﬁ rr%éfsﬂtmc &u@ﬁ W PRRIAEH Yt RAL SHrEPton

points. Figs. 47A 4/B are examples ure in the time and frequency domains.
time, comprlsmg the steps of: selecting a matrix F[i] from among N matrices while

switching between the N matrices, the N matrices defining precoding performed on
10 the plurality of baseband signals, i being an integer from 0 to N — 1, and N being an
integer at least two; and generating a first precoded signal z1 and a second precoded
signal z2 by precoding, in accordance with the selected matrix FJi], a first baseband
signal s1 generated from a first plurality of bits and a second baseband signal s2
generated from a second plurality of bits, a first encoded block and a second
15 encoded block being generated respectively as the first plurality of bits and the
second plurality of bits using a predetermined error correction block encoding
method, the first baseband signal s1 and the second baseband signal s2 being
generated respectively from the first encoded block and the second encoded block to
have M symbols each, the first precoded signal z1 and the second precoded signal z2
20  being generated to have M slots each by precoding a combination of the first
baseband signal s1 and the second baseband signal s2, M being an integer at least
two, the first precoded signal z1 and the second precoded signal z2 satisfying the
equation (z1, z2)" = F[i](s1, s2)".
[0014]
25 Another aspect of the present invention is a precoding device for generating,
from a plurality of baseband signals, a plurality of precoded signals to be transmitted
over the same frequency bandwidth at the same time, comprising: a weighting

information generation unit configured to select a matrix F[i] from among N

7



10Figs. 48A and 48B are examples of a frame structure in the time and frequency domains. Fig. 49
shows a signal processing method. Fig. 50 shows the structure of modulated signals when using
space-time block coding. 15Fig. 51 is a detailed example of a frame structure in the time and
frequency domains. Fig. 52 is an example of the structure of a transmission device. Fig. 53 is an
example of a structure of the modulated signal generating units #1-4tM in Fig. 52. 20Fig. 54 shows the
structure ofrie&r OEDNN Helaveidichiogdistuee (B8 7N i malisen the N 2 definipg premmliagd 55B are
detailed examples of a frame structure jn the time and frequency domains. Fig. 56 is an example of the
At Ul OF pasebARdIoBals P

structure ofRSHERENEL E 06 PRehRAsL08 E186+AR BEEBRA FEIREY Brdteslors
5600 X i Fi ' : ' | '
the time and e polg 40 Fhteer at 1GAenly S G B e R B e T Y s

show positiprscefipeigegeptiam@ainiscond frigcdakds dgrakanle ptébeditigicinradebedtmgsmission
device when adopting hierarchical transmission. 5Fig. 62 is an example of the structure of a

transmissiowdievite wHesietiopainy hidrhrehibastraasabiadiosigray. €13 gseer@renipienofpfesbding of a
are exampIBUEHE AN AR GHE BPEG LR DA 1o SR Bt B
transmissiogt pjts: an error correction coding unit configured to generate a first encoded block
as the first plurality of bits and a second encoded block as the second plurality of
bits using a predetermined error correction block encoding method; and a mapper
10  configured to generate a baseband signal with M symbols from the first encoded
block and a baseband signal with M symbols from the second encoded block, M
being an integer at least two, the first precoded signal z1 and the second precoded
signal z2 satisfying the equation (z1, z2)" = F[i](s1, s2)", and the weighting unit
generating precoded signals with M slots by precoding a combination of the
15 baseband signal generated from the first encoded block and the baseband signal
generated from the second encoded block.
[0015]
With the above aspects of the present invention, a modulated signal is
generated by performing precoding while hopping between precoding matrices so
20  that among a plurality of precoding matrices, a precoding matrix used for at least
one data symbol and precoding matrices that are used for data symbols that are
adjacent to the data symbol in either the frequency domain or the time domain all
differ. Therefore, reception quality in an LOS environment is improved in response
to the design of the plurality of precoding matrices.
25 [Advantageous Effects of Invention]
[0016]
With the above structure, the present invention provides a transmission

method, a reception method, a transmission device, and a reception device that

8



Fig. 66 is an example of the structure of a signal processing unit in a transmission device when
adopting hierarchical transmission. Fig. 67 is an example of the structure of a transmission device
when adopting hierarchical transmission. 15Fig. 68 is an example of the structure of a transmission
device when adopting hierarchical transmission. Fig. 69 is an example of a structure of symbols in a
baseband signal. Figs. 70A and 70B are examples of arrangements of symbols in modulated
signals whermagdytiegradatechifalecapianisgieity20Fr) LOS envixamphs, shetebstiveviding a
transmissio&device when adopting hierarchical tr%\smission. ig. 72 is an example of the

F
structure of A4 AALAHCTERVRAAR IR SIS RPERALCAR AT PRMLIFRSE RNMUNICAHEN. 73 s an

example of ?}Flll(‘tsléfg%rq ﬁ%W%?'E)P% -time block coded 25baseband signals. Figs. 74A and
74B are examples of arrangements of s ols in modulated signals when adopting hierarchical
transmissio[p017] Figs. 75A and 75B are examples of arrangements of symbols in modulated
signals when adopting hierarchical transmission. Fig. 76 is an example of a modification of the
numbeb of symbolsffd af o nexassaey dbribaestincddied tfoaktiansmissiog BlodkeaiflgasFig. 77 is

an example of a modification of the number of symbols and of slots necessary for two encoded blocks
when using%ﬁ?@ﬁ'%&sﬂﬂ%f& @@gHBKEQH@M@IWM@:ﬁXS&@digital broadcasting system.  Fig.

79 is a block diagrag Wg}g&a gﬁ?gr%qlg ﬂgmg&%s ke of a reception device. 10Fig. 80 shows the

structure of multiplexéd data I schematica ows how each stream is multiplexed in the
multiplexed data Figi@23skawiafiplaibhave stMidegstamassissidriniasesuerecadbptirg packets.

15Fig. 83 shows the structure of a TS packet and a source packet in
a method of hopping between precoding weights.
10 Fig. 4 is an example of the structure of a transmission device when adopting
a method of hopping between precoding weights.
Fig. 5 is an example of a frame structure.
Fig. 6 is an example of a method of hopping between precoding weights.
Fig. 7 is an example of the structure of a reception device.
15 Fig. 8 is an example of the structure of a signal processing unit in a
reception device.
Fig. 9 is an example of the structure of a signal processing unit in a
reception device.
Fig. 10 shows a decoding processing method.
20 Fig. 11 is an example of reception conditions.
Figs. 12A and 12B are examples of BER characteristics.
Fig. 13 is an example of the structure of a transmission device when
adopting a method of hopping between precoding weights.
Fig. 14 is an example of the structure of a transmission device when
25 adopting a method of hopping between precoding weights.
Figs. 15A and 15B are examples of a frame structure.
Figs. 16A and 16B are examples of a frame structure.

Figs. 17A and 17B are examples of a frame structure.
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multiplexed data. Fig. 84 shows the data structure of a PMT. Fig. 85 shows the internal structure of
multiplexed data information. Fig. 86 shows the internal structure of stream attribute information.
20Fig. 87 is a structural diagram of a video display / audio output device. Fig. 88 shows the structure
of a baseband signal switching unit. [Description of Embodiments] [0018] The following
describes embodiments of the present invention with 25 reference to the drawings. (Embodiment 1)
The following descriigs tHdAtrintbhdBstse enamples whadiagis sy delvice, reception method, and

reception device of the present embodiment. [0019 Prior to describing the present embodiment,
an overview is provid& &Péﬁﬂﬁ&%éé@neﬁ?é‘ﬂ[%%ﬁ&%@ HARME ABod in a conventional spatial

multiplexing MIMO ﬁ@tﬁﬂ‘sﬁ(ﬂ% §o§ﬁfbﬁ§ lg%g %%?f‘ﬂfng‘w‘%(’ b‘oiﬁ?@tial multiplexing MIMO
[ r . As ou

system. An informatioh vector z is encoded and interleave put of the interleaving, an encoded

bit vector u = (ul, uN).igEsiavedobitithssit pbor (Beaptio qudlgkepdiigsthe number of transmission
bits per symbol). Letting the transmission vector s = (s1, .., SOT and the transmission signal from

transmfit antenna #Fige 28pcaieaxemale 0basframesghuciutBe normalized transmission energy is
represented as E{ 1311%]; Es/Nt (E, ei%%\/tﬁe total energy per channel). Furthermore, letting the
received vector be ¥'9) gRIISNFEFRIRR 2bA LelF RINGIH,ented as in Equation 1. [0020] Math 1 15

Equation 1y 6 21,. Fl\ﬁsz th%ﬁﬂel%?@&é’ﬂnﬁl&%ﬂ%mnw&ihb%%he channel matrix, n = (n1, ...,

NNI)r is the noise
Figs. 25A and 25B are examples of mapping methods.

Fig. 26 is an example of the structure of a weighting unit.
10 Fig. 27 is an example of a method for reordering symbols.
Fig. 28 is an example of the structure of a transmission device and a
reception device in a spatial multiplexing MIMO system.
Figs. 29A and 29B are examples of BER characteristics.
Fig. 30 is an example of a 2 x 2 MIMO spatial multiplexing MIMO system.
15 Figs. 31A and 31B show positions of poor reception points.
Fig. 32 shows positions of poor reception points.
Figs. 33A and 33B show positions of poor reception points.
Fig. 34 shows positions of poor reception points.
Figs. 35A and 35B show positions of poor reception points.
20 Fig. 36 shows an example of minimum distance characteristics of poor
reception points in an imaginary plane.
Fig. 37 shows an example of minimum distance characteristics of poor
reception points in an imaginary plane.
Figs. 38A and 38B show positions of poor reception points.
25 Figs. 39A and 39B show positions of poor reception points.
Fig. 40 is an example of the structure of a transmission device in

Embodiment 7.
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20 vector, and n, is the i.i.d. complex Gaussian random noise with an average value 0 and variance
(72. From the relationship between transmission symbols and reception symbols that is induced at the
reception device, the probability for the received vector may be provided as a multi-dimensional
Gaussian distribution, as in Equation 2. 25[0022] 5[0023] Here, a reception device that performs
iterative decoding composed of an outer soft-in/soft-out decoder and a MIMO detector, as in Fig. 1, is
considered. The vetigr otk Isgdiketkopleatid (theafienm Higiciuke répresemasiiitateth Signations 3-5.
10[0024] Math 3 Eq ion 3 L u)=\V Ul /11(UNt)f 15[0025] Math 4 Equation 4 L(ui) = 20[0026]
Math 5 Equﬁﬁ@ F‘l‘il E?It_ %[(55’2"?(]' Iterative Detection Method> 5The following describes

iterative detection q£ élmgszlg §H8\b‘b6§ﬁ@ﬁ?b%@@8@&%ﬂ%8rﬁ¥5tem The log-likelihood

ratio of u"," is deflne as In Equation 6
Figs. 43A and 43B show positions of poor reception points.

5 Figs. 44A and 44B show positions of poor reception points.
Figs. 45A and 45B show positions of poor reception points.
Figs. 46A and 46B show positions of poor reception points.
Figs. 47A and 47B are examples of a frame structure in the time and
frequency domains.
10 Figs. 48A and 48B are examples of a frame structure in the time and
frequency domains.
Fig. 49 shows a signal processing method.
Fig. 50 shows the structure of modulated signals when using space-time
block coding.
15 Fig. 51 is a detailed example of a frame structure in the time and frequency
domains.
Fig. 52 is an example of the structure of a transmission device.
Fig. 53 is an example of a structure of the modulated signal generating units
#1-#M in Fig. 52.
20 Fig. 54 shows the structure of the OFDM related processors (5207_1 and
5207_2) in Fig. 52.
Figs. 55A and 55B are detailed examples of a frame structure in the time
and frequency domains.
Fig. 56 is an example of the structure of a reception device.
25 Fig. 57 shows the structure of the OFDM related processors (5600 X and
5600_Y) in Fig. 56.
Figs. 58A and 58B are detailed examples of a frame structure in the time

and frequency domains.
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[0028] Math 6 10 Equation 6 L(umn ly) =P (1/ imn = +11 y) P(umn=-11y) [0029] From Bayes'
theorem, Equation 6 can be expressed as Equation 7. 15[0030] Math 7 Equation 7 niny) =P (3'l umn
P(y lumn =+1)P(uinn == -1)P(u inn = +)/p(y) -1)/p(y) +1)p(y | win=+1) + In -1)p(y | wpm=-1) +EU
p(y 1 wp(u I win) + In m™ =-1)EU, p(y | u)p(u I utnn) m™ [0031]

Fig. 59 is an example of a broadcasting system.
Figs. 60A and 60B show positions of poor reception points.
Fig. 61 is an example of the structure of a transmission device when
adopting hierarchical transmission.
5 Fig. 62 is an example of the structure of a transmission device when
adopting hierarchical transmission.
Fig. 63 is an example of precoding of a base stream.
Fig. 64 is an example of precoding of an enhancement stream.
Figs. 65A and 65B are examples of arrangements of symbols in modulated
10  signals when adopting hierarchical transmission.
Fig. 66 is an example of the structure of a signal processing unit in a
transmission device when adopting hierarchical transmission.
Fig. 67 is an example of the structure of a transmission device when
adopting hierarchical transmission.
15 Fig. 68 is an example of the structure of a transmission device when
adopting hierarchical transmission.
Fig. 69 is an example of a structure of symbols in a baseband signal.
Figs. 70A and 70B are examples of arrangements of symbols in modulated
signals when adopting hierarchical transmission.
20 Fig. 71 is an example of the structure of a transmission device when
adopting hierarchical transmission.
Fig. 72 is an example of the structure of a transmission device when
adopting hierarchical transmission.
Fig. 73 is an example of a structure of symbols in space-time block coded
25  baseband signals.
Figs. 74A and 74B are examples of arrangements of symbols in modulated

signals when adopting hierarchical transmission.
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Let U+] = {Mu., = 11. When approximating InEaj - max In a. an 1' 5 approximation of Equation 7 can be
sought as Equation 8. Note that the above symbol "-" indicates approximation. [0032] Math 8 Equation
8 13(umn = +1) 146,ml y) In+ max fln p(y lu)+P(u | thim)} P(umn =-1) Un211,-11 MaX fin P(Y 111) P(u
| thim)} umn,-1 [0033] P(ulu",") and In P(ulumn) in Equation 8 are represented as follows. [0034] 15
Math 9 Equation 9 P(ulumn)= HP(uii) (4i)#(111n) exp (U L(U)\2
Figs. 75A and 75B are examples of arrangements of symbols in modulated
signals when adopting hierarchical transmission.
Fig. 76 is an example of a modification of the number of symbols and of
slots necessary for one encoded block when using block coding.
5 Fig. 77 is an example of a modification of the number of symbols and of
slots necessary for two encoded blocks when using block coding.
Fig. 78 shows the overall structure of a digital broadcasting system.
Fig. 79 is a block diagram showing an example of the structure of a
reception device.
10 Fig. 80 shows the structure of multiplexed data.
Fig. 81 schematically shows how each stream is multiplexed in the
multiplexed data.
Fig. 82 shows in detail how a video stream is stored in a sequence of PES
packets.
15 Fig. 83 shows the structure of a TS packet and a source packet in
multiplexed data.
Fig. 84 shows the data structure of a PMT.
Fig. 85 shows the internal structure of multiplexed data information.
Fig. 86 shows the internal structure of stream attribute information.
20 Fig. 87 is a structural diagram of a video display / audio output device.
Fig. 88 shows the structure of a baseband signal switching unit.
[Description of Embodiments]
[0018]
The following describes embodiments of the present invention with
25  reference to the drawings.
(Embodiment 1)

The following describes the transmission method, transmission device,

reception method, and reception device of the present embodiment.
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(L u2(ij#(Inn) exp + exp [0035] Math 10 5 Equation 10 1nP(u | um) = ZInP(tj -1nP(u inn)

[0019]

Prior to describing the present embodiment, an overview is provided of a
transmission method and decoding method in a conventional spatial multiplexing
MIMO system.

5 Fig. 1 shows the structure of an N; x N, spatial multiplexing MIMO system.
An information vector z is encoded and interleaved. As output of the interleaving, an
encoded bit vector u = (uy, ..., Uyy) IS acquired. Note that u; = (Ui, ..., Uim) (Where M
is the number of transmission bits per symbol). Letting the transmission vector s =
(S1, ..., Sny)' and the transmission signal from transmit antenna #1 be represented as

10 s; = map(u;), the normalized transmission energy is represented as E{|si’} = Es/Nt
(Es being the total energy per channel). Furthermore, letting the received vector be y
=(yw ..., Ynr)', the received vector is represented as in Equation 1.

[0020]
Math 1
15 Equation 1

y:(Y1""’er)T

= HNtNrS_I_n

[0021]
In this Equation, Hyey is the channel matrix, n = (ny, ..., ny,)" is the noise
20  vector, and n; is the i.i.d. complex Gaussian random noise with an average value 0
and variance o°. From the relationship between transmission symbols and reception
symbols that is induced at the reception device, the probability for the received
vector may be provided as a multi-dimensional Gaussian distribution, as in Equation
2.
25 [0022]

14



[0036] Math 11 10 Equation 11 1 InP( .)=-2utiP(uii) 1 ct -2 ttiii(ui.) L(ul) 2iL(uini,exp +exp 22
21L(uil)1for

Math 2
Equation 2
1 2
p(y | u) = &P~ = |y—Hs(u)
(27[0-2) r 2(7
5 [0023]

Here, a reception device that performs iterative decoding composed of an
outer soft-in/soft-out decoder and a MIMO detector, as in Fig. 1, is considered. The
vector of a log-likelihood ratio (L-value) in Fig. 1 is represented as in Equations
3-5.

10 [0024]
Math 3
Equation 3

L(u) = L(Ul)" " L(U Nt))T

15 [0025]
Math 4

L(Ui): L(Uil)’m’L(UiM)

20 [0026]
Math 5

Equation 5

15



2 sign(L(u)) -1

P(uj=+1)
P(Uij =-1)

L(ug) =1n

[0027]
<Iterative Detection Method>
5 The following describes iterative detection of MIMO signals in the N; x N,

spatial multiplexing MIMO system.
The log-likelihood ratio of uy,, is defined as in Equation 6.
[0028]
Math 6

10 Equation 6

P(Upo=+11Y)
(U 1Y) =I5 H
R T TRE]Y

[0029]

From Bayes’ theorem, Equation 6 can be expressed as Equation 7.
15  [0030]
Math 7

Equation 7
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[0037] Incidentally, the logarithmic probability of the equation defined in Equation 2 is
represented in Equation 12. [0038] Math 12 5 Equation 12\ 1 112 1nP(y lu)=\r1422-c 220-211y-Hqui
[0039] Accordingly, from Equations 7 and 13, in MAP or A Posteriori Probability 10(APP), the a
posteriori L-value is represented as follows. [0040] Math 13 Equation 13 L(uninly) =In ZU.,+1 exP{
20_1211Y -1l s0-112 PnP(uu)} Zurm_iexP{1211Y-}fis(u)112+Zinr(u..) 2a 15 [0041]

L( |Y)=|I‘I p(ylumn:+1)P(Umn:+1)/p(y)
o PO (U = ~DP U, = -1)p(y)

In P(U,, =+1) “n pylu,,=+1)
P(U,.=-1) pylu,,=-1)

2 pOIuwpulu,,)

mn,+1

Y, eyIuply,)

mn,-1

I P, =+1)

+ 1
PU,.,=-1)

[0031]
Let Upnst = {ulun, = =1} When approximating InZa; ~ max In a;, an

5 approximation of Equation 7 can be sought as Equation 8. Note that the above

symbol “~” indicates approximation.
[0032]
Math 8
Equation 8
P(um, =+1)
L(y ~In mn + maxiln u)+P(uly
(una ) = In-D = maxin p(y 1)+ P(u | umm)}
10 —max{In p(y |u)+P(U|um)}
Umn,-1
[0033]

P(ulum,) and In P(uluy,,) in Equation 8 are represented as follows.
[0034]
15 Math9

Equation 9
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Hereinafter, this is referred to as iterative APP decoding. From Equations 8 and 12, in the
log-likelihood ratio utilizing Max-Log approximation (Max-Log APP), the a posteriori L-value is
represented as follows. 20[0042] Math 14 Equation 14 L(umn | y)zis max ttlf(u, y, L(u))}- max ttlf(u, v,
L(u))} Umn,+1Umn,-1 [0043] Math 15 5 Equation 15 1211y-Hs(u)112+ 2u

P(ul Umn) = H P(Uij)

(ij)=(mn)

) (ij)(mn) L(U;) L(uy)
exp

[0035]
Math 10
5 Equation 10

InPuly,,)=| 2_InP(u,) |-InPU,,,)

[0036]
Math 11
10  Equation 11

InP(uy) = %Uij P(uij)—In eXp( L(Uij)}reXp(— L(lzjij)jj

2
1 1
~ 2 Ui L(uj;) ) I—(Uij)‘ for ‘L(Uij)‘ > 2

_ ‘ L(uy) (u i sign(L(uy;)) _1)

[0037]
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[0044] Hereinafter, this is referred to as iterative Max-log APP decoding. The 10 extrinsic
information required in an iterative decoding system can be sought by subtracting prior inputs from
Equations 13 and 14. <System Model> Fig. 28 shows the basic structure of the system that is related
to the subsequent description. This system is a 2 x 2 spatial multiplexing MEMO system. 15 There is
an outer encoder for each of streams A and B. The two outer encoders are identical LDPC encoders.
(Here, a structure ukiaglematy g¢hedagasitnitensonabdiiyafdheisquaticibdefinehindxawapey but the
error correction coding used by the outer encoder is not limited to LDPC coding. The present invention
may similarfy'BECBFB féh'ﬂs%aaé{ﬂgllgrror correction coding such as turbo coding, convolutional 20
coding, L ; volutional coding, and the like. Furthermore, each outer encoder is described as
having a tr antenna but the outer encoders are not limited to this structure. A plurality of
transmit antepanagznay be used, and the number of outer encoders may be one. Also, a greater
number of outer encoders may be used than the number of transmit antennas.) The streams A and B
respechivelyERgaantédeavers (IEa, itb). Here, the modulation scheme is 2h-QAM (with h bits
transmitted in one symbol). [0045] The reception device performs iterative detection on the above
MEMO 5 signals (iterative APP( teratl Max Iog PP) efco ing). Decoding of LﬁlE: codes is

t

performed bjfy S(ynaLrﬂr D_4517 ructure and
lists the order of after int eavm Int c se b) ale re by the
following Equations. 10[0047] Math 16 Equation 16

[0039]
Accordingly, from Equations 7 and 13, in MAP or A Posteriori Probability

10  (APP), the a posteriori L-value is represented as follows.

[0040]
Math 13
Equation 13
Sy epl= Lo ly—Hs(u)[ + Zinely,)
L. |y)=In—— 20 : : )
ZU eXPy— . 2 y_HS(U) +ZInP(Uij)>
| 20 i J
15
[0041]

Hereinafter, this is referred to as iterative APP decoding. From Equations 8
and 12, in the log-likelihood ratio utilizing Max-Log approximation (Max-Log APP),
the a posteriori L-value is represented as follows.

20 [0042]
Math 14
Equation 14
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a (i a,=a(0Oia,ja 15[0048] Math 17 Equation 17 ( a\ \tbY v =b Gib jb) 20[0049] In this case, 1a, 1b
indicate the order of symbols after interleaving, ja, jb indicate the bit positions Oa, jb = 1, h) in the
modulation scheme, 71a, 71b indicate the interleavers for the streams A and B, and 0 --am, ja,Qbibjb
indicate the order of data  in streams A and B before interleaving. Note that Fig. 2 shows the frame
structure 25for ia = ib. <Iterative Decoding> The following is a detailed description of the

algorithms fqr -pr t decodi ﬁ i r)%[f ef ritergpti i ction of
MIMO signa(L' ﬂ&}i%%ﬂ ggﬁﬁﬁ-r?m t Dé’%‘%_ tifl‘ H:E!ti?t\ﬁol(/m sional M x
N matrix H = {H","} be the check matrix for LDPC codes that are tatgeted for decoding. Subsets A(m),

B(n) of the set [1, N] = {1, 2, ..., NI are defined by the following Equations. [0051] 10 Math 18 Equation
18 A(m) In : H mn=1} [0052] 15 Math 19 Equation 19

[0043]
Math 15
5 Equation 15

1
2
O

y—Hs(u)

Y(u,y,L(u))=-
(u,y, L(u)) >

2+Zj:InP(uij)

[0044]
Hereinafter, this is referred to as iterative Max-log APP decoding. The
10 extrinsic information required in an iterative decoding system can be sought by
subtracting prior inputs from Equations 13 and 14.
<System Model>
Fig. 28 shows the basic structure of the system that is related to the
subsequent description. This system is a 2 x 2 spatial multiplexing MIMO system.
15  There is an outer encoder for each of streams A and B. The two outer encoders are
identical LDPC encoders. (Here, a structure using LDPC encoders as the outer
encoders is described as an example, but the error correction coding used by the
outer encoder is not limited to LDPC coding. The present invention may similarly be
embodied using other error correction coding such as turbo coding, convolutional
20  coding, LDPC convolutional coding, and the like. Furthermore, each outer encoder
Is described as having a transmit antenna, but the outer encoders are not limited to
this structure. A plurality of transmit antennas may be used, and the number of outer
encoders may be one. Also, a greater number of outer encoders may be used than the

number of transmit antennas.) The streams A and B respectively have interleavers

20



B(n) fm := 11 mn [0053] 20In these Equations, A(m) represents the set of column indices of I's in the
Ind' column of the check matrix H, and B(n) represents the set of row indices of 1 's in the nth row of
the check matrix H. The algorithm for sum-product decoding is as follows. Step A.1 (initialization): let
a priori value logarithmic ratio 13"," = 0 for all 25 combinations (m, n) satisfying Fl, = 1. Assume that
the loop variable (the number of iterations) 1Th = 1 and the maximum number of loops is set to |,max.
22 Step A2(Frewtprodessirihy; tneckstationicsobirel dg 2 tRAMr4wath, hshipsdtrnsmoiitad dorabmations (m,
n) satisfyi I%Zln the order of m =1, 2, ..., M, using the following updating Equations. [0054] 5
Math 20 Ec??)ﬁHBH 0(( [0055] 10 Math 21 Equation 21 sign(x)

[0045]
The reception device performs iterative detection on the above MIMO
5 signals (iterative APP (or iterative Max-log APP) decoding). Decoding of LDPC
codes is performed by, for example, sum-product decoding.
[0046]
Fig. 2 shows a frame structure and lists the order of symbols after
interleaving. In this case, (i, ja), (ip, jo) are represented by the following Equations.
10  [0047]
Math 16
Equation 16

(.0 ) )= 7. )

15 [0048]
Math 17

(ib’ Jb) :ﬂb(QZa,jb)

20  [0049]

In this case, i?, i°

indicate the order of symbols after interleaving, j°, j°
indicate the bit positions (j%, j° = 1, ..., h) in the modulation scheme, n®, ©° indicate
the interleavers for the streams A and B, and Q% j,, Q% i indicate the order of data
in streams A and B before interleaving. Note that Fig. 2 shows the frame structure
25 fori,=i,

<Iterative Decoding>
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[0056] 15 Math 22 Equation 22 f (x) in exP(x) + 1 exp(x) _ [0057] 20In these Equations, f represents a
Gallager function. Furthermore, the method of seeking An is described in detail later. Step A.3
(column processing): the extrinsic value logarithmic ratio 13"," is updated for all combinations (m, n)
satisfying H., = 1 in the order of n = 1, 2, ..., N, using the following updating Equation. [0058] 5 Math 23
Equation 23 mnl a m'n m'EB(n)\m [0059] 10Step A4 (calculating a log-likelihood ratio): the
log-likelihood ratio The ifodlowghgfes B €qtai ey miesae poinoweh dreqRligesiineDé0) Muxkzadaquation 24

decoding used in decoding of LDPC codes and for iterative detection of MIMO
signals in the reception device.
[0050]
5 Sum-Product Decoding
Let a two-dimensional M x N matrix H = {H,,.} be the check matrix for
LDPC codes that are targeted for decoding. Subsets A(m), B(n) of the set [1, N] = {1,
2, ..., N} are defined by the following Equations.
[0051]
10 Math 18
Equation 18

Am={n:H_ =1}

[0052]
15 Math 19
Equation 19

B(n)={m: H =1

[0053]

20 In these Equations, A(m) represents the set of column indices of 1’s in the
m™ column of the check matrix H, and B(n) represents the set of row indices of 1’s
in the n™ row of the check matrix H. The algorithm for sum-product decoding is as
follows.

Step A1 (initialization): let a priori value logarithmic ratio By, = 0 for all

25 combinations (m, n) satisfying H.,, = 1. Assume that the loop variable (the number

of iterations) lg,m = 1 and the maximum number of loops is set to lsym, max-
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15 Ln= Eamn+ An m'cB(n)\rn [0061] Step A5 (count of the number of iterations): if Is,. < Lm, max, then
Is"™, is incremented, and processing returns to step A2. If I= 1s um, max, the sum-product 20decoding
in this round is finished. [0062] The operations in one sum-product decoding have been described.
Subsequently, iterative MIMO signal detection is performed. In the variables m, n, ct,", 13",", k," and
111, used in the above description of the operations of sum-product decoding, the variables in stream
A are ma, nSleGRAMArRY PacastiNAn e extiinsicanduthpgaritivies mtsireanisBipdetatbinbalh -bmbnla,

Pbmbnla, Anla, and Lb. <lterative M|MO Signal Detection> The following describes the method
of seeking XPTPIRAUAYS W\Mé) WY 'Bﬂe'fgetiﬁrhﬁnd iPrRSSEY) P ﬁoll%wing%@q&émﬂw Blds from

Equation 1. : ion 25 y(t) =(y 1(0,Y 2(0)T = H22 (t)8(t) n (t) [0065] The
following Eé@%@ga?ghﬁﬁﬁg%ﬁgﬁa 'ﬁ% frame structures of Fig. 2 and 15 from Equations 16 and 17.
[0066] Matt@bEuation 26 a

5 Math 20

Equation 20

O™ H Sign(ﬂvn'—i_ﬂmn') x 1 Z 1:(ﬂ‘”'—i_ﬂmn')

n'eA(m)\n n‘eA(m)\n

[0055]
10 Math 21
Equation 21

1 x>0

sign(x) = '

[0056]
15 Math 22
Equation 22

exp(x) +1
exp(x)—1

f(x)=In

[0057]

20 In these Equations, f represents a Gallager function. Furthermore, the

method of seeking A, is described in detail later.
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na =ia,ja 20 [0067] Math 27 Equation 27 r'b nb -jb [0068] In this case, na,nb e [1, N]. Hereinafter, 2'.-
-4b, and Ebb, where the 5 number of iterations of iterative MIMO signal detection is k, are represented
as k and Lk, nb. Lk, na, At, nb [0069] Step 1+1 (initial detection; k = 0): ko,ba and kn, nb are
sought as follows in the case of initial detection. 10In iterative APP decoding: [0070] Math 28 Equation
28 exP{2al2 DY(ix)11 -22(ix)qu(ix)12} exP{ 2a121131(i X)11

10

15

20

Step A-3 (column processing): the extrinsic value logarithmic ratio fB,, IS updated
for all combinations (m, n) satisfying Hy,, = 1 in the order of n =1, 2, ..., N, using

the following updating Equation.

[0058]

Math 23

Equation 23

B.= 2w
m'eB(n)\m

[0059]

Step A-4 (calculating a log-likelihood ratio): the log-likelihood ratio L, is sought for
n e [1, N] by the following Equation.

[0060]

Math 24

Equation 24

L.= 2wt A

m'eB(n)\m

[0061]
Step A-5 (count of the number of iterations): if lym < lym max then lgm 1S
incremented, and processing returns to step A-2. If Iy = lyum, max, the sum-product
decoding in this round is finished.
[0062]

The operations in one sum-product decoding have been described.
Subsequently, iterative MIMO signal detection is performed. In the variables m, n,

Omn, Bmns Any @nd L, used in the above description of the operations of sum-product

24



-22(i X)S(U(i x12}

number of iterations of iterative MIMO signal detection is 1 0 = 0 and the maximum number of
iterations is set to 101 -Immo, max-

10

15

20

decoding, the variables in stream A are m,, N, 0% mnanas Pomanas Anay @Nd Ly, and the
variables in stream B are My, Ny, 0 monbs Bmbnbs Anbs aNd L.
<Iterative MIMO Signal Detection>
The following describes the method of seeking A, in iterative MIMO signal
detection in detail.
[0063]
The following Equation holds from Equation 1.
[0064]
Math 25
Equation 25

y®)=(y, (1), Y, (1))
=H,, ®)s(t)+n(t)

[0065]
The following Equations are defined from the frame structures of Fig. 2 and
from Equations 16 and 17.
[0066]
Math 26
Equation 26

lﬂla.:::ns::zf;,ja

[0067]
Math 27
Equation 27

25

ET] 15[0071] In iterative Max-log APP decoding: [0072] Math 29 20 Equation 29
Ado = max Itlf(u(ix),y(ix))}- max Itif(u(ix),y(ix))} 'nxU 0,nx,+1U0,"™, 1 [0073] Math 30 Equation 30 \1I |2

5 kif(11(ix), Y(ix))= 20-211Y(ix)-H22(ix)s(u(ix))M [0074] Here, let X = a, b. Then, assume that the



[0075] Step B2 (iterative detection; the number of iterations k): k k, na and k k, where the number of
iterations is k, are represented as in Equations 31-34, from Equations 11,13-15,16, and 17. Let (X, Y)
= (a, b)(b, a). 15 In iterative APP decoding: [0076] Math 31 Equation 31 Lk-Lux,"cix exP x ) +In ax jX
exP 12 c21131(iX )-H22(ix)0(ix))11 +P(usix, 1ii 20_21131(ix)-H22(ix)0(ix))11 +1)(tiQxx,)

b

Ny = Qib,jb

[0068]
In this case, ny,n, € [1, N]. Hereinafter, Ay, Lna, Ay, and L., wWhere the
5 number of iterations of iterative MIMO signal detection is k, are represented as Ay pna,
Lk na> Ak, oy @Nd Ly .
[0069]
Step B-1 (initial detection; k = 0): Ao, na and Aq , are sought as follows in the

case of initial detection.

10 In iterative APP decoding:
[0070]
Math 28
Equation 28
1y, . RN
0.0 =Y (ix)—Hz2(ix)s(u(ix))
iOn :In - g 26 I
X 1 - . - 2
2y,.,. 2 Y () =Haz(ix)su))] ¢
nx o
15
[0071]

In iterative Max-log APP decoding:
[0072]
Math 29
20  Equation 29

Aon, = e 1PWUG). G0l - max luG,).vG0)
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20 [0077] Math 32 Equation 32 P(140x ) ix ,fx 7=1 yijiC

10

15

20

[0073]
Math 30
Equation 30

] ] 1 - - - 2
T(u<|x>,y<|x>>=—202 Y(ix)—Ha22(ix)s(u(ix))
[0074]

Here, let X = a, b. Then, assume that the number of iterations of iterative
MIMO signal detection is |imo = 0 and the maximum number of iterations is set to
Imimo, max-

[0075]

Step B-2 (iterative detection; the number of iterations k): A na and Ay np,
where the number of iterations is Kk, are represented as in Equations 31-34, from
Equations 11, 13-15, 16, and 17. Let (X, Y) = (a, b)(b, a).

In iterative APP decoding:
[0076]

Math 31

Equation 31

Bo.. 9] 5V )~ Haali s o )

1
> exp{—
U 2 02

ﬂ/k'nx - Lk—l’Q:;,Jx (UQ:(JX) * In

Y (ix)—H22(i x)s(u(i x))”2 + p(UQ.i,x)}

[0077]
Math 32
Equation 32
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[0078] In iterative Max-log APP decoding: 5[0079] Math 33 Equation 33 =1"_,,01,(u01,)+ tylaXi
u(i,),Y(ix),P(Ungx - max u(i,),Y(ix),P(Ungx,x) ~ 10[0080] Math 34 Equation 34 (1 u (iv),
3/(ix),P(UQI20-2 1137(iX)-H22(ix)s(u (iX))11 112 P(ti x 15[0081] Step B3 (counting the number of
iterations and estimating a codeword):

)
AUy ,x)_ 2 2 Ugy, ‘(UQX SIgN(L 2.0y (UQM))—l)
y# X
v | Liagy WUgy )
+Z k Qx Q. (quMSig”(l—k—lﬁ?x,y(ugzix,))‘1)
[0078]

In iterative Max-log APP decoding:
5 [0079]
Math 33
Equation 33

A~ L, Wgg )+ o {#{u)50.0 oty ) )= e (#(ui) v ) otugy )

Koy, +1

10  [0080]
Math 34
Equation 34

U096, PUy: )— oy )

15  [0081]

Step B-3 (counting the number of iterations and estimating a codeword):
increment liimo If Imimo < Imimo, max» @nd return to step B-2. Assuming that limo = Inimo,
max, the estimated codeword is sought as in the following Equation.

[0082]
20 Math 35
Equation 35
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increment EII,"0 if Ell,"0 < Lima, max, and return to step B2. Assuming that 1",11"0 = max, the
estimated codeword is sought as in the following Equation.  [0082] 20 Math 35 Equation 35 >o0
Li""mo,n,c <o Limimo,n,c [0083] Here, let X = a, b. 5[0084] Fig. 3 is an example of the structure of
a transmission device 300 in the present embodiment. An encoder 302A receives information (data)
301A and a frame structure signal 313 as inputs and, in accordance with the frame structure signal
313, performs error ¢ r(ﬁction cpding such gs Epnvolutional coding, LDPC 10 coding, turbo coding, or
the like, outpatting engoded dat :[(Ehe frame structure signal 313 includes information such as
the error cmu ionmethpd usegl for error cogrggtion coding of data, the encoding ratio, the block
length, and th ﬁﬂie. Thé ncod£_‘102A éﬁgerror correction method indicated by the frame
structure signal 313. Furthermore, th& errér correction method may be switched.) 15[0085] An
interleaver 304A receives the encoded data 303A and the frame structure signal 313 as inputs and
performs interleaving, i.e. changing the order of the data, to output interleaved data 305A. (The
method of ifl@@88hving may be switched based on the frame structure signal 313.) 20A mapper 306A
receives the interleaved gata 305A and the frame structure signal 313 as inputs, performs modulation
such as Quadraturd Bfadt! $hiitk8ying (QPSK), 16 Quadrature Amplitude Modulation (L6QAM), 64
Quadr@ure@ﬁ%a itude Modulation (64QAM), or the like, and outputs a resulting baseband signal 307A.
(The metho odulation may be switched based on the frame structure signal 25313.) Figs.

24A and 24B are aFgrangle®iexananpiog hethpdearer éihd Qrpfsntsdianite\doersphaaetigomponent |
and a quadrature component Q, to form a baseband signal in QPSK modulation. For example, as

shown in Fipresamt, FrmoimentafniserovdanSo2tpueisives] iof@raali@) Siaitrig0idk iapditalata of
"01", the ou ut Isl=5-1.0, % 13& and so forth. Fig. 24B |I§Fan exan&e of dn‘ferent method of
mapping in ﬁm@ f)ti%éufgr k 8&%‘&%%3%%}“ PHROFPABGifY géeb Aent f—qﬁ WAB and Fig.
24A is that ﬁlgﬁfép DRIRE @r@ﬂéﬁ??e‘é?&ﬁ%%&m tegArasna 0601 S%F%ﬁtﬁlﬁé”@ﬁﬂ?a‘ points
of Fig. 24B. on Paten Literature 9 and Non-Patent L terature 10 descrl e suc onstellation
rotatiq metheih@neihe Gudiad? Beléye like, outputting encoded data 303A. (The frame
structure signal 313 includes information such as the error correction method used
for error correction coding of data, the encoding ratio, the block length, and the like.
The encoder 302A uses the error correction method indicated by the frame structure
signal 313. Furthermore, the error correction method may be switched.)
15 [0085]
An interleaver 304A receives the encoded data 303A and the frame
structure signal 313 as inputs and performs interleaving, i.e. changing the order of
the data, to output interleaved data 305A. (The method of interleaving may be
switched based on the frame structure signal 313.)
20 A mapper 306A receives the interleaved data 305A and the frame structure
signal 313 as inputs, performs modulation such as Quadrature Phase Shift Keying
(QPSK), 16 Quadrature Amplitude Modulation (16QAM), 64 Quadrature Amplitude
Modulation (64QAM), or the like, and outputs a resulting baseband signal 307A.
(The method of modulation may be switched based on the frame structure signal

25  313.)
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10 described in Non-Patent Literature 9 and Non-Patent Literature 10 may also be adopted. As
another example apart from Figs. 24A and 24B, Figs. 25A and 25B show signal point layout in the 1Q
plane for 16QAM. The example corresponding to Fig. 24A is shown in Fig. 25A, and the example
corresponding to Fig. 24B is shown in Fig. 25B. 15[0086] An encoder 302B receives information
(data) 301B and the frame structure signal 313 as inputs and, in accordance with the frame structure
signal 313, performbEigeratdddmadtidBcakting sxemalke cny ohapoizg coelitey Dper@rcdQimdanerbo coding,

or the like, outputting encoded data 303B. (The frame structure signal 313 includes 20 information

oeh as e EEC OAor-ERreeP 0L SN B O TR DR AT AR RS T ne error
p D _ \ ;

Corection e o o R BB I

the frame stEtutkesipmAIiSt3 asliopaisand. vy i fteriepyintkid of changing dheorder ef the data,

to 25 output interleaved data 305B. (The method of interleaving may be switched based on the frame
structube sigdal.323)1.0, andaipeh 3668 24Bdiven exanmbriebastifthieatusthehotineafping structure

signal 313 as inputs, performs maodulation such as Quadrature Phase, Shift Keyjn PSK), 16
Soadrature AT R R GOSN 12D S e o IHE ARG R ORI, o the
like, and ou [tgyonb ' C lat itched
based on th%a#}rﬁg E?ﬁicgt{%é %%ﬁ%ﬁ%%?%g)g};ﬁﬁs qu%e?gﬁlﬁéqn orgn’hia?}sﬁ%@gg?gﬁﬂsgmgnit 314
receives theffigimeosyieriure signal e ofFig P24 BNN e pPatis infermatian Bdsrepading i weighting
method based on the frame structure signal 313. The weighting method is characterized by regular
hopping belvitasatuieigAtdeswjooserh a cansteldtint rotitivsosnetbodivesyttie KayebaRu3aial 307A, the
baseband signal. 307B, and the information 315 regarding the weighting method, and based on the
itorton CoATEEHL 1 e R LR, SOt ATE LS PP, S0EM I aRel 507 and
the baseba ignal QuIR i 15 ragWting frommt eighin §s on the
weighting rr?gﬁﬁ)%'agrggr%cﬁvcﬁcﬁe% Iater.%ggg% ﬂah%,%? vﬁlsr és%ﬁlﬁitg %O%@écﬁggésgtﬁ}é sgiaﬁ)a?%%QA

resulting frasmoilesiyeigpoiot deyentinpdiand priferfos IBQeNE Thserarmpletbagomsidiasidation, band
limiting, frequency conversion, amplification, and the like, outputting a transmission signal 20 311A. A
transmissiohigigtfeh 39 sroldiRdtigadHyaane thaexaropleaenaiesnondipgdn Hmoddp is skowsighting unit
308B receives the baseband signal 307A, the baseband signal 307B, and the information 315
regarding tHESWQi 'g method, and based on the information 315 regarding the weighting method,
perforpas WB?%% g on the 25 baseband signal 307A and the baseband signal 307B and outputs a
signal 309B resuiting from the weighting. [0091] Fig. 26 shows the structure of a weighting unit.

The baseband signalBerdbirinB0tplistyavlibftneidmgdath) GE1R0amN ehis frantiendieddayrw21(t),
yielding w21(t)sl(t). Similarly, the baseband signal 307B is multiplied by w12(t) to generate w12(t)s2(t)

and is multipgeal31d2g f)roteanérinaoserdgacyvitieite framswirugseignalitBspetferinesz2(t) =
W)l R iSOl S 8 Somvaritional Eding S M ea g A Boceodhig e (0093
or the like, outputting encoded data 303B. (The frame structure signal 313 includes
20 information such as the error correction method used, the encoding ratio, the block
length, and the like. The error correction method indicated by the frame structure
signal 313 is used. Furthermore, the error correction method may be switched.)
An interleaver 304B receives the encoded data 303B and the frame structure
signal 313 as inputs and performs interleaving, i.e. changing the order of the data, to
25  output interleaved data 305B. (The method of interleaving may be switched based
on the frame structure signal 313.)
A mapper 306B receives the interleaved data 305B and the frame structure

signal 313 as inputs, performs modulation such as Quadrature Phase Shift Keying
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A wireless unit 310B receives the signal 309B resulting from the weighting 10 as an input and
performs processing such as orthogonal modulation, band limiting, frequency conversion,
amplification, and the like, outputting a transmission signal 311B. A transmission signal 511B is output
as a radio wave from an antenna 312B. [0094] Fig. 4 shows an example of the structure of a
transmission device 400 that 15differs from Fig. 3. The differences in Fig. 4 from Fig. 3 are described.
[0095] FRPSHEb dér Quadrateie Ampidiutatdadutaizym (I6 QAN eGlaRiendtaticterd BilHaNs 13 as

inputs and, in accordance with the frame structure signal 313, performs error correction coding and
otputs encBEH BHEDAG2 SN e KGR A 8 At LA B ERB i S A 2403 as

nput, gy gl P93 AR U SARASELLBIP A0SR ARG s yape encoder

is shown, but the number of encoders is n is way. The present invention may similarly be
embodied vgngn the number of encoders is m (where m is 25an integer greater than or equal to one)
and the distribution unit divides encoded data generated by each encoder into two parts and outputs
the divided R&/[0097] Fig. 5 shows an example of a frame structure in the time domain for a

t ission devi ing ta t t embodi t. bol.500 i bol f tifying th
ecotion device of bR RGOSR St L PREPS DS, CEFogt bt raton uch

as the error, | 0, ftti neQdi | the
modulation Sri%iﬁo%%ié%%@r%ﬁsﬁléi%ﬁ Qﬁgi@gﬁ&%@gg’?mﬁ%@iﬁm‘@%% 1@ﬁe@pgstimaﬂng
channel flugtasaidoorfensheamecitratadreigimatl @1 witheevidsghiniey irrnisoutiediydbritiansayssion
device. The symbol 10 502 _i is the data symbol transmitted as symbol number u (in the time domain)

by the modiggtdardignaing(betiveeheeighi®ol 503 i is the data symbol transmitted as symbol number u
+ 1 by the modulated signal zi(t). [0099] The symbol 501 2 is for estimating channel fluctuation for the
modufated %O%E? nal z2(t) (where t is time) transmitted by the transmission device. The symbol 502_2

is the data symbol t@rﬁﬂﬁgﬁ%%m%gbwgggﬁ;eg metrb%Mag 51‘9;51?7’ gZéggigér%f}gg?g*mbol

503 2 is the data sym itted as symbol number u + 1 by thg modulate [0100]
20The followiedeszRbaadhke eiddonahites S wepnding thedubited signaih et haat has(d) sransmitted

by the transmission device and the received signals rl(t) and r2(t) received by the reception device.
[0101] the information 315 regarding the weighting method, performs weighting on the
baseband signal 307A and the baseband signal 307B and outputs a signal 309A
15  resulting from the weighting. Details on the weighting method are provided later.
[0089]

A wireless unit 310A receives the signal 309A resulting from the weighting
as an input and performs processing such as orthogonal modulation, band limiting,
frequency conversion, amplification, and the like, outputting a transmission signal

20  311A. Atransmission signal 511A is output as a radio wave from an antenna 312A.
[0090]

A weighting unit 308B receives the baseband signal 307A, the baseband
signal 307B, and the information 315 regarding the weighting method, and based on
the information 315 regarding the weighting method, performs weighting on the

25  Dbaseband signal 307A and the baseband signal 307B and outputs a signal 309B

resulting from the weighting.

[0091]
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In Fig. 5, 504#1 and 504#2 indicate transmit antennas in the transmission 25 device, and 505#1 and
505#2 indicate receive antennas in the reception device. The transmission device transmits the
modulated signal zl(t) from transmit antenna 504#1 and transmits the modulated signal z2(t) from
transmit antenna 504#2. In this case, the modulated signal zI(t) and the modulated signal z2(t) are

assumed to occupy the same (a shared/common) frequency (bandwidth). Letting the channel
fluctuation for the traigsraf ahtsytis ctthesurardnaisedgntiegice dnd hadasabanithsionahS0éfeption

device be hjl(t), h12(0, h21(0, and h22(0, the signal received by the receive antenpa 505#1 of the
reception dé%/@qﬂs'@iﬂﬁd;5&&&%&%&‘?@!&%&%%%‘E’e@e HHHF@H&]&VS@@#ﬁt PHR4EGe ption
device be r lawyj j i : t | AV @l (1) (zI(E\
10y.201 nay o) A T e s e 2 I R O TR 1 e
present empadiment)Aawe ightima il 69 bintegrates iheyarighting/ 2mitR 3APANK, 308) in=15 Fig. 3.
As shown in Fig. 6, a stream s1(t) and a stream s2(t) correspond to the baseband signals 307A and
307B id FigWd 1) stkig rvvstaél) saétsarchaz{ty Hvahd)s2(t) are2R€ 15360 a0 a8rjnadiin-phase

components | and quadrature components Q when mapped according to a modulation scheme such
as QPSK, 1 , 64QAM, or the like. As indicated by the frame structure of Fig. 6, the stream s1(t) is

20 represented as ?é@zgtﬁmg%aﬁm yg%? ‘Jﬂgg %ﬁiﬁgéygﬁ)gol number u + 1, and so forth.

Similarly, the strea t) is represente at sy number u, as s2(u + 1) at symbol number
u+ 1, and godosh. The weighting unit 600 receives the baseband signals 307A (51(0) and 307B
(52(t)) and the information 315 regarding

A wireless unit 310B receives the signal 309B resulting from the weighting

10 as an input and performs processing such as orthogonal modulation, band limiting,
frequency conversion, amplification, and the like, outputting a transmission signal
311B. A transmission signal 511B is output as a radio wave from an antenna 312B.
[0094]

Fig. 4 shows an example of the structure of a transmission device 400 that

15  differs from Fig. 3. The differences in Fig. 4 from Fig. 3 are described.

[0095]

An encoder 402 receives information (data) 401 and the frame structure
signal 313 as inputs and, in accordance with the frame structure signal 313, performs
error correction coding and outputs encoded data 402.

20 [0096]

A distribution unit 404 receives the encoded data 403 as an input, distributes
the data 403, and outputs data 405A and data 405B. Note that in Fig. 4, one encoder
is shown, but the number of encoders is not limited in this way. The present
invention may similarly be embodied when the number of encoders is m (where m is

25  an integer greater than or equal to one) and the distribution unit divides encoded data
generated by each encoder into two parts and outputs the divided data.

[0097]
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weighting information in Fig. 3 as inputs, performs weighting in accordance with the 25 information 315
regarding weighting, and outputs the signals 309A (zl (0) and 309B (z2(t)) after weighting in Fig. 3. In
this case, zI(t) and z2(t) are represented as follows. For symbol number 4i (where i is an integer
greater than or equal to zero): [0104] 5 Math 37 Equation 37 ( JOJO \ "z1(4i)1 ees1(40" 3 2(4i)eJo
e471-)S2(4i)/ [0105] 10 Here, j is an imaginary unit For symbol number 4i + 1: [0106] Math 38
Equation 38 Z1(4i\ E&xZ284shpwsiausxamele ekigaframe \sn(aiure1)n the time domain for a

transmission device according to the present embodiment. A symbol 500 1 is a
symbol for notifying the reception device of the transmission method. For example,
the symbol 500_1 conveys information such as the error correction method used for
5 transmitting data symbols, the encoding ratio, and the modulation method used for
transmitting data symbols.
[0098]
The symbol 501 _1 is for estimating channel fluctuation for the modulated
signal z1(t) (where t is time) transmitted by the transmission device. The symbol

10 502_1 is the data symbol transmitted as symbol number u (in the time domain) by
the modulated signal z1(t), and the symbol 503_1 is the data symbol transmitted as
symbol number u + 1 by the modulated signal z1(t).

[0099]
The symbol 501_2 is for estimating channel fluctuation for the modulated

15 signal z2(t) (where t is time) transmitted by the transmission device. The symbol
502_2 is the data symbol transmitted as symbol number u by the modulated signal
z2(t), and the symbol 503 2 is the data symbol transmitted as symbol number u + 1
by the modulated signal z2(t).

[0100]

20 The following describes the relationships between the modulated signals
z1(t) and z2(t) transmitted by the transmission device and the received signals r1(t)
and r2(t) received by the reception device.

[0101]
In Fig. 5, 504#1 and 504#2 indicate transmit antennas in the transmission

25 device, and 505#1 and 505#2 indicate receive antennas in the reception device. The
transmission device transmits the modulated signal z1(t) from transmit antenna
504#1 and transmits the modulated signal z2(t) from transmit antenna 504#2. In this

case, the modulated signal z1(t) and the modulated signal z2(t) are assumed to
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[0107] For symbol number 4i + 2:  [0108] 20 Math 39 Equation 39 (z1(4i+2)\=12z2(4i+2))-12 3\
e37171- slc4di + 2) \ JOs2(4-i+ 2) e [0109] For symbol number 4i + 3: 5[0110] Math 40

occupy the same (a shared/common) frequency (bandwidth). Letting the channel

fluctuation for the transmit antennas of the transmission device and the antennas of

the reception device be hy(t), hio(t), hoi(t), and h,y(t), the signal received by the

receive antenna 505#1 of the reception device be r1(t), and the signal received by the
5 receive antenna 505#2 of the reception device be r2(t), the following relationship

holds.

[0102]

Math 36

Equation 36

i) _ ()

h
o (r2(t)) (hut) hy(t) ) 226)

[0103]
Fig. 6 relates to the weighting method (precoding method) in the present
embodiment. A weighting unit 600 integrates the weighting units 308A and 308B in
15 Fig. 3. As shown in Fig. 6, a stream s1(t) and a stream s2(t) correspond to the
baseband signals 307A and 307B in Fig. 3. In other words, the streams s1(t) and
s2(t) are the baseband signal in-phase components | and quadrature components Q
when mapped according to a modulation scheme such as QPSK, 16QAM, 64QAM,
or the like. As indicated by the frame structure of Fig. 6, the stream s1(t) is
20  represented as s1(u) at symbol number u, as s1(u + 1) at symbol number u + 1, and
so forth. Similarly, the stream s2(t) is represented as s2(u) at symbol number u, as
s2(u + 1) at symbol number u + 1, and so forth. The weighting unit 600 receives the
baseband signals 307A (s1(t)) and 307B (s2(t)) and the information 315 regarding
weighting information in Fig. 3 as inputs, performs weighting in accordance with the

25 information 315 regarding weighting, and outputs the signals 309A (z1(t)) and 309B
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Equation 40 z1(4 i+ 3)\1 + 3), , e+3)\s2(4-i + 3) e 10[0111] In this way, the weighting unit in Fig.
6 regularly hops between precoding weights over a four-slot period (cycle). (While precoding weights
have been described as being hopped between regularly over four slots, the number of slots for
regular hopping is not limited to four.) 15Incidentally, Non-Patent Literature 4 describes switching the
precoding weights for each slot. This switching of precoding weights is characterized by being random.
On the othezRENd afitethweiglssng embaglinertt) dhdereare petich dogci)(i3 previdptesanigdnasprecoding
weights are_hgpped between regularly. Furthermore, in each 2 x 2 precoding weight matrix composed
of four precfﬂﬁ Y Weights, the 20 absolute value of each of the four precoding weights is equivalent to

! four pre ght  valu four precading welghs i equ
charactonst LI e L o o o LS L Rh R ZEIoE eea. reception

quality may[gneay improve, yet the special precoding matrix differs depending on the conditions of
direct waves. In an LOS environment, however, a certain tendency 5 exists, and if precoding matrices
are hoppedMativéén regularly in accordance with this tendency, the reception quality of data greatly
improves. On the other hand, when precoding matrices are hopped between at random, a precoding
matrix otheFHAIMe4bove-described special precoding matrix may exist, and the possibility of
performing precoding only with biased precoding matrices that are not suitable for 10 the LOS
environment also exists. Thereforg, injan LOS gmvironment, excellent reception quality may not always
be obtained Alléeﬂilag , therg is a@eed fm@ pre Adppi g method suitable for an LOS
environmenf. The preser fon proposes sychjja precoding method. [0113] 15Fig. 7 is an example
of the structyrg 21 diekgptior/fRvicgy 780 in thk, FreseB 2 |4tl5 ment. A wireless unit 703_X receives,
as an input, a received signal 702\ Xreceiv&d by ntenna 701 X, performs processing such as
frequency conversion, quadrature demodulation, and the like, and outputs a baseband signal 704_X.
[0114] 20A channel fluctuation estimating unit 705 _i for the modulated signal zl

[0105]

10  Here, j is an imaginary unit.
For symbol number 4i + 1:
[0106]

Math 38

Equation 38
jo jo

214i+1)) 1| e e | swu4i+1)
15 (z2(4i+1)) V2| ale” o0 \s2(4i +1)

[0107]
For symbol number 4i + 2:
[0108]
20 Math 39
Equation 39
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transmitted by the transmission device receives the baseband signal 704_X as an input, extracts a
reference symbol 501 _i for channel estimation as in Fig. 5, estimates a value corresponding to h]] in
Equation 36, and outputs a channel estimation signal 706 _i. 25[0115] A channel fluctuation
estimating unit 705_2 for the modulated signal z2 transmitted by the transmission device receives the
baseband signal 704_X as an input, extracts a reference symbol 501 2 for channel estimation as in
Fig. 5, estimates a value corresponding.to h12 in Eqyatipn 36, and outputs a channel estimation

signal 706_ %&1 )T\ irelesg uhit 7G8_Y recgive g;( L@ (f'ved signal 702_Y received
5 by an antgn 0 I\?F% orms proce @g sucl@s“‘re :ﬁ F%ﬂcin—\'/@eg' , quadrature demodulation,
and the like ?zzf‘%in%s seba gnaljgo4_Y. [p41 é%ﬁ%taonrz fluctuation estimating unit
707 _i for th e | zI t |@é by th@ransmi iC eives the baseband signal
704_Y as an 10 input, extracts a reference symbol 501 ‘i for channel estimation as in Fig. 5, estimates
a value corresponding to h21 in Equation 36, and outputs a channel estimation signal 708 _i. [0118] A
channel fluctuation estimating unit 707_2 for the modulated signal z2 15 transmitted by the
transmissiogqi@ﬁ;e receives the baseband signal 704_Y as an input, extracts a reference symbol 501
2 for chann fmation as in Fig. 5, estimates a value corresponding to h22 in Equation 36, and
outputs a C@?@ghﬁ%i@ﬁﬁ%ﬁﬂnﬁhms—z' [0119] 20A control information decoding unit 709 receives
the baseban nal 704_X and the baseband signal 704_Y as inputs, detects the symbol 500 _i that
indicatgs thpptragismission method as in Fig. 5, and outputs a signal 710 regarding information on the
transmission method indicated by the transmission device. [0120] 25A signal processing unit 711
receives, asviapuf) the baseband signals 704_X and 704 Y, the channel estimation signals 706 1, 706
2,708 1, and 708 2, and the signal 710 regarding information on the transmission method indicated by

the transmi Hﬁt'(%'vlge, performs detection and decoding, and outputs received data 712_i and
712 _2.[0121] Next, operations by the signal processing unit 711 in Fig. 7 are described in

A(4i+3)) 1 (alsr o s14i+3)
-_—|e e
22(4i+3)) V2| o1 @l \s2(4i+3)

10 [0111]

In this way, the weighting unit in Fig. 6 regularly hops between precoding
weights over a four-slot period (cycle). (While precoding weights have been
described as being hopped between regularly over four slots, the number of slots for
regular hopping is not limited to four.)

15 Incidentally, Non-Patent Literature 4 describes switching the precoding
weights for each slot. This switching of precoding weights is characterized by being
random. On the other hand, in the present embodiment, a certain period (cycle) is
provided, and the precoding weights are hopped between regularly. Furthermore, in
each 2 x 2 precoding weight matrix composed of four precoding weights, the

20  absolute value of each of the four precoding weights is equivalent to (1/sqrt(2)), and
hopping is regularly performed between precoding weight matrices having this

characteristic.
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5 detail. Fig. 8 is an example of the structure of the signal processing unit 711 in the present
embodiment. Fig. 8 shows an INNER MIMO detector, a soft-in/soft-out decoder, and a weighting
coefficient generating unit as the main elements. Non-Patent Literature 2 and Non-Patent Literature 3
describe the method of iterative decoding with this structure. The MIMO system described in
Non-Patent Literature 10 2 and Non-Patent Literature 3 is a spatial multiplexing MEMO system,
whereas th¢0ddHent embodiment differs from Non-Patent Literature 2 and Non-Patent Literature 3 by

describing a MEMO system that changes precoding weights with time. Letting the (channel) matrix in
Equation 36 be HE\ drio AR HEIGRE ik SRESHG) SEERRHIR o SebotiFePHelght matrix

changes over 1)+t cel \Y; )k D= r : Str =
e AT U e S R A e
In this casei@edrdridirrodemice sanapnly she ESediigomeatimdhovidoerPawntditesatisiecy and
Non-Patent Literature 3 to the received vector R(t) by 25 considering H(t)W(t) as the channel matrix.

[0124]5  ecRiftsefite, ih precgdiing cweaiiesare)dnppetngetnres1® gy RIdy 8nvecennslenas wjiht, a signal

(cortospondi [VARDNN F 9o AL Sy 30 D ATRUH Bt P i gHt

coeficents, a1 2l ATANER YIMOAeiah AR s e SRRAlieD feaacp prormatir

on weighting coefficients as input an he signal 820, performst ation in Equation 41.
lterative detaatiahangodecgsbingbedisyeciarinevedingadelowing aaserires tpgiasbritpeseof
10[0126] In the signal processing unit in Fig. 8, a processing method such as that shown in Fig. 10
is necessarpeidpiBIAY R eRschagh giseveitivd thsascner00 dingt naail easdbaiotte(0pbaiRalBdPbT the

modulated signal (stream) sl and one codeword (or gne frame) of the modulated signal (stream) s2 are
ecorth ATE TE0 S0 TIBEE LA RS S ELCES of b e P R EBLeRUR RSN one

frame) of th g—:-gja j nﬁ.J |S§ Wa 0 %?j%eo r fr. t odulated
signal (streg%rr(g)gggb:rf tzﬁt?e Forﬁat?e soft-in seok[gg%{?glgco er.\@e fiéﬁag%ﬁ;%i% iglggisrnéerformed
again usingpireeddiffy FibesingpestiansuiRefteraRed ORIHVE dimem(MERempssatinne hebng referred
to as iterative decoding (iterative 20 detection)). Hereinafter, description focuses on the method of
generating fienesesiserhcoRr eaaei (I0LRtBPE. symbol at a particular time in one frame. [0127] In Fig. 8,
a storage u 'tl%%ireceives, as inputs, a baseband signal 801X (corresponding to the baseband signal
704 _Xin Figd ,-a channel estimation signal 25 group 802X (corresponding to the channel estimation

signalps706_i and 7@, 7 iR EigeAnfRaseirngrsiand! 802 Ye(eRHBRRRNMIRS R hehasrhang signal

704_Y In Fig.
embodiment. A wireless unit 703_X receives, as an input, a received signal 702_X

received by an antenna 701_X, performs processing such as frequency conversion,
quadrature demodulation, and the like, and outputs a baseband signal 704_X.
[0114]

20 A channel fluctuation estimating unit 705 1 for the modulated signal z1
transmitted by the transmission device receives the baseband signal 704 X as an
input, extracts a reference symbol 501 1 for channel estimation as in Fig. 5,
estimates a value corresponding to hy; in Equation 36, and outputs a channel
estimation signal 706 _1.

25  [0115]

A channel fluctuation estimating unit 705 2 for the modulated signal z2
transmitted by the transmission device receives the baseband signal 704_X as an

input, extracts a reference symbol 501 2 for channel estimation as in Fig. 5,
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7), and a channel estimation signal group 802Y (corresponding to the channel estimation signals 708 _i
and 708_2 in Fig. 7). In order to achieve iterative decoding (iterative detection), the storage unit 815
calculates H(t)W(t) in Equation 41 and stores the calculated matrix as a transformed channel signal
group. The storage unit 815 outputs the above signals when necessary as a baseband signal 816X, a
transformed channel estimation signal group 817X, a baseband signal 816Y, and a 5 transformed
channel estistbnaiesignsdly® gpgespondnesio hi Sibdeguaiinro@snatodscrdssearibeansebarately for
initial detection and for iterative decoding (iterative detection). [0129] 10<Initial Detection> The
INNER MIME'RAHEEFE08 ides, as inputs, the baseband signal 801X, the channel estimation
signal grou{pi(ﬁ(iﬁj(, the baseband signal 801Y, and the channel estimation signal group 802Y. Here,
the modulation method for the modulated signal (stream) s 1 and the modulated signal (stream) s2 is

described as 15 16QAMreleiS0hit 703 he NSERRIVAM AiRfectecd08dfiskiralFotas reéeivgd) from the

channel estimation signal group 802X and the channel estimation signal group 802Y to seek candidate
signal pointeycanrasisondinglioYhpastaenmpidetgsiansOIC aEiffequesiiywe R Sioh GariRiton. In Fig.

11, each black dat (e) is a candidate signal point in the 1Q plane. Since the modulation method is
T6OAM, thelE R OB AR o GH US98 8 S8 forlustration, not all 256
candidate s'gmiﬂaoints are shown.) Here, letting the four bits transferred by modulated signal sl be b0,
bl, b2, and b3, and the four bits transferred by modulated signal s2 be b4, b5, b6, and b7, 25 candidate

signal points correspopidingdp fladtuatioh 2sbigadithdoanh6707) infbigthbl rasisilatée signareg Euclidian
distance is sought between a received signal point 1101 (corresponding to the baseband signal 801X)
and each céisdrmtdesighaltheitiarsaybseuaRdEusiigixasdibe hesaaiigigndly t6é Noise #ariance (72.

Accordingly, Ex(bO, hi, b2, b3, b4, b5, b6, b7). i.e. th lue of the squared Euclidian djstance between
A o L GO e P05l P T G T ST

divided by the:poj iance, i te that th | ignals sl
oo oo SSIRARE (EXRGE OREUHHING I LR IEREAE S Ahies TogHatag oonals ©

estimation sigiabgeLsid®Xeend the channel estimation signal group 802Y, candidate signal points
corresponding to the baseband signal 801Y are sought, the squared Euclidian distance for the
received sidAalPbint (corresponding to the baseband signal 801Y) is 10 sought, and the squared

Euclidian distance is divided by the nqise variance ci2. A dingly, Ey(b0, hi, b2, b3, b4, b5, b6, b7),
i.e. the value of theis‘q WE%HF&%‘%%%B%%HBH ?@%i%é@g%@&%ﬁ%&%@i%mg to (b0,
hi, b24 B3, ] ' [ 0j. W j i N ht. [0132]
e e o B T B e e P S K s, b, b,
b6, b7) is soygit. F9ARBEs a rEferdhNES)MMOSdetertesr8eRaputlutstirtllioni, &2,iR3F ik, 55, b6, b7)
as a signal 804. 20[0134] A log-likelihood calculating unit 805A receives the signal 804 as input,

calculates tR¥ilvgtRkefhvdldgoe®iteSPONHING 2{arid:bB) dratiatigiutdta i likelipidsdasighBI6A. Note

that during calculation of the Iéwﬁ‘gkelihood, the log likelihood for "1" and the log likelihood for "0" are
calculated. $HEMALRN IG5 h d is as shown

[0119]

20 A control information decoding unit 709 receives the baseband signal
704_X and the baseband signal 704_Y as inputs, detects the symbol 500 1 that
indicates the transmission method as in Fig. 5, and outputs a signal 710 regarding
information on the transmission method indicated by the transmission device.

[0120]

25 A signal processing unit 711 receives, as inputs, the baseband signals

704_X and 704_Y, the channel estimation signals 706_1, 706_2, 708_1, and 708 _2,

and the signal 710 regarding information on the transmission method indicated by
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25 in Equations 28, 29, and 30. Details can be found in Non-Patent Literature 2 and Non-Patent
Literature 3. [0135] Similarly, a log-likelihood calculating unit 805B receives the signal 804 as
input, calculates the log likelihood for bits b4, b5, b6, and b7, and outputs a log-likelihood signal 806B.
[0136] 5A deinterleaver (807A) receives the log-likelihood signal 806A as an input, performs
deinterleaving corresponding to the interleaver (the interleaver (304A) in Fig. 3), and outputs a
deinterleavételbgriaistuudsyital fedarB1dstpdinnang, decrdingrlead@uUIROEREeebddaiathe
log-likelihoad signal 806B as 10an input, performs deinterleaving corresponding to the interleaver (the
interleaver (éé‘l%)al F7|&23§ and outputs a deinterleaved log-likelihood signal 808B. [0138] A
Iog-IikeIihoigfﬂ' calculating unit 809A receives the interleaved log-likelihood signal 808A as an
input, calcufates the log-likelihood ratio (LLR) of 15 the bits encoded by the encoder 302A in Fig. 3,

and outputs a log-likglitioegeratiomidnatiEliignad bedessingioniari.1aitopidike irearésatibeepigulating unit
809B receives the interleaved log-likelihood signal 808B as an input, calculates the log-likelihood ratio
20 (LLR) ofdekaibitsign8dded yanpenebdiks Joreure Ff s algnalupeessal ighuikeiido thgo signal

810B. [0140 A soft-in/soft-out decoder 811A receives the log-likelihood ragio sjgnal 810A as an
input, perfo&?ﬁ%c@@ﬁ%@'%%ﬁ&t a‘%@%d@'a I'c%NH:(BIiMMéa%@tﬁgt%rlﬁ?’fé&ﬂ]&ﬂ%ougimiIarIy, a

soft-in/soft-gy %gdgﬁ@g%d%%ﬁg@iﬂ%%%l' i %%J&I@Sieﬁ 'aéowsmaiw(gégén?sﬁg;;?;e

decoding, and outputs a deco ratio 812B. [0142] 5<Iterative Decoding

Detection), Noimopetenf Lteertinne Zand Ném iierieaverdfidA)desgivestibenaudikelfiaostiadio 812A
decoded by the soft-in/soft-out decoder in the (k - 1 )th iteration as an input, performs interleaving, and

outputs an irepiagedilbgthisesifideit eatiohe IMAMVItheyisiriTisteseigopetiorhl on thatenteklderatuB13A) is
similai(so thf grllt \ (?rY-iFr’]gtgne%t e{tgrigtlﬁpe? 3@4”&%&')%%‘5?%3%%’?&!% iI(\J/'II:I)VIO system, whereas the
present embodiment differs from Non-Patent Literature 2 and Non-Patent Literature
3 by describing a MIMO system that changes precoding weights with time. Letting
the (channel) matrix in Equation 36 be H(t), the precoding weight matrix in Fig. 6 be
W(t) (where the precoding weight matrix changes over t), the received vector be R(t)
15 = (r1(t),r2(t))", and the stream vector be S(t) = (s1(t),s2(t))", the following Equation
holds.
[0122]
Math 41

 RO=HEWESE)

[0123]
In this case, the reception device can apply the decoding method in
Non-Patent Literature 2 and Non-Patent Literature 3 to the received vector R(t) by
25  considering H(t)W(t) as the channel matrix.
[0124]
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[0143] An interleaver (813B) receives the log-likelihood ratio 812B decoded by the soft-in/soft-out
decoder in the (k - 1)th iteration as an input, performs interleaving, and outputs an interleaved
log-likelihood ratio 814B. The interleaving pattern in the 15interleaver (813B) is similar to the
interleaving pattern in the interleaver (304B) in Fig. 3. [0144] The INNER MIMO detector 803
receives, as inputs, the baseband signal 816X, the transformed channel estimation signal group 817X,
the baseband signal P&&o6ey ahecightistoenetiicient genestingtion tsid9alny FdapSBrELRiVEse dsterleaved

log-likelihoqd ratio 814A, and the interleaved log:-likelihood ratio 814B. The reason for using the
baseband SR §18915h s HEATHIEH LHAHREN 95 AR LARR) 50 BAURS e 52 Eh ¥ signal

816Y, and 3 imation: signal-gr Yoin ignal
801X, the c%gnﬁ%?%@t{igrg@ﬁoﬁ%giﬁg%k%?g%%%%aé@g@t@e@gﬁsggn@ S|g%naa§]ugé$$? ggﬁi%gn nel
estimation sigyaat Be UG th ke cassshe ey fisienssdue to iterative decoding. [0145] The
difference between operations by the INNER MIMO detector 803 for iterative decoding and for initial
detectibn is[fH&%ke of the interleaved log-likelihood ratio 814A and the interleaved log-likelihood ratio
814B during signal processing. The 'UKJSIER MEMO detector 803 first seeks E(hO, b 1, b2, b3, b4, b5,
b6, b7), as 5 durindi it NeRcrIVKAGHIRGTY, el RRaY EoribepHRRL BPRQRInEL and 32
are sought -] -likeli ti the: |l ikel] tio 914B.
The value é@%}ﬁ?@%}gaﬁ& EKS?H GE%WQQEE{(%[U%SQ%@lﬁggthg%ﬂ%gﬁfg% |(|:?§%ttbé$agr?l t Eesulting

value E'(bOtHd, da2c13tibd . ihSE Heatioh BLovigaties teevgonl BrddI8Pls thusT perteaigglinood

calculating unit 805A receives the signal 804 as input, calculates the log likelihood for bits b0, b 1, b2,
and b3, andloatfaltewied clgspkirsoereetjans 8usaoNote that during calculation of the log likelihood,
the log likel for "1" and the log likelihood for "0" are calculated. The calculation 15 method is as
show On Ef@ﬁa% s 31, 32, 33, 34, and 35. Details can be found in Non-Patent Literature 2 and

Non-Patent Literatuge ﬁﬁe[ G pr%%%ﬁﬂjﬁ' 'Ymﬁgj‘dolgr '.k%g%% cRlCHRlRiRY S0eR 5%‘;@%(?3 the

signal 804 as input, calculates the hood for bits b4, 6, and b7, and outputs the 20
log-likelihoaisigmah 83681 ORenatiessaryyforeideitiiar daveding Waedstiake detaiaoh). iRitisd, dekection.
[0148] Note that while Fig. 8 shows the structure of the signal processing unit when performing
iterative deasiRyvolicb(artieaeifved oishmadilpted signtib(FoeaBpblanmic @ r& conemtaistEtion quality,

and a structure not including the inferleavers 813A and 813B, which are necessary only for iterative
Getection. 10BAAT LI MROIAFR NBIER MIIE 0T S55E0s o peltoilhthstve
detectgn. [%Aogi_ikelihBBH R RE‘E@! Eﬁ(@éﬁsﬁi‘ﬂ?WGHE%BH%[‘P‘(@“&%%%@Y‘&%H}JQ?G that as
shown in Non-Patent Literature 5'and the like, QR decomposition may be used to petform initial
detection ansbierative sigtedtiwiream) s1 and of the one codeword (or one frame) of the
modulated signal (stream) s2 is obtained from the soft-in/soft-out decoder. Detection
and decoding is performed again using the LLR. These operations are performed
multiple times (these operations being referred to as iterative decoding (iterative
20  detection)). Hereinafter, description focuses on the method of generating the
log-likelihood ratio (LLR) of a symbol at a particular time in one frame.
[0127]
In Fig. 8, a storage unit 815 receives, as inputs, a baseband signal 801X
(corresponding to the baseband signal 704_X in Fig. 7), a channel estimation signal
25 group 802X (corresponding to the channel estimation signals 706_1 and 706 _2 in
Fig. 7), a baseband signal 801Y (corresponding to the baseband signal 704_Y in Fig.
7), and a channel estimation signal group 802Y (corresponding to the channel

estimation signals 708_1 and 708_2 in Fig. 7). In order to achieve iterative decoding

40



[0150] S5Furthermore, as shown in Non-Patent Literature 11, based on H(t)W(t), linear operation of the
Minimum Mean Squared Error (MMSE) and Zero Forcing (ZF) may be performed in order to perform
initial detection. [0151] Fig. 9 is the structure of a different signal processing unit than Fig. 8 and is 10
for the modulated signal transmitted by the transmission device in Fig. 4. The difference with Fig. 8 is
the number of soft-in/soft-out decoders. A soft-in/soft-out decoder 901 receives, as inputs, the
log-likelihodéteeaitvsigatastBI)Athac®Iag, poitcdits cricotaies, HdW (tpinskadatodetlidgdikelinood

ratio 902. A distribution unjt 903 receives the decoded log-likelihood ratio 902 as an input and
retbutos 1 ESHls FRINHEEA ARG B0 SRR THZ SHEIS el QiPbiy, BRAIaZHe Uthes. 12

and 12B shgyvB racteristi [SS} in codi ights of the
present emgcx)%irﬂ??ta lﬁc@% S%‘Eﬁg?gﬁﬁ?ﬂgf@f%‘i@%%ﬁhﬁf %Bg.ag%&l{gAgs %%:%%%E%
characteristiegmsfohaedl eaahiRosisiiasitiRh BrghabyivuASFDwithoasdbarati sk dgitaten (e dNon-Patent
Literature 1 and Non-Patent Literature 2), and Fig. 12B shows the BER characteristics of Max-log-APP
with itebativiansfectnng Gleanedestmaion sigaad graupdd N6n-Patent Literature 2) (number of
iterations: fiﬁﬁzﬁéomparing Figs. 12A, 12B, 29A, and 29B shows how if the transmission method of the
present em ent is used, the BER 25 characteristics when the Rician factor is large greatly
improve over the B r ISt ' [ ' g , thareby
confirming the usef%l@%g@)ﬁﬁbﬁéﬂgﬁgﬁﬁg%?ﬁ%%Lrﬁ%%gﬁfjrﬁp f(%llllﬂSI\cﬁ(]%j éeé%ﬁ@s eascrl ed above,

when a trarigrassioddteding) (ansmis deploriaity, of modulated signals from a plurality of antennas in a
MIMO system, the advantageous effect of improved transmission quality, as compared to conventional

spatial multlfE3%hg MIMO system, is achieved in an LOS environment in which direct 5 waves
dominaote by hoppin b'e'tf\ig(jfn recoding weights regularly over time, as in the present embodiment.
[0154?' In the pre BHta M6 dAt, and in particular with regards to the structure of the reception

device, operafions hawe RATERIFGIRS Uigkadmites! puumber dlsihamerigshik b RippeRt invention

may be embodied in the same way even if the number of antennas’increases. In other s, the

number of BUERNERIOHAMES SR 0 \dighaafD NP BafRCttHechapsatio BRyALISYBVIiageowe effects of
the present embodiment. Furthermore, in the present embodiment, the example of LDPC coding has
particularly eesmelxsistinediasutsigadlraionpingeAvonHeigot theiter evlaBeTT nEibedintprrtitthermore,

with regards to trb%‘(?zl coding method, the soft-in/soft-out decoders, are nat i itegﬁtot e example of
S proc A ROl EUB B AL SRR o 00 ek S e Beom
algori%n, 368X M algorithm, a Max-log-MAP algorithm, and the like. Details are provided in
Non-Patent Literature 6. 20[0155] Additionally, in the present embodiment, the example of a single

carrier metr[ogjmgs been described, but the present invention is not limited in this way and may be
similarly embodied for multi-carrier transmission. Accordingly, when using a method such as spread

spectrum communidagoh\ RERIYdWHD Fleigaian SOB iisioralms faripiEXWVG dromMheSihgnaat arrier

F Division Multiple A .. .
requency eslﬁlns"'llé)t?on ggg‘ﬁa‘f gr%%%5§02x and the channel estimation signal group 802Y to seek

candidate signal points corresponding to the baseband signal 801X. Fig. 11 shows
20  such calculation. In Fig. 11, each black dot (e) is a candidate signal point in the 1Q
plane. Since the modulation method is 16QAM, there are 256 candidate signal
points. (Since Fig. 11 is only for illustration, not all 256 candidate signal points are
shown.) Here, letting the four bits transferred by modulated signal s1 be b0, b1, b2,
and b3, and the four bits transferred by modulated signal s2 be b4, b5, b6, and b7,
25  candidate signal points corresponding to (b0, b1, b2, b3, b4, b5, b6, b7) in Fig. 11
exist. The squared Euclidian distance is sought between a received signal point 1101
(corresponding to the baseband signal 801X) and each candidate signal point. Each

squared Euclidian distance is divided by the noise variance o% Accordingly, Ex(b0,
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(SC-FDMA), Single Carrier Orthogonal Frequency-Division Multiplexing (SC-OFDM), or wavelet
OFDM as described in Non-Patent Literature 7 and the like, for example, the present invention may be
similarly embodied. Furthermore, in the present embodiment, symbols other than data symbols, such
as pilot symbols (preamble, unique word, and the like), symbols for transmission of control information,

and the like, may be arranged in the frame in any way. [0156] 5The following describes an example of
using OFDNla®amexarie, ¢fta ilit-eaitevahanddh¢oserred Eupliflian distansebetvtpastare of a

t ission deyi h ing OFDM. In Fjg. 13, ts that te | imil to Fig. 3
pear the saFABIBRR LT bBI. FOTEEPONATi S ElotbiplbeasboPvsoin Rberith as mput,
h igh ' , : | I d I ignal
the weighteh signal 399 SSIRITARIASE 5P YE AT, R0 SHIPHS RdanRspian signa

1302A. Similarly, an ated process receives, as input, the 15 weighted signal 309B,

performs priggessing Jigladerain @eDivboanstausisl @ Jlanrmizsiencagned haMaEsiipdRd]  Fig. 14
shows an example of a structure from the OFDM related processors 1301A and 1301B in Fig. 13

onwards. TE&Lgakt from 1401A to 1410A is related to 20 the part from 1301A to 312A in Fig. 13, and
the part from 1401B to 1410B is related to the part from 1301B to 312B jn Fig. 13. [0160 A
serialiparallel conveHBH AN KNS SEl AR o R B e WA o SRR D81
(correspongj I ign in i ) ut eksignal . [0161]
A reorderin(gqg?igto %ﬁgﬁﬁﬁ’ggﬂife@% %ﬂ%@%nﬁ%rﬁ%ﬁ%ﬁ?ggﬁbgﬁﬂﬁiogrﬁgﬁﬁﬁﬁﬁutputs a
reordered si@neispdAGihgReoferipaskharsceipadlirsdetail desesol@h2lihé rniuaesse Faglidiutrier

transformer 1406A receives the reordered signal
distance for the received signal point (corresponding to the baseband signal 801Y) is
10  sought, and the squared Euclidian distance is divided by the noise variance 7.
Accordingly, Ey(b0, bl, b2, b3, b4, b5, b6, b7), i.e. the value of the squared
Euclidian distance between a candidate signal point corresponding to (b0, b1, b2, b3,

b4, b5, b6, b7) and a received signal point, divided by the noise variance, is sought.

[0132]
15 Then Ex(bO, b1, b2, b3, b4, b5, b6, b7) + Ey(b0, b1, b2, b3, b4, b5, b6, b7)
= E(bO, b1, b2, b3, b4, b5, b6, b7) is sought.
[0133]
The INNER MIMO detector 803 outputs E(bO, b1, b2, b3, b4, b5, b6, b7) as
a signal 804.
20 [0134]

A log-likelihood calculating unit 805A receives the signal 804 as input,
calculates the log likelihood for bits b0, b1, b2, and b3, and outputs a log-likelihood
signal 806A. Note that during calculation of the log likelihood, the log likelihood for
“1” and the log likelihood for “0” are calculated. The calculation method is as shown

25 in Equations 28, 29, and 30. Details can be found in Non-Patent Literature 2 and
Non-Patent Literature 3.

[0135]
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1405A as an input, performs a fast Fourier transform, and outputs a fast Fourier transformed signal
1407A. [0163] A wireless unit 1408A receives the fast Fourier transformed signal 1407A 10 as an
input, performs processing such as frequency conversion, amplification, and the like, and outputs a
modulated signal 1409A. The modulated signal 1409A is output as a radio wave from an antenna
1410A. [0164] A serial/parallel converter 1402B performs serial/parallel conversion on a 15
weighted signal 14@iBilechyesdogdikglibabe oabigihatiogsigniale0o8Brredips1BE aighelLiffitas parallel

signal 1403B. [0165 A reorderi nit 1404B receives rallel signal 1403B as input, performs
rooriering, WAL THoc8 AATSRSS” Rt e Besdio n ARLPIBHIEA 01 06)

An inverse fast j 406B receives the reordered signal 1405B as an input, performs
a fast FouriL@r@r@%ﬁr&HE@%L%éa fast Fourier transformed signal 1407B. 25[0167] A wireless

unit 1408B [etesies the fast Fourier transformed signal 1407B as an input, performs processing such
as frequency conversion, amplification, and the like, and outputs a modulated signal 1409B. The
moduldted signal 14098inéenlegyer 48QY Adreckives thentogrlikeléinnd Bigon SQaASIsIAhBRANSmission

N R e b AT R T

domain. Wlﬁ@s%gg‘#g]@mkwﬁ%rq?[nt@m&sw mgetr'u goasélgﬁng:ggjggM method shown in Fig. 13, it

iR
is of course p to arrange the precoded symbols in t main as in Fig. 3 for each
(sub)carrierfdnatfie case of a multi-carrier transmission method, however, it is 10 possible to arrange
symbols in the frequency domain, or in both the frequency and time domains. The following describes

these arrangementSIifoilady, a demjerleseia(ii) 1B reneivesrihexoadikalfoogesignaloB0eBraering
symbols by reqrdering upits 1401A and 1401B in Fkif%@%él’ the horizontal axis representing 15
frequeldey, 3RdRBySRIAG TR SRR, SRFESRRAIRG, TR RS HURSARI GTROMRTE Y Elrrier o
through (su (ar. % i 5 : bandwidth at the
same time. @gﬁé{ qAFJ %ﬁ%\t@’%@grtggiggﬁr%aggéggg%@ﬁ&%ﬁo@ﬁg%ﬁoﬁ(ﬂjIateg signal zI, and Fig. 15B

shows the rgaggYring method for symbols of the modulated signal z2. Numbers #1, #2, #3, #4, ... are
assigned to in 20 order to the symbols of the weighted signal 1401A which is input into the
serial/parallel conveitelogabialinmpthisgsincalomaidng arnisS9Dd reefivady the dntakeanedig. 15A.

B e e MR e e G O e e
25[017R1  the bits encoded by the encoder 302A in Fig. 3, and outputs a log-likelihood ratio
signal 810A.
[0139]
Similarly, a log-likelihood ratio calculating unit 809B receives the
interleaved log-likelihood signal 808B as an input, calculates the log-likelihood ratio
20 (LLR) of the bits encoded by the encoder 302B in Fig. 3, and outputs a
log-likelihood ratio signal 810B.
[0140]
A soft-in/soft-out decoder 811A receives the log-likelihood ratio signal
810A as an input, performs decoding, and outputs a decoded log-likelihood ratio
25 812A.
[0141]
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Similarly, numbers #1, #2, #3, #4, ... are assigned in order to the symbols of the weighted signal
1401B which is input into the serial/parallel converter 1402B. At this point, symbols are assigned
regularly, as shown in Fig. 15B. The symbols #1, #2, #3, #4, ... are arranged in order starting from
carrier 0. The symbols #1 through #9 are assigned to time $1, and subsequently, the symbols #10
through #19 are assigned to time $2. Note that the modulated signals zl and z2 are complex signals.
[0171] 5The symbobyrdlasly 50 seltdriseféyetboegedap 402 asiuesnirgogibikeHhaotsRiige the
symbols for one period (cycle) when usjng the precoding weight hoppi ethod shown in Fig. 6.
Symbol #0 féglﬂ@pﬁ;rgﬁo% Mﬁ’éﬁhgoﬂﬁ@fg%cﬂg?ﬂg '%igﬁ:ﬁo %ﬁB&'t&i %&%@%%@&ﬁ%‘;ﬁfqg he symbol
when usingr AR Qing weight of slot 4i + 1 in Fig. 6. Symbol #2 is the symbol when using the
precoding 10 weight of slot 4i + 2 in Fig. 6. Symbol #3 is the symbol when using the precoding weight
of slot 4i + 30mBig. 6. Accordingly, symbol #x is as follows. When x mod 4 is O, the symbol #x is the

symbol when using the precoding weight of slot 4i in Fig. 6. When x mod 4 is 1, the symbol #x is the
symbobwhen using<therptaesodiznpiiaittenti DietectiarpidNenbaneh Reradtpasi&2, the symbol #x is

th bol wh ing. 15t di ight of slot 4i + 2 in Fig. 6. Wh d4js 3, th bol
e syl whon Ui L e Lol et £ S e e i
using a m”'Eh'gaéﬂﬁ[iﬁ%jﬂﬂﬁf'%&ﬁg?o%s‘{ﬁg aﬁﬁQF?'W “H@}%“figH”%Q %ﬁ dgéﬁ y ML ARG ISsion,

symbols can be arranged in the frequency 20 domain. Furthermore, the of 'symbols is not

limited to thigiergeningyshaw v inpugsanl Mepied vEDB ofpiives| Bxvn pigfoage R sTrHbadtarlénigigrence to
Figs. 16A, 16B, 17A, and 17B. [0173] Figs. 16A and 16B show an example of a method of reordering

symbols by@étene igoideriijailiayasdb3and is4oums lar Fig. the, inéeHeavingapatiastefirenting
frequency, and the vertical axijs representing time, that differs from Figs. 15A and 15B. Fig. 16A shows
the req)Qderi'ﬁ@eﬁ[u%atH%r %@r § &%Bo the modulated signal zl, and Fig. 16B shows the reordering
method for ﬁydm%gs of the modulated signal z2. The difference in Figs. 16A and 16B as compared to
Figs. 15A and 15B is that the reordering method of the symbols of the modulated signal zl differs from

the reordering methagd pitéheaun(@ISR] feceied thattshsigeiihodd rafitys12B devotelHifAHdrough #5
are assigned to carriers 4 through 9, and symbotlhs_#G through #9 are 5 assigned to carriers 0 through
3. Subsequesityinésatitas damederoligihe 1B aré)asERjatia @gLaaripREHeeERmasWatErREMIRgpoint, as in
Figs. 15A and 15B, the symbo| group, 16 1d the symbal group 1602 shown in Figs..16A and 16B
18 tho sy ST U AT ST O IR R Bt S AT A B G Do in Fig
6. 10[0474]: ' : Eﬁ%émd f ' the
reordgﬁng drr‘ﬁ?éFﬁ%ﬁk@ﬁiﬁ@?ﬂ%@ﬁﬁ?ﬁ%@@ﬁt axis rlﬁp?@iﬁ%\g@%@é encf'/;,j)gﬁd the
vertical axisigpgesenting time, that differs from Figs. 15A and 15B. Fig. 17A shows the reordering

method for symbols of the modulated signal zl, 15 and Fig. 17B shows the reordering method for
symbols of [Aé4hbdulated signal z2. The difference in Figs. 17A and 17B as compared to Figs. 15A

d 15B is that wh | i der b ierin Fi 15A and 15B, th
bols e ot ar LR QB SR 5 RS o LRSS RAR SR 174 ancl
17B, th i | . i | i deri
thod of S LEXHEFRTAEE HARK S R BRI QRIS NG MPbaURnECRyIE 0 e 0

18B show a1 examhie phasfoethatl ohsandesniphatioholsgmathgroeprd@ring, utiits intedéaasg 1404B in
Fig. 14, the horizontal axis representing 25 frequency, and the vertical axis representing time, that

differs fromlPgybikeBhopttdaln 8¥ENFGITIBA telrave eartiseititpatetatio FEmibeiscasohe
T b P o I e o o ot g sona
817X, the baseband signal 816Y, and the transformed channel estimation signal
group 817Y instead of the baseband signal 801X, the channel estimation signal
25 group 802X, the baseband signal 801Y, and the channel estimation signal group
802Y is because a delay occurs due to iterative decoding.

[0145]
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whereas in Figs. 18A and 18B, symbols are arranged in both the frequency and time domains. [0176]
In Fig. 6, an example has been described of hopping between precoding 5 weights over four slots.
Here, however, an example of hopping over eight slots is described. The symbol groups 1801 and
1802 shown in Figs. 18A and 18B are the symbols for one period (cycle) when using the precoding
weight hopping method (and are therefore eight-symbol groups). Symbol #0 is the symbol when using
the precoding weigHihef diffesinsy baiviesn isp¢ratigmabyy Wite NN MéNfe sisteatpn 8Wefght of slot 8i

1. Symbo] #2 js th bol wh ing t di ight of slot 8i + 2. | #3is t bol
hon wsing FREBA REAGH Bt LR Qo oo B B e oA R BPEeoding

ight of slt. 8i i | ' ' ' i+ 5. Symbol
15 s the sy S P L S R e
using the preg@dIBIERIGN TGS géBctor SOSChrcingbkSEIRI K i52s0B]lowshBYhm) kTnogs8 is 0, the

symbol #x is the symbol when using the precoding weight of slot 8i. When x mod 8 is 1, the symbol #x
is the sSymbeuringinibaligdeiegiiezodidditiengHy ofcorfif@ients varessponsihacs e EquaiepmBal #x is the

bol wh ing th ' ight of slot 8 + 2. Wh d8is3,t bol #x is, 20 th
ymbol el P g eI UEiGHESr et 8P D AHORT AIBHEHEA LA I LR e symbol
- . o : . 8 s 5 i ) ool wh
Lsing the o R e S B L S Ao e Lsing
the precodipginettibtsolglet Soefficivviempompel @ésiTingesyvenBo(sx isttheswbphwhsnbesing 25 the

precoding weight of slot 8i + 7. In the symbol ordering in Figs. 18A and 18B,
b7) is output as the signal 804.
10  [0146]

The log-likelihood calculating unit 805A receives the signal 804 as input,
calculates the log likelihood for bits b0, bl, b2, and b3, and outputs the
log-likelihood signal 806A. Note that during calculation of the log likelihood, the
log likelihood for “1” and the log likelihood for “0” are calculated. The calculation

15 method is as shown in Equations 31, 32, 33, 34, and 35. Details can be found in
Non-Patent Literature 2 and Non-Patent Literature 3.
[0147]

Similarly, the log-likelihood calculating unit 805B receives the signal 804

as input, calculates the log likelihood for bits b4, b5, b6, and b7, and outputs the
20  log-likelihood signal 806B. Operations by the deinterleaver onwards are similar to

initial detection.

[0148]

Note that while Fig. 8 shows the structure of the signal processing unit

when performing iterative detection, iterative detection is not always essential for
25  obtaining excellent reception quality, and a structure not including the interleavers

813A and 813B, which are necessary only for iterative detection, is possible. In such

a case, the INNER MIMO detector 803 does not perform iterative detection.

[0149]
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four slots in the time domain and two slots in the frequency domain for a total of 4 x 2 = 8 slots are
used to arrange symbols for one period (cycle). In this case, letting the number of symbols in one
period (cycle) be m x n symbols (in other words, m x n precoding weights exist), the number of slots
(the number of carriers) in the frequency domain used to arrange symbols in one period (cycle) be n,
and the number of slots used in the time domain be m, m should be greater than n. This is because
the phase of direct WaggBalnquagtes therpresenlyemhpdimers docrdikaiionivs e Wehud@g domain.

Therefore, since the precqding weights are changed in th sent empodiment to minimize the
influence o#@%éﬁysehﬁw& 0 ,'ﬁggeméfétr%{ﬁwrf%%miﬁﬁfﬁjc%tl e MRPSH DY iﬁ‘?he period

(cycle) for 95%@9%&1%%ﬁﬁﬂ?&i‘&éﬁéﬁﬁ!?ﬁsan%cﬁ(&@m'\ﬂe &mgld be greater than n. Furthermore,
considering the above points, rather than reordering symbols only in the frequency 10 domain or only
in the time @iorgain, direct waves are more likely to become stable when symbols are reordered in both
the frequency and the time domains as in Figs. 18A and 18B, thereby making it easier to achieve the
advantageous effedtsidhenagitsantsitowntioh. NUhdiatgnhbdtsratarerdérdepredhertréidNEY.domain,

h , fluctuations in.the f domaj brupt, leading to th ibility of yielding 15
civersiy gal eFhSRAHORCBH B BUAH W GoUAES b S MWISE Al R D HeBBssariy

always the %@r@g}t{j}gﬁﬁé%}med 6% @'?grﬂr?ﬁim%’eﬁﬁé‘?ﬁ@mple of a method of reordering

symbols by g units 1404A and 1404B in Fig. 14, rizontal axis representing 20
frequency, gorbtije vertical axis representing time, that differs from Figs. 18A and 18B. Fig. 19A shows
the reordering method for symbols of the modulated signal zl, and Fig. 19B shows the reordering
method for symbold-td.tAdsibel stauetiegpfa grffarent Figal BocassinuamiFigan £9g 8and 98 show

arrangement of symbols using both the frequency and the time axes. The.difference as cogmpared to
Fige, TAn ol 250 B AR AEHd ) HULRIaRS e RTGe A MGy omhat B hen in
the time doﬁ]ﬂ&@ﬁ@%itﬁ% .W%ﬁﬁe PTRRIS A e AR -6'ﬂﬁd5‘cl5lﬁi)§ﬁﬂf§8?ﬂﬁf{?sﬁ?ﬁoyh€” in the
frequency domain in Figs. 19A and 19B. In Figs. 19A and 19B, the symbol group 1901 and the symbol

group 1902 dee spmbeteifarsone pasiad, (BxclRgakienibstty thitopsepeding toopring 8EIRd. [0178]
Note that in Figs. 18A, 18B, 19A, and 19B, as in Figs. 16A and 16B, the 5 present invention may be
similarly enflsstiens degedingdanatagtsis afftiecodenilpgrikephondtativyAehiéveistivitittee symbol

arranging meth f the modulated signal z| differing from the symbol arrangipg. method of the
odutated SRS BENROTHE NGO g e Y 180 A Jo8) MW AGLOPHIDLRS T¥. the
preseqg invention Mayhe Siailsey gﬂ%ﬁ) 66k gﬂfgﬁ%ﬁ q@ild;‘s gffect of high reception 10 quality
achieved, without arranging%e symbo squrﬁor?er. 0179 t'li% 27 shows an example of a method of
reordering §gnEx}ls by the reordering units 1404A and 1404B in Fig. 14, the horizontal axis
representing frequency, and the vertical axis representing time, that differs from the above 15

examples. The cas&@shdgpingBetrBephorcBaRgohriaterdsfifarfplodet ansrisstonadatheguations
37-40, is considerﬁd. The gharacter'bsticf ture of Fig. 27 iaithat sgm ols.are arranged in order in the

frequency d6RGIANG B SRS B BG! 805 iFeH SHRE" GOMAMN MShHBREL ABYRN CaRFRE d Dby n
symbols (Indpg @R WoBIFRy 125 &HoWstﬂ?efBErRSMHéPé’&e?ﬂﬂwm% BOPgERHA 10 In the

frequency 20 domain in Fig. 27, precoding hops between the precoding matricés of Equations 37-40.
[0180p0  Prdbibilase (APRpolitBisplienated ukirgtioa Nreeoding-mabik initguritioni3 angymbol #1 is

precoded using the precoding matrix in Equation 38, symbol #2 is 25 precoded using the precoding
matrix in EQUefidiateat ahdeiatbel £3 isipeecbited Ldhgit@ysretidinehRateiaiacteistiesn 99. [0181)
Max-log-APP with iterative detection (see Non-Patent Literature 1 and Non-Patent
Literature 2) (number of iterations: five). Comparing Figs. 12A, 12B, 29A, and 29B
shows how if the transmission method of the present embodiment is used, the BER
25 characteristics when the Rician factor is large greatly improve over the BER
characteristics when using spatial multiplexing MIMO system, thereby confirming

the usefulness of the method in the present embodiment.

[0153]
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Similarly, for the symbol group 2720 in the frequency domain, symbol #4 is precoded using the
precoding matrix in Equation 37, symbol #5 is precoded using the precoding matrix in Equation 38,
symbol #6 is precoded using the precoding matrix in Equation 39, and symbol #7 is precoded using
the precoding matrix in 5 Equation 40. [0182] For the symbols at time $1, precoding hops between
the above precoding matrices, but in the time domain, symbols are cyclically shifted. Therefore,
precoding hops betfedlegtdbedingaviatrivbetct thanspisstsinydryiec2manspie2n proxlity ahd 2704 as

follows. [0183 In the symbol group 2701 in the time_.domajn, symbol #0 is precoded using the
orecoding AR GBS BOTSH RSS2 HEES sty ML USSR PBE R Rion 35,
symbol #18 d Fd%;}p%!t ' ik jn 03 27 is-psecoded
using the pre(laﬁ:é(%ier%g m?zrg[ IX in gﬁg%%?ﬁ%%gﬁbl %IW %r? tﬁg@%ﬁégl ?;orgggq %%amezg:%@domain,
symbol #28ngiRIgleNdes NEIMONS stEecodnec ey ih EMURTS Srvisynhent# iniswienodipecusing the

precoding matrix in Equation 38, symbol #10 is precoded using the precoding matrix in 20 Equation
39, and syrwsies 190BIpaie de lapig thetpieato dregosiagi el ghis towl ady (04@stime, & ihe symbol

group 2703 jn the time dgmaijn, symbol #20 is precoded using the precoding matrix in Equation 37,
symbol #29% Bf@é%te‘?fﬁgﬁ precoding matrix in Equation 38, symbol #2 is precoded using the
precoding B%1in 25 Equation 39, and symbol #11 is precoded using the precoding matrix in
Equation 40. 01%6] In the symbol group 2704 in the time domain, symbol #12 is precoded using

the precoding matripithe @uedion SMbedinialt#2Ad sropaeacadrusing e eo thed oo fin
Equation 38, symbol #30 is precoded using the precoding matrix in Equation 39, and symbol #3 is
precoded ulifgreepiesodrwichanpeintoiaakiave4be¢o18gscrinedhtanadelistitedt Fignkeariofhat, for

example focusing on sympol #11, 5 the symbols on either side in the frequency domain_at the same
e (LA Ao 33 BFESEER SRR e MRS Gh IS WY (AR ol 411, anc
the symbolnomsithe stlfeihite itredamnain e samCcafien(RYBR L “nanfde2 afk. both
precoded with a different precoding matrix than symbol #11. This Is true not only for symbol #11. Any

symbol haviggepyinwdis/ive eides nhsidericthbelépbiegisney domaingiidhefione sfanaprdsent
characterized in the same way as symbol #11. As a result, precoding matrices are effectively hopped
between, agthbrligend. infl(lBAEBWA, dtabe prsdnichsidiinest Was exas e ofddD e gustisility of

improved reception. quality of data increases. [0188] 15In Fig. 27, the.case of n =1 ha n
describect BER PRI AH D65, O TR LTI, 5o Ch Mg L% bR with 1 = 3.
Furthegmore,. in f=ig. y S i equ i | 41 rogresses in
the tir%gndorer?a&lnnr{,éthﬂg%ﬂﬁgﬁ%eﬂaﬁis@ﬁs@fﬁﬁg @%@Hﬁgalmﬁl?%%ﬁm er8 TJE; (t%\% arranged
symbol, butdéw» édrevereharactéirisiiedmay aleo braagilievet! 20nwpraddermbecotiegulaiytissranging the

symbols. [0189]
soft-in/soft-out decoding method may be used, such as a BCJR algorithm, a SOVA
algorithm, a Max-log-MAP algorithm, and the like. Details are provided in
Non-Patent Literature 6.
20 [0155]

Additionally, in the present embodiment, the example of a single carrier
method has been described, but the present invention is not limited in this way and
may be similarly embodied for multi-carrier transmission. Accordingly, when using
a method such as spread spectrum communication, Orthogonal Frequency-Division

25 Multiplexing (OFDM), Single Carrier Frequency Division Multiple Access
(SC-FDMA), Single Carrier Orthogonal Frequency-Division Multiplexing
(SC-OFDM), or wavelet OFDM as described in Non-Patent Literature 7 and the like,

for example, the present invention may be similarly embodied. Furthermore, in the
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(Embodiment 2) In Embodiment 1, regular hopping of the precoding weights as shown in Fig. 6
has been described. In the present embodiment, a method for designing specific 25 precoding weights
that differ from the precoding weights in Fig. 6 is described. [0190] In Fig. 6, the method for
hopping between the precoding weights in Equations 37-40 has been described. By generalizing this
method, the precoding 57 weights may be changed as follows. (The hopping period (cycle) for the
precoding vixséghns Ieabiadiniots, symabBtiuatioers hanlisteia ssynaalstosecfuaatonmilar-aommeds symbol

e e R oo A U o VAR e
information, and the like, may be arranged in the frame in any way.
[0156]
5 The following describes an example of using OFDM as an example of a
multi-carrier method.
[0157]

Fig. 13 shows the structure of a transmission device when using OFDM. In

Fig. 13, elements that operate in a similar way to Fig. 3 bear the same reference
10  signs.
[0158]

An OFDM related processor 1301A receives, as input, the weighted signal
309A, performs processing related to OFDM, and outputs a transmission signal
1302A. Similarly, an OFDM related processor 1301B receives, as input, the

15 weighted signal 309B, performs processing related to OFDM, and outputs a
transmission signal 1302B.
[0159]

Fig. 14 shows an example of a structure from the OFDM related processors

1301A and 1301B in Fig. 13 onwards. The part from 1401A to 1410A is related to
20  the part from 1301A to 312A in Fig. 13, and the part from 1401B to 1410B is related

to the part from 1301B to 312B in Fig. 13.

[0160]

A serial/parallel converter 1402A performs serial/parallel conversion on a
weighted signal 1401A (corresponding to the weighted signal 309A in Fig. 13) and

25  outputs a parallel signal 1403A.
[0161]
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.N5

[0192] 10 Here, jis an imaginary unit For symbol number 4i + 1: [0193]

10

15

20

25

A reordering unit 1404A receives a parallel signal 1403A as input, performs
reordering, and outputs a reordered signal 1405A. Reordering is described in detail
later.

[0162]

An inverse fast Fourier transformer 1406A receives the reordered signal
1405A as an input, performs a fast Fourier transform, and outputs a fast Fourier
transformed signal 1407A.

[0163]

A wireless unit 1408A receives the fast Fourier transformed signal 1407A
as an input, performs processing such as frequency conversion, amplification, and
the like, and outputs a modulated signal 1409A. The modulated signal 1409A is
output as a radio wave from an antenna 1410A.

[0164]

A serial/parallel converter 1402B performs serial/parallel conversion on a
weighted signal 1401B (corresponding to the weighted signal 309B in Fig. 13) and
outputs a parallel signal 1403B.

[0165]

A reordering unit 1404B receives a parallel signal 1403B as input, performs
reordering, and outputs a reordered signal 1405B. Reordering is described in detail
later.

[0166]

An inverse fast Fourier transformer 1406B receives the reordered signal
1405B as an input, performs a fast Fourier transform, and outputs a fast Fourier
transformed signal 1407B.

[0167]
A wireless unit 1408B receives the fast Fourier transformed signal 1407B as

an input, performs processing such as frequency conversion, amplification, and the
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Math 43 Equation 43 15 (Z1(4i+ 1)\ +1)) 1 eJoizti+i) e11921(4i+1) ei(0114i+0+2) (4i2+8) ei(021-0
(s1(4i+i) s2(4i+1))

like, and outputs a modulated signal 1409B. The modulated signal 1409B is output
as a radio wave from an antenna 1410B.
[0168]
In the transmission device of Fig. 3, since the transmission method does not
5 use multi-carrier, precoding hops to form a four-slot period (cycle), as shown in Fig.
6, and the precoded symbols are arranged in the time domain. When using a
multi-carrier transmission method as in the OFDM method shown in Fig. 13, it is of
course possible to arrange the precoded symbols in the time domain as in Fig. 3 for
each (sub)carrier. In the case of a multi-carrier transmission method, however, it is
10  possible to arrange symbols in the frequency domain, or in both the frequency and
time domains. The following describes these arrangements.
[0169]
Figs. 15A and 15B show an example of a method of reordering symbols by
reordering units 1401A and 1401B in Fig. 14, the horizontal axis representing
15 frequency, and the vertical axis representing time. The frequency domain runs from
(sub)carrier 0 through (sub)carrier 9. The modulated signals z1 and z2 use the same
frequency bandwidth at the same time. Fig. 15A shows the reordering method for
symbols of the modulated signal z1, and Fig. 15B shows the reordering method for
symbols of the modulated signal z2. Numbers #1, #2, #3, #4, ... are assigned to in
20 order to the symbols of the weighted signal 1401A which is input into the
serial/parallel converter 1402A. At this point, symbols are assigned regularly, as
shown in Fig. 15A. The symbols #1, #2, #3, #4, ... are arranged in order starting
from carrier 0. The symbols #1 through #9 are assigned to time $1, and subsequently,
the symbols #10 through #19 are assigned to time $2.
25 [0170]
Similarly, numbers #1, #2, #3, #4, ... are assigned in order to the symbols of
the weighted signal 1401B which is input into the serial/parallel converter 1402B.
At this point, symbols are assigned regularly, as shown in Fig. 15B. The symbols #1,
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[0194] For symbol number 4i + 2:  [0195] 20 Math 44 Equation 44 (+1 + 2), V2 €,i(1911(41+2)+2)' (
s1(4i+2)' em5,21(4i+2)+2+8) s2(4i+2)) i(olpi+3)+0si(4i+3)" em21(4i+3)+A+8) s2(4i+3)) [0198] 10
From Equations 36 and 41, the received represented as follows. For symbol number 4i: [0199] Math
46 15 Equation 46 vector R(t) = (r1 (t), r2(t)fr can be r1(4-0

#2, #3, #4, ... are arranged in order starting from carrier 0. The symbols #1 through
#9 are assigned to time $1, and subsequently, the symbols #10 through #19 are
assigned to time $2. Note that the modulated signals z1 and z2 are complex signals.
[0171]

5 The symbol group 1501 and the symbol group 1502 shown in Figs. 15A and
15B are the symbols for one period (cycle) when using the precoding weight
hopping method shown in Fig. 6. Symbol #0 is the symbol when using the precoding
weight of slot 4i in Fig. 6. Symbol #1 is the symbol when using the precoding
weight of slot 4i + 1 in Fig. 6. Symbol #2 is the symbol when using the precoding

10  weight of slot 4i + 2 in Fig. 6. Symbol #3 is the symbol when using the precoding
weight of slot 4i + 3 in Fig. 6. Accordingly, symbol #x is as follows. When x mod 4
is 0, the symbol #x is the symbol when using the precoding weight of slot 4i in Fig.
6. When x mod 4 is 1, the symbol #x is the symbol when using the precoding weight
of slot 4i + 1 in Fig. 6. When x mod 4 is 2, the symbol #x is the symbol when using

15  the precoding weight of slot 4i + 2 in Fig. 6. When x mod 4 is 3, the symbol #x is
the symbol when using the precoding weight of slot 4i + 3 in Fig. 6.

[0172]
In this way, when using a multi-carrier transmission method such as OFDM,
unlike during single carrier transmission, symbols can be arranged in the frequency

20  domain. Furthermore, the ordering of symbols is not limited to the ordering shown
in Figs. 15A and 15B. Other examples are described with reference to Figs. 16A,
16B, 17A, and 17B.

[0173]
Figs. 16A and 16B show an example of a method of reordering symbols by

25  the reordering units 1404A and 1404B in Fig. 14, the horizontal axis representing
frequency, and the vertical axis representing time, that differs from Figs. 15A and
15B. Fig. 16A shows the reordering method for symbols of the modulated signal z1,

and Fig. 16B shows the reordering method for symbols of the modulated signal z2.
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1 k1(4i)hi2(4i)i elen(4i)elC911(4i)+2) s1(40 r2(40) V2 112,1 (40h22 (40) e,./t921(Lii)/82100+24 s2(4i)2
[0200] For symbol number 4i + 1: 20[0201] Math 47 Equation 47 r1(4i +1 [lin(4i+ 1) ht2 (4i + +j h21(4i
+ 1) h22 (4i + J8not+0A,9110,+0+2).\ er 1,9210,+0A8210,+0+2+8 sl(41 + s2(4i +1),

The difference in Figs. 16A and 16B as compared to Figs. 15A and 15B is that the
reordering method of the symbols of the modulated signal z1 differs from the
reordering method of the symbols of the modulated signal z2. In Fig. 16B, symbols
#0 through #5 are assigned to carriers 4 through 9, and symbols #6 through #9 are

5 assigned to carriers 0 through 3. Subsequently, symbols #10 through #19 are
assigned regularly in the same way. At this point, as in Figs. 15A and 15B, the
symbol group 1601 and the symbol group 1602 shown in Figs. 16A and 16B are the
symbols for one period (cycle) when using the precoding weight hopping method
shown in Fig. 6.

10 [0174]

Figs. 17A and 17B show an example of a method of reordering symbols by
the reordering units 1404A and 1404B in Fig. 14, the horizontal axis representing
frequency, and the vertical axis representing time, that differs from Figs. 15A and
15B. Fig. 17A shows the reordering method for symbols of the modulated signal z1,

15 and Fig. 17B shows the reordering method for symbols of the modulated signal z2.
The difference in Figs. 17A and 17B as compared to Figs. 15A and 15B is that
whereas the symbols are arranged in order by carrier in Figs. 15A and 15B, the
symbols are not arranged in order by carrier in Figs. 17A and 17B. It is obvious that,
in Figs. 17A and 17B, the reordering method of the symbols of the modulated signal

20  z1 may differ from the reordering method of the symbols of the modulated signal z2,
as in Figs. 16A and 16B.

[0175]

Figs. 18A and 18B show an example of a method of reordering symbols by
the reordering units 1404A and 1404B in Fig. 14, the horizontal axis representing

25  frequency, and the vertical axis representing time, that differs from Figs. 15A
through 17B. Fig. 18A shows the reordering method for symbols of the modulated
signal z1, and Fig. 18B shows the reordering method for symbols of the modulated

signal z2. In Figs. 15A through 17B, symbols are arranged in the frequency domain,
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[0202] For symbol number 4i + 2: 5[0203] Math 48

10

15

20

25

whereas in Figs. 18A and 18B, symbols are arranged in both the frequency and time
domains.
[0176]

In Fig. 6, an example has been described of hopping between precoding
weights over four slots. Here, however, an example of hopping over eight slots is
described. The symbol groups 1801 and 1802 shown in Figs. 18A and 18B are the
symbols for one period (cycle) when using the precoding weight hopping method
(and are therefore eight-symbol groups). Symbol #0 is the symbol when using the
precoding weight of slot 8i. Symbol #1 is the symbol when using the precoding
weight of slot 8i + 1. Symbol #2 is the symbol when using the precoding weight of
slot 8i + 2. Symbol #3 is the symbol when using the precoding weight of slot 8i + 3.
Symbol #4 is the symbol when using the precoding weight of slot 8i + 4. Symbol #5
is the symbol when using the precoding weight of slot 8i + 5. Symbol #6 is the
symbol when using the precoding weight of slot 8i + 6. Symbol #7 is the symbol
when using the precoding weight of slot 8i + 7. Accordingly, symbol #x is as
follows. When x mod 8 is 0, the symbol #x is the symbol when using the precoding
weight of slot 8i. When x mod 8 is 1, the symbol #x is the symbol when using the
precoding weight of slot 8i + 1. When x mod 8 is 2, the symbol #x is the symbol
when using the precoding weight of slot 8i + 2. When x mod 8 is 3, the symbol #x is
the symbol when using the precoding weight of slot 8i + 3. When x mod 8 is 4, the
symbol #x is the symbol when using the precoding weight of slot 8i + 4. When x
mod 8 is 5, the symbol #x is the symbol when using the precoding weight of slot 8i
+ 5. When x mod 8 is 6, the symbol #x is the symbol when using the precoding
weight of slot 8i + 6. When x mod 8 is 7, the symbol #x is the symbol when using
the precoding weight of slot 8i + 7. In the symbol ordering in Figs. 18A and 18B,
four slots in the time domain and two slots in the frequency domain for a total of 4 x
2 = 8 slots are used to arrange symbols for one period (cycle). In this case, letting

the number of symbols in one period (cycle) be m x n symbols (in other words, m x
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Equation 48  (H(4/ + 2)\ 1 (hii(41 + 2) k2(4 + 2)\ ei0"(4,-,2) ei(011(4-2)+A) s1(4i+2)" \r2(zii +,12 \h2
(4i +2) h22 (4i+2) 4921(41+2) ,e e1(021(4-2)+A+8) 02(4i +2),

n precoding weights exist), the number of slots (the number of carriers) in the

frequency domain used to arrange symbols in one period (cycle) be n, and the

number of slots used in the time domain be m, m should be greater than n. This is

because the phase of direct waves fluctuates more slowly in the time domain than in

5 the frequency domain. Therefore, since the precoding weights are changed in the

present embodiment to minimize the influence of steady direct waves, it is

preferable to reduce the fluctuation in direct waves in the period (cycle) for changing

the precoding weights. Accordingly, m should be greater than n. Furthermore,

considering the above points, rather than reordering symbols only in the frequency

10  domain or only in the time domain, direct waves are more likely to become stable

when symbols are reordered in both the frequency and the time domains as in Figs.

18A and 18B, thereby making it easier to achieve the advantageous effects of the

present invention. When symbols are ordered in the frequency domain, however,

fluctuations in the frequency domain are abrupt, leading to the possibility of yielding

15  diversity gain. Therefore, reordering in both the frequency and the time domains is
not necessarily always the best method.

[0177]

Figs. 19A and 19B show an example of a method of reordering symbols by

the reordering units 1404A and 1404B in Fig. 14, the horizontal axis representing

20  frequency, and the vertical axis representing time, that differs from Figs. 18A and

18B. Fig. 19A shows the reordering method for symbols of the modulated signal z1,

and Fig. 19B shows the reordering method for symbols of the modulated signal z2.

As in Figs. 18A and 18B, Figs. 19A and 19B show arrangement of symbols using

both the frequency and the time axes. The difference as compared to Figs. 18A and

25 18B is that, whereas symbols are arranged first in the frequency domain and then in

the time domain in Figs. 18A and 18B, symbols are arranged first in the time

domain and then in the frequency domain in Figs. 19A and 19B. In Figs. 19A and
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10[0204] e49"0-3)+4 s1(4i+ 3) \ h12(4i + 3) \ /e/(9,,(4-3) h22(41+eio2I(i+3) €102,0-3)+2+8) s2(4i +3)
[0206] In this case, it is assumed that only components of direct waves exist in the channel
elements hi JO, h12(0, h21(0, and h22(0, that the amplitude components of 20 the direct waves are all
equal, and that fluctuations do not occur over time. With these assumptions, Equations 46-49 can be
represented as follows. For symbol number 4i: [0207] Math 50 Equation 50 (JOjai(4i) 1 Ae q e e 1921
(4) ei(811(4AB+Anecsi@nbohiproHs)199MUand thexyspbol group 1902 are the symbols for one

period (cycle) when using the precoding hopping method.
[0178]
Note that in Figs. 18A, 18B, 19A, and 19B, as in Figs. 16A and 16B, the
5 present invention may be similarly embodied, and the advantageous effect of high
reception quality achieved, with the symbol arranging method of the modulated
signal z1 differing from the symbol arranging method of the modulated signal z2.
Furthermore, in Figs. 18A, 18B, 19A, and 19B, as in Figs. 17A and 17B, the present
invention may be similarly embodied, and the advantageous effect of high reception
10  quality achieved, without arranging the symbols in order.
[0179]

Fig. 27 shows an example of a method of reordering symbols by the
reordering units 1404A and 1404B in Fig. 14, the horizontal axis representing
frequency, and the vertical axis representing time, that differs from the above

15 examples. The case of hopping between precoding matrix regularly over four slots,
as in Equations 37-40, is considered. The characteristic feature of Fig. 27 is that
symbols are arranged in order in the frequency domain, but when progressing in the
time domain, symbols are cyclically shifted by n symbols (in the example in Fig. 27,
n = 1). In the four symbols shown in the symbol group 2710 in the frequency

20 domain in Fig. 27, precoding hops between the precoding matrices of Equations
37-40.

[0180]

In this case, symbol #0 is precoded using the precoding matrix in Equation
37, symbol #1 is precoded using the precoding matrix in Equation 38, symbol #2 is

25  precoded using the precoding matrix in Equation 39, and symbol #3 is precoded
using the precoding matrix in Equation 40.

[0181]
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5 For symbol number 4i + 1: [0209] Math 51 Equation 51 (r1(4i+1)\ \r2(4i+1), \(n9" (4i+1)qge
j821(4i+1) 1 2,e e,./(6)"(4i+1)2) ( s1(4i +0\ eik92,(4i+1)25) ,s2(4i 10 [0210] For symbol number 4i + 2:
[0211] Math 52 15 Equation 52 [0212] For symbol number 4i + 3: 20[0213] Math 53 Equation 53

Similarly, for the symbol group 2720 in the frequency domain, symbol #4 is
precoded using the precoding matrix in Equation 37, symbol #5 is precoded using
the precoding matrix in Equation 38, symbol #6 is precoded using the precoding
matrix in Equation 39, and symbol #7 is precoded using the precoding matrix in

5 Equation 40.
[0182]

For the symbols at time $1, precoding hops between the above precoding
matrices, but in the time domain, symbols are cyclically shifted. Therefore,
precoding hops between precoding matrices for the symbol groups 2701, 2702, 2703,

10 and 2704 as follows.
[0183]

In the symbol group 2701 in the time domain, symbol #0 is precoded using
the precoding matrix in Equation 37, symbol #9 is precoded using the precoding
matrix in Equation 38, symbol #18 is precoded using the precoding matrix in

15 Equation 39, and symbol #27 is precoded using the precoding matrix in Equation 40.
[0184]

In the symbol group 2702 in the time domain, symbol #28 is precoded using
the precoding matrix in Equation 37, symbol #1 is precoded using the precoding
matrix in Equation 38, symbol #10 is precoded using the precoding matrix in

20  Equation 39, and symbol #19 is precoded using the precoding matrix in Equation 40.
[0185]

In the symbol group 2703 in the time domain, symbol #20 is precoded using
the precoding matrix in Equation 37, symbol #29 is precoded using the precoding
matrix in Equation 38, symbol #2 is precoded using the precoding matrix in

25  Equation 39, and symbol #11 is precoded using the precoding matrix in Equation 40.
[0186]
In the symbol group 2704 in the time domain, symbol #12 is precoded using

the precoding matrix in Equation 37, symbol #21 is precoded using the precoding
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+3)1 [A er2(4i+ 3)) 15 A el ql19ii(4i+3) 21(4i+3)  icIn(4i3}14)si(Lti + 3)1 ei(19 21(4i+3)+,16.)1s2(4i
+3)) [0214] In Equations 50-53, let A be a positive real number and g be a complex 5 number. The
values of A and q are determined in accordance with the positional relationship between the
transmission device and the reception device. Equations 50-53 can be represented as follows. For
symbol number 4i: [0215] 10 Math 54 Equation 54 [0216] 15 For symbol number 4i + 1: [0217] Math
55 EquatioriBgix in Equation 38, symbol #30 is precoded using the precoding matrix in

Equation 39, and symbol #3 is precoded using the precoding matrix in Equation 40.
[0187]
The characteristic of Fig. 27 is that, for example focusing on symbol #11,
5 the symbols on either side in the frequency domain at the same time (symbols #10
and #12) are both precoded with a different precoding matrix than symbol #11, and
the symbols on either side in the time domain in the same carrier (Symbols #2 and
#20) are both precoded with a different precoding matrix than symbol #11. This is
true not only for symbol #11. Any symbol having symbols on either side in the
10  frequency domain and the time domain is characterized in the same way as symbol
#11. As a result, precoding matrices are effectively hopped between, and since the
influence on stable conditions of direct waves is reduced, the possibility of improved
reception quality of data increases.
[0188]
15 In Fig. 27, the case of n = 1 has been described, but n is not limited in this
way. The present invention may be similarly embodied with n = 3. Furthermore, in
Fig. 27, when symbols are arranged in the frequency domain and time progresses in
the time domain, the above characteristic is achieved by cyclically shifting the
number of the arranged symbol, but the above characteristic may also be achieved
20 by randomly (or regularly) arranging the symbols.
[0189]
(Embodiment 2)
In Embodiment 1, regular hopping of the precoding weights as shown in Fig.
6 has been described. In the present embodiment, a method for designing specific
25  precoding weights that differ from the precoding weights in Fig. 6 is described.
[0190]
In Fig. 6, the method for hopping between the precoding weights in
Equations 37-40 has been described. By generalizing this method, the precoding
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[0218] For symbol number 4i + 2: [0219] Math 56 Equation 56 5 [0220] For symbol number 4i + 3:
[0221] Math 57 10 Equation 57 [0222] As a result, when g is represented as follows, a signal
component based on 15 one of sl and s2 is no longer included in rl and r2, and therefore one of the
signals sl and s2 can no longer be obtained. For symbol number 4i: [0223] Math 58

weights may be changed as follows. (The hopping period (cycle) for the precoding
weights has four slots, and Equations are listed similarly to Equations 37-40.)
For symbol number 4i (where i is an integer greater than or equal to zero):
[0191]
5 Math 42

Equation 42
z1(4i)
22(4i)

iQ,,(41)
1921 (4i)

ej(Hn(‘“)”) Sl(4i)

_1lle
o i@, (4i)+2+5) s2(4i)

V2( e

[0192]

10  Here, j is an imaginary unit.
For symbol number 4i + 1:
[0193]

Math 43
Equation 43

z1(4i +1)
15 | z2(4i +1)

i@, (4i+1)

1921 4|+l

' (Qll(4i+1)+/1>

(J (4i+1)240 )

i 4L A+
eJ 021

s1(4i +1)
s2(4i +1)

_1lle

V2|

[0194]
For symbol number 4i + 2:
[0195]
20 Math 44
Equation 44

i@, 4i+2)

16)21 4|+2

71(4i + 2)
22(4i +2)

_1lje

V2| @

'((911(4i+2}+/1)
e(J (4142} 2+
'021 4i+2 A+

eJ

s1(4i +2)
s2(4i+2)
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20 Equation 58 g = -A el 11(40-0 21(40) , - A e A011(40-021(40-8) [0224] For symbol number 4i + 1:
[0225] Math 59 Equation 59 5 q = -Ap 1(611 ki1)-6121(4i1)), A j(191 (4i0-6121(4i0-8) [0226] For
symbol number 4i + 2:  [0227] 10 Math 60 Equation 60 q - A ei(011(4i+2)-021(4i+2)), A
ei(011(4i+2)-021(4i+2)-6) [0228] 15 For symbol number 4i + 3: [0229] Math 61 Equation 61 g = -A
€j(6111(4i+3)-6121(4i+3)), - A €j(6111(4i+3)-6121(4i+3)-(5.) 20 [0230] In this case, if g has the same
solution in symbol numbers 4i, 4i + 1, 4i + 2, and 4i + 3, then the channel elements of the direct waves
do not gre ifﬁ% tuate. Therefore, a reception device having channel elements in which the value of g
is 25 equiv b the same solution can no longer obtain excellent reception quality for

For symbol number 4i + 3:
[0197]

5 Math 45
Equation 45

(4i+3)) 1 (@0 91(911(4”3)”) s1(4i +3)

22(4i+3)) 2| g0 ej(ezl<4i+3>+ﬂ+a) s2(4i +3)

[0198]
10 From Equations 36 and 41, the received vector R(t) = (ri(t), r2(t))" can be
represented as follows.
For symbol number 4i:
[0199]
Math 46
15 Equation 46

(r1(4i)]: 1 (h“(j:) h12(4i_)] a0 ej(al(cw) (51(40}

r2(4i))” V2 Q04 Q0:(+9) | 52(a)

[0200]

For symbol number 4i + 1:
20 [0201]

Math 47

Equation 47
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any of the symbol numbers. Therefore, it is difficult to achieve the ability to correct errors, even if error
correction codes are introduced. Accordingly, for g not to have the same solution, the following
condition is necessary from Equations 58-61 when focusing on one of two solutions of g which does
not include S. 5[0231] Math 62 Condition #1 ei(01(4i-Ho-821(4i-Ho) ei(e1(4i+Y)-8210i+Y))for VX, Vy (X
#vy;x,y=0,1,2,3) 10[0232] (xis 0, 1, 2, 3; yis 0, 1, 2, 3; and x y.) In an example fulfilling Condition #1,

values are set as foll QWS: (Example #1) (1) 011(4i) = 0114+ 1) = O i+ 011(4i +3) =
radians, 15 (2’)1—%CE -0 fia M4I+l) %4I+1)j e] “(I iL @1% tg?}(sl 4(|+1

r2(4i+1)) 2\ hy,(4i+1) h,(4i+1) g0 e(¢921(4'+1>+/1+f>) s2(4i +1)

[0202]

For symbol number 4i + 2:
5 [0203]

Math 48

Equation 48

(r1(4i . 2)j 1 [h11(4i +2) hy(4i+ 2))(919“(4”2) g/ute217) )}( 1(4i + 2)]

r2(4i+2)) J2\h,(4i+2) h,(4i+2) @ 0:4) ei(eﬂ<4i+2>+ﬁ+5 s2(4i +2)

10  [0204]
For symbol number 4i + 3:
[0205]
Math 49
Equation 49

(r1(4i + 3)j 1 (h11(4i +3) hy,(4i+ 3)}[ NCE ej(ellmna)u) J ( s1(4i + 3)j
B )
€

B r2i+3)) T V2 h,(4i+3) h,(4i+3))| o104 61(0244”3%“5 s2(4i +3)
[0206]

In this case, it is assumed that only components of direct waves exist in the
channel elements hy(t), hiy(t), hyi(t), and hyy(t), that the amplitude components of
20  the direct waves are all equal, and that fluctuations do not occur over time. With

these assumptions, Equations 4649 can be represented as follows.
For symbol number 4i:

[0207]

Math 50
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(3) 021(4i + 1) = it/2 radians, (4) 021(4i + 2) = TE radians, and (5) 021(4i + 3) = 37i/2 radians.

Equation 50

1)) 1 (Ae® q) @ @0 Y siai)
r2(4i) _\/E Aejo q 61921(40 ei(Hzl(4i)+“5) 52(4i)
[0208]

5 For symbol number 4i + 1:

[0209]

Math 51

Equation 51

r(4i+1)) 1 (Ag"° q) %" e"(@n(‘””)”) s1(4i +1)

I’2(4i+l) "2 Aejo q ej021(4i+1) ej(021(4i+1}+/1+6) 82(4i+1)
10

[0210]

For symbol number 4i + 2:
[0211]
Math 52

15 Equation 52

ri(4i+2)) 1 (A" g NS ej(911(4i+2m) s1(di +2)
r2(4i+2) NE Aejo q ei(921(4i+2) ej(921(4i+2)+/1+5) s2(4i+2)

[0212]

For symbol number 4i + 3:
20 [0213]

Math 53

Equation 53
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(The above is an example. It suffices for one each of zero radians, it/2 radians, TE 20 radians, and
37i/2 radians to exist for the set (021(40, 021(4i + 1), 021(4i + 2), 021(4i + 3)).) In this case, in
particular under condition (1), there is no need to perform signal processing (rotation processing) on
the baseband signal Sl(t), which therefore offers the advantage of a reduction in circuit size. Another
example is to set values as follows. 25 (Example #2) (6) 011(4i) = O radians, (7) 011(4i + 1) = it/2

radians, (8) 011(4i + 2)\< TE radians, () 01N4i + 3) z;3V2 radigns..an¢ { 21(40 = Q21(4i + 1) =
021(4i + 2) biééh'r‘?f)s‘) - 0 radi p&e&%e o \@Jélgl eZam@e. flgluffl%eif riﬂ b’&c&%o zero

TR i TGP a 0ol s U g Dl . )
processing (rotation processing) on the baseband signal S2(t), which therefore offers the advantage of
a reduction in circuit size. Yet another example is as follows. (Example #3) 10 (11) (12) (13) (14)
4o [0214]
In Equations 50-53, let A be a positive real number and q be a complex
5 number. The values of A and g are determined in accordance with the positional
relationship between the transmission device and the reception device. Equations
50-53 can be represented as follows.
For symbol number 4i:
[0215]
10 Math 54

Equation 54

(rl(zu)J_ 1 (") 0 o0 &% (sl(zn)]

I‘2(4i) _ﬁ ejo ej921(4i) ej(921(4i)+/1+5) 82(4i)

[0216]
15  For symbol number 4i + 1:
[0217]
Math 55
Equation 55

(r1(4i+1))= 1 (e‘”}(Ae,-o ] IO 0, 33) [sl(4i+1)]

r2(4|+1) 2 ejO ej921(4i+1) ej(921(4i+1)+l+5) 52(4| +1)

20
[0218]

For symbol number 4i + 2:

62



011(40 =011(4i + 1) =011(4i + 2) 021(40 = O radians, 021(4i + 1) = it/4 radians, 021(4i + 2) = it/2
radians, and 021(4i + 3) = 37c/4 radians. =011(4i + 3) = 0 radians, 15(The above is an example. It
suffices for one each of zero radians, it/4 radians, it/2 radians, and 3ii/4 radians to exist for the set
(021(40, 021(4i + 1), 021(4i + 2), 021(4i + 3)).) (Example #4) (16) 011(4i) = O radians, 20(17) 011(4i +
1) =ii/4 radians, (18) 011(4i + 2) = it/2 radians, (19) 011(4i + 3) = 37c/4 radians, and (20) 021(40 =
021(4i + 1) P2RAK4i + 2) = 021(4i + 3) = O radians.  (The above is an example. It suffices for one
each of zerg ra%lans it/4 radians, it/2 25radians, and 3ii/4 radians to exist for the set (011(40, 011(4i +
1), 011(4i + 7 @(4| + 3)).) While four examples have been shown, the method of satisfying
Condition #éqj R# |ggted to these examples. [0233] Next, design requirements for not only 011
and 012, but also for X, and .5 are described. It suffices to set X, to a certain value; it is then
necessary to establish requwem nts for S. The fg Iowm scrlbe e des method for .5 when X, is

set to 5zerofrati4is. ? hi casj@ by n '+2 n sIBiraddns, excellent
reception ¢ aI%As_?cﬂ qul anQ @\(ﬁggm 4,+2M+5 82(4i+2)

[0220]
For symbol number 4i + 3:
[0221]
Math 57
10  Equation 57

r1(4i+3)j_ 1 [e’“]( & g QIO g, (431 (sl(4i+3))

(r2(4i+3) 2 ejezl<4i+s> ej(ezl<4i+3>+ﬂ+a) s2(4i +3)

[0222]
As a result, when q is represented as follows, a signal component based on

15 one of sl and s2 is no longer included in rl and r2, and therefore one of the signals

s1 and s2 can no longer be obtained.

For symbol number 4i:

[0223]

Math 58
20  Equation 58

q= —Aej(6’11(4i)—921(4i)),_ Aej(911(4i)—g21(4i)_5)

[0224]
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[0235] 10Incidentally, for each of the symbol numbers 4i, 4i + 1, 4i + 2, and 4i + 3, two points q exist
where reception quality becomes poor. Therefore, a total of 2 x 4 = 8 such points exist. In an LOS
environment, in order to prevent reception quality from degrading in a specific reception terminal,
these eight points should each have a different solution. In this case, in addition to Condition #1,
Condition #2 is 15necessary. [0236] Math 63 Condition #2 ej[911(t9 1(4i+x)) eksh 1(4
Y)-821(4i-ENQr(Syrobabaumber, 4i = 3;1,2,3) 20 and e'(811(4821(44)#(4/Y)-821(4i+Y)-8)for VX, Vy (X y;
X,y=0,1,2 3&55037] Additionally, the phase of these eight points should be evenly distributed 25
(since the f a direct wave is considered to have a high probability of even distribution). The
following dm&ﬁag@ the design method for .5 to satisfy this requirement. [0238] In the case of
example #1 and example #2, the phase becomes even at the points at which reception quality is poor
by setting .Etpiatidjle radians. For example, letting .3 be 3)1/4 radians in example #1 (and letting A
be a positive real number), then each of the four slots, points at which reception quality becomes poor
exist 5 once, as shown in il §h ofy@xample #3; exam athe e becomes
even agthe ﬂ)iﬁfsatﬁ*@ﬂr%&zé%tionsq%?sﬂis p)c?orhby r{g(]agglto + T}I;J;pé%zitans. I):l(}fixample, letting
.3 be TE radians in example #3, then in each of the four slots, points at which reception quality
becomes poor exist once, as shown in Fig. 21. (If the element g in the channel matrix H exists at the
points shown in Figs. 20 and 1021, reception quality degrades.) With the above structure, excellent
reception qedp]s achieved in an LOS environment Above, an example of changing precoding
weights in a four-slot period (cycle) is described, but below, changing precoding weights in an N-slot
period (cycleyisypbolipemgiaking2he same considerations as in Embodiment 1 and 15 in the above
description, pr % ssing represented as below is performed on each symbol number. For symbol
number Ni l\% I is an integer greater than or equal to zero): [0239] Math 64 20 Equation 62 "z1(m)

10  Math 60
Equation 60

q= _ Apil0114i+2)-0,1(4i+2)) _ poi(01(4i+2)-05y(4i+2)-5)

[0228]
15  For symbol number 4i + 3:
[0229]
Math 61
Equation 61

q = —Ael011(41+3)1-021(4i+3)) _ 7 i(011(41+3)-0,,(4i+3)-5)

20
[0230]
In this case, if g has the same solution in symbol numbers 4i, 4i + 1, 4i + 2,
and 4i + 3, then the channel elements of the direct waves do not greatly fluctuate.
Therefore, a reception device having channel elements in which the value of q is

25  equivalent to the same solution can no longer obtain excellent reception quality for
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2(Ni), 1elm ei(1911(NiAM *NO" - _136 21(m) ei(6,21(No+ [0240] Here, j is an imaginary unit. 25 For
symbol number Ni + 1: [0241] Math 65 Equation 63 zI(Ni + 1)1 z2(Ni +VI ei(0112)'i s1(Ni+0" ej(t9
21(Ni)+2+8) s2(Ni+1)) 5[0242] When generalized, this equation is as follows. For symbol number Ni +
k(k=0,1,..,N-1): [0243] Math 66 10 Equation 64 eti(eiNi+0+2)"i si(Ni+kr eiW2i(Ni+0+11.+8)k)

any of the symbol numbers. Therefore, it is difficult to achieve the ability to correct
errors, even if error correction codes are introduced. Accordingly, for q not to have
the same solution, the following condition is necessary from Equations 58-61 when
focusing on one of two solutions of g which does not include 6.

5 [0231]
Math 62
Condition #1

g0 0ult1+5) , OO oy (x 2 i %,y =0123)

10 [0232]
(xis0,1,2,3;yis0, 1, 2, 3;and X £ y.)
In an example fulfilling Condition #1, values are set as follows:
(Example #1)
(1) 012(41) = 044(4i + 1) = 0,4 (4i + 2) = 0,4(4i + 3) = 0 radians,
15  (2) 0(4i) = 0 radians,
(3) 021(41 + 1) = /2 radians,
(4) 0,1(41 + 2) = n radians, and
(5) 0,1(41 + 3) = 31/2 radians.
(The above is an example. It suffices for one each of zero radians, n/2 radians,
20  radians, and 37/2 radians to exist for the set (0,1(41), 0,1(4i + 1), 0,1(4i + 2), 0,1(4i +
3)).) In this case, in particular under condition (1), there is no need to perform signal
processing (rotation processing) on the baseband signal S1(t), which therefore offers
the advantage of a reduction in circuit size. Another example is to set values as
follows.
25 (Example #2)
(6) 611(41) = 0 radians,
(7) 611(41 + 1) = w/2 radians,
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[0244] Furthermore, for symbol number Ni + N - 1: 15[0245] Math 67 Equation 65 (zI(Ni+ N-1rle
z2(Ni+ Ne1021(Ari-EN-1) 10,(Ni+N-1)+A) ( s1(Ni + N -1r ei(021(m+N-0A8) s2(Ni+ N 20[0246]
Accordingly, r1 and r2 are represented as follows. For symbol number Ni (where i is an integer greater
than or equal to zero): [0247] Math 68 Equation 66 ( /4(M) \ r2(Ni), 1 h11(m) (Ni)

(8) 611(4i + 2) = mw radians,
(9) 611(4i + 3) = 31/2 radians, and
(10) 051(4i) = 0,1(4i + 1) = 0,1(4i + 2) = 0,1(4i + 3) = 0 radians.
(The above is an example. It suffices for one each of zero radians, /2 radians, n
5 radians, and 3n/2 radians to exist for the set (0,1(41), 011(41 + 1), 041(4i + 2), 041(4i +
3)).) In this case, in particular under condition (6), there is no need to perform signal
processing (rotation processing) on the baseband signal S2(t), which therefore offers
the advantage of a reduction in circuit size. Yet another example is as follows.
(Example #3)
10 (11) O41(41) =014(4i + 1) =0,4(4i + 2) =0,4(4i + 3) = 0 radians,
(12) 6,1(41) = 0 radians,
(13) 0,1(4i + 1) = n/4 radians,
(14) 0,1(4i + 2) = n/2 radians, and
(15) 0,1(4i + 3) = 3n/4 radians.
15 (The above is an example. It suffices for one each of zero radians, n/4 radians, n/2
radians, and 37/4 radians to exist for the set (0,1(41), 0,1(4i + 1), 0,1(4i + 2), 0,1(4i +
3)).)
(Example #4)
(16) 041(41) = 0 radians,
20 (17) 641(41 + 1) = w/4 radians,
(18) 011(41 + 2) = /2 radians,
(19) 6,1(41 + 3) = 3m/4 radians, and
(20) 0,1(41) = 0,1(41 + 1) = 0,1(41 + 2) = 0,1(4i + 3) = 0 radians.
(The above is an example. It suffices for one each of zero radians, n/4 radians, /2
25 radians, and 37/4 radians to exist for the set (011(41), 011(4i + 1), 011(4i + 2), 011(4i +
3)))
While four examples have been shown, the method of satisfying Condition

#1 is not limited to these examples.
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11,2(10 h22 (NO, eiel(Ari) '8 21() ei(eii(m)2)\  ()25) ej(821m si(Ni) s2(Ni) 5 [0248] Here, jis an
imaginary unit. For symbol number Ni + 1:  [0249] 10 Math 69 Equation 67 rI(Ni +1)\ r2(INli +1) 1 -F
1)hi2(Ni +i)(

[0233]

Next, design requirements for not only 04, and 6,,, but also for A and & are
described. It suffices to set A to a certain value; it is then necessary to establish
requirements for 6. The following describes the design method for 6 when A is set to

5 zeroradians.
[0234]

In this case, by defining 6 so that n/2 radiafigd| < = radians, excellent
reception quality is achieved, particularly in an LOS environment.
[0235]

10 Incidentally, for each of the symbol numbers 4i, 4i + 1, 4i + 2, and 4i + 3,
two points q exist where reception quality becomes poor. Therefore, a total of 2 x 4
= 8 such points exist. In an LOS environment, in order to prevent reception quality
from degrading in a specific reception terminal, these eight points should each have
a different solution. In this case, in addition to Condition #1, Condition #2 is

15  necessary.

[0236]

Math 63

Condition #2

ei(¢911(4‘+x)—921(4i+x)) # e1(911(4”3’)—4921(4”3’)‘5) for vx, vy (x,y =01,2,3)

20 and
e1(011(41+0)-01(4i+x)-5) 4 0 1(011(41+Y)-021(4i+¥)-5)  for v, vy (x#Yy;Xx,y=01223)

[0237]
Additionally, the phase of these eight points should be evenly distributed
25  (since the phase of a direct wave is considered to have a high probability of even
distribution). The following describes the design method for & to satisfy this
requirement.

[0238]
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h21(Ni +1)+1), eleil(m+1) e (19 11(m+0+ A) \ Oh22(Ni21(m+1)ek 9 2,(N-0- 0-5) si(Ni +1)" s2(Ni +1)
[0250] 15When generalized, this equation is as follows. For symbol number Ni + k (k =0, 1,N - 1):
[0251] Math 70 Equation 68

In the case of example #1 and example #2, the phase becomes even at the
points at which reception quality is poor by setting 6 to + 3n/4 radians. For example,
letting & be 3m/4 radians in example #1 (and letting A be a positive real number),
then each of the four slots, points at which reception quality becomes poor exist

5 once, as shown in Fig. 20. In the case of example #3 and example #4, the phase
becomes even at the points at which reception quality is poor by setting & to £ 7
radians. For example, letting & be m radians in example #3, then in each of the four
slots, points at which reception quality becomes poor exist once, as shown in Fig. 21.
(If the element q in the channel matrix H exists at the points shown in Figs. 20 and

10 21, reception quality degrades.)

With the above structure, excellent reception quality is achieved in an LOS
environment. Above, an example of changing precoding weights in a four-slot
period (cycle) is described, but below, changing precoding weights in an N-slot
period (cycle) is described. Making the same considerations as in Embodiment 1 and

15 in the above description, processing represented as below is performed on each
symbol number.
For symbol number Ni (where i is an integer greater than or equal to zero):
[0239]
Math 64
20  Equation 62

Zl(Nl) i 61(911('\“) ej(en(Ni)*'}“) Sl(N|)
22(Ni)) ~ 2| @0 @il0:00+9) | s2(Ni)

[0240]
Here, j is an imaginary unit.
25  For symbol number Ni + 1:

[0241]
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+ K\ 1 + k) + Ic]\ eiericm-EK) sI(Ni + k)\ 20 (1-1(Ni N5

10

15

20

Math 65
Equation 63

ZANi+1))_ 1 (g0 o/ 0+2) ¢ g1(Ni 1)
ZZ(Ni+l) J2 e]921(Ni+1) ej(921(Ni+1)+/1+5) SZ(Ni+1)

[0242]

When generalized, this equation is as follows.
For symbol number Ni + k (k =0, 1, ..., N —1):
[0243]
Math 66
Equation 64

ZANi+k))_ 1 (g0 o002 V(N + k)
22(Ni+K)) V2| @0 Qil01949) | s2(Ni + k)

[0244]
Furthermore, for symbol number Ni + N — 1:
[0245]
Math 67
Equation 65

[zl(Ni N —1)j 1 [ej‘gll gl ](sl(Ni +N —1))

22(N| +N —l) _2 1921 Ni+N-1) ej(HZl(Ni+N—1)+/1+§) 32(N| +N _1)

[0246]
Accordingly, rl1 and r2 are represented as follows.

For symbol number Ni (where i is an integer greater than or equal to zero):
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r2(Ni + h.21(Ni + k) h22(Ni + el(02.1(N"YE 2+6 7 s2(Ni + [0252] Furthermore, for symbol number Ni
+ N - 1: [0253] Math 71 Equation 69 (rI(Ni N -1Y N 1 ( h"(Ni 1121(Ni N -1) N -1) hu(Ni h"(Ni

10

15

20

[0247]
Math 68
Equation 66

(rl(Ni)j 1 (hn(Ni) hlz(Ni)] g0

) h21(NI) hZZ(NI) j921(Ni)

r2(Ni)) 2 e

[0248]

Here, j is an imaginary unit.
For symbol number Ni + 1:
[0249]

Math 69

Equation 67

(rl(Ni+1)j 1 (hn(Ni+1) hlz(Ni+1)][e

r2(Ni +1)) v2 \hy,(Ni+1) hy,(Ni+1)
[0250]

When generalized, this equation is as follows.
For symbol number Ni + k (k=0, 1, ..., N —1):
[0251]
Math 70

Equation 68

(rl(NHk)j 1 (hn(Ni+k) hlz(Ni+k)j{eJt9n(Nl+k)
e

(2(Ni+K)) Y2\ (Ni+K) oy (Ni+k) )| i)

[0252]
Furthermore, for symbol number Ni + N — 1:

[0253]

70

ej(enmiw) (Sl(Ni)J
ej(g21(N|)+/1+5)

i@, (Ni+1)
j921(Ni+1)
€

ej(@ﬂ(NHk Jea+5)

s2(Ni)

o009 Y 1N 1)
ej(921(Ni+1)+/1+(5> SZ(Ni +1)

s2(Ni+k)

g0t }( S1(Ni+ k)j



N -1) N (el llim+N ") 6,1192t(m+N-1) ei(0"ovi+N-)+x)( e1(192t(m+N-1)+A-8) si(Ni + N -1Y sz(Ni+ N
5[0254] In this case, it is assumed that only components of direct waves exist in the channel
elements hi 1(0, h12(0, h21(0, and h22(0, that the amplitude components of the direct waves are all
equal, and that fluctuations do not occur over time. With these assumptions, Equations 66-69 can be
represented as follows. 10 For symbol number Ni (where i is an integer greater than or equal to zero):
[0255] MatHMaEguation 70 (

Equation 69

[rl(Ni +N —1)] 1 (hu(Ni +N-1) h,(Ni+N —1)j{e10n(Ni+N1) ej(anmww) ][ SI(Ni + N _1)j
h
e

r2(Ni+N 1)) 2\ (Ni+N=1) hy, (Ni+ N =1) | @Ia0) - o 0u00249) | s2(Ni + N -1)

5 [0254]

In this case, it is assumed that only components of direct waves exist in the
channel elements hy(t), hio(t), hyi(t), and hy(t), that the amplitude components of
the direct waves are all equal, and that fluctuations do not occur over time. With
these assumptions, Equations 66—69 can be represented as follows.

10  For symbol number Ni (where i is an integer greater than or equal to zero):
[0255]
Math 72

Equation 70

[rl(Ni)]_ 1 (Ag" q)e gt (sl(Ni)J

I‘Z(Ni) - ﬁ Aejo g ej921(Ni) ej(QZI(Ni)+/1+§) SZ(Ni)

15

[0256]

Here, j is an imaginary unit.

For symbol number Ni + 1:

[0257]
20 Math 73

Equation 71

(rl(NiJrl)j_ 1 (Ag"® q) @ gilfua) (51(Ni+1)J

r2(Ni+1)) V2| Ag"® q) /0" ej(921<Ni+1>+z+fs) s2(Ni +1)
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Ae JO( jai(Ni) g e .5 A g njt921(Ni) ei(eii(No-FAN\ ( ei(6+21(m)+A-F(5) ,s2(Ni)1 15 [0256] Here, jis
an imaginary unit. For symbol number Ni + 1.  [0257] 20 Math 73 Equation 71 [0258] When
generalized, this equation is as follows. For symbol number Ni + k (k = 0,1, ..., N - 1): [0259] 5 Math 74
Equation 72 JoJo (Ni+k) r10\i +1 Ae g e " nio,i(Ni+k) +VI(A e g sI(Ni +

[0258]
When generalized, this equation is as follows.
For symbol number Ni + k (k=0, 1, ..., N—1):
[0259]
5 Math74

Equation 72

(rl(Ni+k)j_ 1 (A gY@t lfute (sl(Ni+k)j

r2(Ni+k) _ﬁ Aejo q 61921(Ni+k) ej(HZI(Ni+k)+/1+§) SZ(Ni+k)

[0260]
10 Furthermore, for symbol number Ni + N — 1:
[0261]
Math 75
Equation 73

( F1(Ni+ N —1)j_ 1 (Ae“’ q}[eje“(w” g/Ouvnh J[SI(NH N —1)j

r2(Ni+N-1)) 2| Ag” g g0 ei<9u(Ni+N*W+b‘) s2(Ni+N -1)
15
[0262]

In Equations 70-73, let A be a real number and q be a complex number. The
values of A and g are determined in accordance with the positional relationship
between the transmission device and the reception device. Equations 70-73 can be

20  represented as follows.
For symbol number Ni (where i is an integer greater than or equal to zero):
[0263]
Math 76

Equation 74
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s2(Ni + [0260] 10Furthermore, for symbol number Ni + N - 1: [0261] Math 75 Equation 73 [r11Ni + N
-11it\1 [ ej Lr2Ni+N11A el [i 0 11(Ni+N g e 921(Ni+N-1) g e Ao lI(N,,,y, A) \ e sIINi + N -11\ s21Ni + N

15
N _ 1 ("), @ g s
r2(Ni) J2 eJO ejgm(Ni) ej(921(Ni)+i+5) SZ(Ni)

[0264]

Here, j is an imaginary unit.
5 For symbol number Ni + 1:

[0265]

Math 77

Equation 75
ri(Ni+1))_ 1 (" (A o 0N QONR) (N 11)
r2(Ni+1)) " V2 (g°) & Y @ g.mss) | sa(Ni 1)

[0266]

10

When generalized, this equation is as follows.
For symbol number Ni + k (k=0, 1, ..., N—1):
[0267]
15 Math 78

Equation 76
ri(Ni +k) _ 1 ejo (A 0 g ejgu(Ni+k) ej(gu(NHkM) siNi +k)
r2(N| n k) 2 e]O e ej921(Ni+k) ej(021(Ni+k)+l+5) SZ(N' + k)

[0268]

20 Furthermore, for symbol number Ni + N — 1:
[0269]
Math 79
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[0262]

In Equations 70-73, let A be a real number and g be a complex number. The values of A
and g are determined in accordance with the positional relationship between the transmission device
and the reception device. Equations 70-73 can be 20 represented as follows. For symbol number Ni
(where i is an integer greater than or equal to zero): [0263] Math 76 Equation 74 rgNir 1 ,0\ e (et eio g
efloOn(No+A.)\( si(NO" eiv,i(m)+2+5)2(Ni)2 [0264] Here, j is an imaginary unit. 5 For symbol number Ni

+ 1: [0265] FRuatoN Equation 75 rl(Ni +1[ei,eJO , = +

10

15

20

25

ri(Ni+N —1) 1 efo (A " g/ Oultin) ei(enww—w) s1(Ni + N -1)
r2(Ni+N-1)) 2{g" € g0t ej(eamnmws) s2(Ni+N -1)

[0270]

As a result, when q is represented as follows, a signal component based on
one of s1 and s2 is no longer included in rl and r2, and therefore one of the signals
s1 and s2 can no longer be obtained.

For symbol number Ni (where i is an integer greater than or equal to zero):
[0271]
Math 80

Equation 78

q= —Aej(Hll(Ni)—Hzl(Ni)),— Aej(ell(Ni)—t921(Ni)—5)

[0272]

For symbol number Ni + 1:
[0273]

Math 81

Equation 79

q= _ Api(O11(Ni+1)-01(Ni+1)) _ o i(@11(Ni+1)-5(Ni+1)-5)

[0274]

When generalized, this equation is as follows.
For symbol number Ni + k (k=0,1, ..., N—1):
[0275]
Math 82
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eieu(Ni+0Oeife 9 "(Ni-Fo+ A) 9 2,(Ni+i) ei(821(Ni+0+ A-F8) + 1) s2(Ari +1), q, 10 [0266] When
generalized, this equation is as follows. For symbol number Ni + k (k =0, 1,N - 1):  [0267] 15 Math
78 Equation 76 ei(oii(Ni+o-FA)soh + k)’

10

15

20

25

Equation 80

q = —Api(@11(Ni+k)}-gp,(Ni+k)) _ A0 1(011(Ni+k)-@y(Ni+k)-)

[0276]

Furthermore, for symbol number Ni + N — 1:
[0277]
Math 83

Equation 81
q= _ Api(B11(Ni+N-2)-g,1(Ni+N-1)) _ A i(@15(Ni+N-1)-g5(Ni+N-1)-5)

[0278]

In this case, if q has the same solution in symbol numbers Ni through Ni +
N — 1, then since the channel elements of the direct waves do not greatly fluctuate, a
reception device having channel elements in which the value of q is equivalent to
this same solution can no longer obtain excellent reception quality for any of the
symbol numbers. Therefore, it is difficult to achieve the ability to correct errors,
even if error correction codes are introduced. Accordingly, for g not to have the
same solution, the following condition is necessary from Equations 78-81 when
focusing on one of two solutions of g which does not include 6.
[0279]
Math 84
Condition #3

ei(<911(Ni+X)—921(Ni+X))¢ ei(t911(Ni+y)—4921(Ni+y)) for vx, vy (x# y; X,y =01.2,---,N —2,N —1)

[0280]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
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ei( 6 )2i(Ni+0+ A.+6.) ,s2(Ni + k) [0268] 20Furthermore, for symbol number Ni + N - 1: [0269] Math 79
Equation 77 (r\Ni + N -0\ _21e10\ ( r2(Ni + N-O1 NE ei, eion(m_EN,)\ skNi + N -1)\ e 921(Ni-EN-1)
eiv2I(Ni-EN-0-1-5) s2(Ni + N [0270] 5As a result, when g is represented as follows, a signal
component based on one of sl and s2 is no longer included in rl and r2, and therefore one of the
signals sl and s2 can no longer be obtained. For symbol number Ni (where i is an integer greater than
or equal to zero): [ONAf, TR HEBDIFRTDAGEHFOSNYEoR e O (G N Q- up 2{go, £oA e dr(@ B1ENO- 0 21(m)-
s) [0272] 15 For symbol number Ni + 1: [0273] Math 81 o )
described. It suffices to set A to a certain value; it is then necessary to establish
requirements for 6. The following describes the design method for 6 when A is set to
zero radians.
5 [0281]
In this case, similar to the method of changing the precoding weights in a
four-slot period (cycle), by defining 6 so that /2 radians < |5| < & radians, excellent
reception quality is achieved, particularly in an LOS environment.
[0282]
10 In each symbol number Ni through Ni + N — 1, two points labeled g exist
where reception quality becomes poor, and therefore 2N such points exist. In an
LOS environment, in order to achieve excellent characteristics, these 2N points
should each have a different solution. In this case, in addition to Condition #3,
Condition #4 is necessary.
15 [0283]
Math 85
Condition #4
ej(gn(Nier)ngl(Nier)) - ej(Hll(Nier)*@ﬂ(Nier)*ﬁ) for Vx, vy (X, y=012,---,N—-2,N —l)
and

20 ej(‘gn(Ni+X)_021(Ni+x)_5);ﬁ ej(Hll(Ni+y)_‘921(Ni+Y)_5) for vx, vy (x # y; X,y =01,2,---,N —2,N —1)

[0284]
Additionally, the phase of these 2N points should be evenly distributed
(since the phase of a direct wave at each reception device is considered to have a
25  high probability of even distribution).
As described above, when a transmission device transmits a plurality of
modulated signals from a plurality of antennas in a MIMO system, the advantageous

effect of improved transmission quality, as compared to conventional spatial
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Equation 79 g- A e1(Gil(Ni+1)-1921(Ni+1)), A e1(191 1(Ni+1)-6121(Ni+1)-8) 20 [0274] When
generalized, this equation is as follows. For symbol number Ni + k (k =0, 1,N - 1):  [0275] 25 Math
82 Equation 80 q = -A €j(01 i(Ni+0-021(Ni+k)), - A €j(01 i(Ni+k)-021(Ni+k)-s) [0276] S5Furthermore, for
symbol number Ni + N - 1: [0277] Math 83 Equation 81 g = -A ei(911(Ni+N-1)-021(Ni+N-1)), A
eiG911(Ni+N-1 )-1921(Ni+N-1)-6) 10 [0278] In this case, if g has the same solution in symbol
numbers Ningtldpdxmp-+NIMO tHerashiegethdrtidanh&) e lenviraRrag ihd divduicvaliesctiovave reatly

fluctuate, a reception device having channel elements in which the value of g is equivalent to 15 this
same solutATRIAEGIoRGRT BB R LR ROU BB S RGHIBF Y A B WBEsymbol numbers.

Therefore, ifg'%g icult to achieve the ability to correct errors, even if error correction codes are
introduced. Accordingly, for g not to have the same solution, the following condition is necessary from

Equations 78-81 whantfecusisgrancpnsoditwatsahdiatriefusievbicthdopgastidnclusdd 20[8279] Math
84 Condition #3 e+ 6) 21( NI+ x)) eJ(811(m Y)-921(m+Y))forVx,Vy (xy; x,y=0,1,2, ,N-2,N-1)
5 described in Embodiment 1, and in particular with regards to the structure of the

reception device, operations have been described for a limited number of antennas,

but the present invention may be embodied in the same way even if the number of

antennas increases. In other words, the number of antennas in the reception device

does not affect the operations or advantageous effects of the present embodiment.
10  Furthermore, in the present embodiment, similar to Embodiment 1, the error

correction codes are not limited.

[0286]

In the present embodiment, in contrast with Embodiment 1, the method of

changing the precoding weights in the time domain has been described. As
15  described in Embodiment 1, however, the present invention may be similarly

embodied by changing the precoding weights by using a multi-carrier transmission

method and arranging symbols in the frequency domain and the frequency-time

domain. Furthermore, in the present embodiment, symbols other than data symbols,

such as pilot symbols (preamble, unique word, and the like), symbols for control
20 information, and the like, may be arranged in the frame in any way.

[0287]

(Embodiment 3)

In Embodiment 1 and Embodiment 2, the method of regularly hopping

between precoding weights has been described for the case where the amplitude of
25 each element in the precoding weight matrix is equivalent. In the present

embodiment, however, an example that does not satisfy this condition is described.

[0288]
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25[0280] (xis 0,1, 2,...,N- 2,N- Eyis O, 1, 2,...,N- 2,N- 1;andx#y.) Next, design requirements for
not only 011 and 012, but also for X, and .3 are described. It suffices to set X, to a certain value; it is
then necessary to establish requirements for S. The following describes the design method for .3 when
X, is set to zero radians. 5[0281] In this case, similar to the method of changing the precoding
weights in a four-slot period (cycle), by defining .3 so that )1/2 radians < < TE radians, excellent
reception quality is Behibesakpaticonirastivin E@@@limmt&dhE[mzqﬁmmm p@ensbngumber Ni

Such points GRS PHFT L%%vtseﬁebféﬁﬁétﬁ%vaﬁ%ﬁé?sfﬁﬁ@ﬁ NBo RE TR ABRHSAAS 2N poits
hould d
mocossary. ToLoua] WA B Candl o DGt i (o o0 g e o 5

20e1(9,Y)-$ieHaMred bhetoh\Yymbonyinbey. 1.8 B Be a Mosidvl rdai[@d8tker, and fdditionally, the phase

of these 2N points should be evenly distributed (since the phase of a direct wave at each reception
device 9s cdrgig¥rabolonbawkeadBMMgIRsrbisadilitytegengieatistihanionggual aseksdcribed above, when a

transmissio |ce transmits a plurality of modulated signals from a plurality of antennas in a MEMO
system, the tageous effect of improved transmission quality, as compared to conventional
spatial mulfiplexigw) MIMO, is achieved in an LOS environment in which direct waves dominate by

hopping between precoding weights regularly over time. [0285] In the present embodiment, the

structure offtigageeigon device is as 5 described in Embodiment 1, and in particular with regards to

the structure of the reception device, operations have been described for a limited number of

antennas, but the present invention may be embodied in the same g&fve Je the number of antennas
6

increases.l s, the nymber pf a HAain the re feqhthe
operations an _O.LIS effects of the It-Esent embodlrvﬁf?t{‘é ﬁﬁ\ﬁ‘)
22 Ni) /lB 1 ,Bxejezl o i@, n2+5) || s2(Ni)
10
[0290]

Here, j is an imaginary unit.
For symbol number Ni + 1:
[0291]
15  Math 87

Equation 83

(zl(Ni+1)j_ 1 0N g IO (N 1)
22(N|+1) B ’ﬂ2+1 ﬁxejQZI(Ni+1) ej(921(Ni+l)+l+5) 52(N|+1)

[0292]

20 When generalized, this equation is as follows.
For symbol number Ni + k (k=0,1, ..., N—1):
[0293]

Math 88
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10 Furthermore, in the present embodiment, similar to Embodiment 1, the error correction codes are
not limited. [0286] In the present embodiment, in contrast with Embodiment 1, the method of
changing the precoding weights in the time domain has been described. As 15 described in
Embodiment 1, however, the present invention may be similarly embodied by changing the precoding
weights by using a multi-carrier transmission method and arranging symbols in the frequency domain
and the fredufsiatipfi®@ domain. Furthermore, in the present embodiment, symbols other than data
symbols, such as pilot symbols (preamble, unigue word, and the Jike), sym ols for control 20

information,/a ﬂf(mlp _]_If@%an be arranged léﬂﬁlé'\"réﬂ)ne in J@E‘B)ﬁ]’l ngrg In
d Embo

Embodiment 1 od of reguBarI h betw precoding weights has
been descri é@ Mithekchse w Ozr?x% c':l@ oFoK eace ﬁli +r‘i“t r8 tﬂ\hgl-vke ht matrix is
equivalent. In the present em men owever an example that does not’satisfy this condition is
described. [0288] For the sake of contrast with Embodiment 2, the case of changing precoding
weights over an N-slot period (cycle) is described. Making the same considerations as in Embodiment
1 and Emb(tﬁ%]g]ft 2, processing represented as below is performed on each symbol number. Let 13
be a positiv number, and 13 # 1. 5 For symbol number Ni (where i is an integer greater than or

equal tg zero): [0289 g]gn% E@% (1310, {No 1eit9i1(NoxeA9i10 si(N Ili 2 fl +1
flxet92§(Noel(t921(N %N 1 %? @%gﬁ |SZ\JF1 mgaglnary unit. For symbol number Ni + 1:
[0295]
Math 89

Equation 85

(zl(Ni +N —1)j 1 { QIO g BN DN (N 4N 1)
ZZ(N' +N —1) B 'ﬂ ﬂerezl (Ni+N-1) ej<021(Ni+N—l)+}L+5) SZ(N' +N _1)

10
[0296]
Accordingly, rl1 and r2 are represented as follows.
For symbol number Ni (where i is an integer greater than or equal to zero):
[0297]
15 Math 90

Equation 86

[ﬁ(N‘.)} 1 (m(m_) h“(Ni)][ g0 ﬂxe"@n(wj(sl(wi)j

Br@f) ll0:00549) | s(Ni)

[0298]
20 Here, j is an imaginary unit.
For symbol number Ni + 1:

[0299]
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[0291] 15 Math 87 Equation 83 ei 0 "(Ni+i)x eic 9"(Nio \ [zi(Ni +0\1s4Ni +1)\ e 21(NioA-kg)s2(Ni +0,
z2(Ni +0, Vfl2+1 JO x ei021(1W+1) [0292] 20When generalized, this equation is as follows. For symbol
number Ni + k (k =0, 1,N - 1): [0293] Math 88 Equation 84 ( zi(Ni +k) Z2(Nik); 1 ii(m+k) i(9() x
e21M+kfl x e/oliorik™\ e212+8) ( sI(Ni + s2(Ni + k) 11)82 +1

Math 91
Equation 87
(rl(N|+1)]_ 1 hll(N|+1) h12(N|+1) ejeu(Niﬂ) ﬁxej(eu(NHl)M») 51(N|+1)
r2(Ni+1)) | ﬂ2+1 hyy(Ni+1) hy,(Ni+1)) px @€ ej(en(mﬂ)w) s2(Ni+1)
5 [0300]

When generalized, this equation is as follows.
For symbol number Ni + k (k =0, 1, ..., N—1):
[0301]
Math 92
10  Equation 88

(rl(Ni+k)J_ 1 [hu(Ni+k) hlz(Ni+k)J{ N ﬂxej(e“(N”k)”)J(Sl(Ni+k)J
- h

r2(Ni+k) /,BZ+1 h,, (Ni+k) h,,(Ni+k) ﬁxeiazl(wnk) ej(621(Ni+k)+A+6) s2(Ni +k)

[0302]
When generalized, this equation is as follows.
15  For symbol number Ni + N — 1:
[0303]
Math 93

Equation 89

ri(Ni+ N -1) 1 (hy(Ni+N=1) hy(Ni+N-1)) @00 g oTOLN D g4 N 1)
[rZ(Ni +N —1)J:ﬂ2+1[h21(Ni +N-1) h,(Ni+N —1)J{ﬂxe19nm”“> eJ(GZJN‘*N*Wﬁ) J(sZ(Ni +N —1))
20
[0304]
In this case, it is assumed that only components of direct waves exist in the
channel elements hy(t), hiy(t), hyi(t), and hy,(t), that the amplitude components of
the direct waves are all equal, and that fluctuations do not occur over time. With

25  these assumptions, Equations 86-89 can be represented as follows.
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[0294] 5Furthermore, for symbol number Ni + N - 1: [0295] Math 89 Equation 85 x ei(on(Ni+N-0+4\
S4Ni + N -11\ j(021(Ni+N-0+2+8) s2,(Ni + N [0296] Accordingly, rl and r2 are represented as follows.
For symbol number Ni (where i is an integer greater than or equal to zero): [0297] 15 Math 90
Equation 86 ( rI(NO\ 1 ( hiJNO11120\10\( eiar(m)x eif9rr(m),-2)\ *NO" r2010, Vfi2 1 h21 (NOh22 (Ni),
)(3 x eithr(M)eiC921(1)+2+5)

For symbol number Ni (where i is an integer greater than or equal to zero):

[0305]
Math 94
Equation 90

(rl(Nl)j B 1 [Aejo q] ejen(Ni) ,Bxe (011 N|)+A) [Sl(N|)j

5 {r2(Ni)) \/ﬁ Aejo Bx e,pﬂ(m) o’ i(@,,(Niye2+9) s2(Ni)
[0306]
Here, j is an imaginary unit.
For symbol number Ni + 1:
10 [0307]
Math 95
Equation 91
rl(Nl +1) 1 Ae q ejeu(NiJrl) ﬂX e (@11 N|+1)+/1) Sl(Nl +1)
,ﬂ 1 Ae ﬂxejgn (Ni+1) e (921(N|+l +l+()‘) 52(N| +1)
15 [0308]

When generalized, this equation is as follows.
For symbol number Ni + k (k=0,1, ..., N—1):
[0309]
Math 96
20  Equation 92

( rl(Ni + k)} _ 1 (Aejo qJ{ eJ'Hll(NHK) [ e ({911 N|+k)+/1)]( Sl(Ni + k)j

r2(N| + k) j021(Ni+k) e (921 N|+k)+/1+§) SZ(Nl + k)
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S2(NO, [0298] 20Here, j is an imaginary unit. For symbol number Ni + 1: [0299] Math 91 Equation 87
(rI(Ni +1) +1), 1( hil(Ni +1)+ h21(Ni -Fh22 (Ni fix €.1(0 "(M+1)+ ( SI(Ni ( 3 0 ii(M+1) e .1(0 21(M+1)+
'1+3)S 2(Ni fix e121(1+1)e 5[0300] When generalized, this equation is as follows. For symbol number
Ni+k (k=0,1, ..., N - 1): [0301] Math 92

[0310]
Furthermore, for symbol number Ni + N — 1:
[0311]
Math 97
5 Equation 93

(rl(Ni+ N —1)J_ 1 (Ag° q) @MY kgl (NN -1)
r2(Ni+N-1)) ’ﬂ2+l AejO pxe 10,,(Ni+N-1) ej(@ﬂ(NHN—l)ﬁﬁ&) s2(Ni+ N -1)

X

[0312]
In Equations 90-93, let A be a real number and g be a complex number.
10  Equations 90-93 can be represented as follows.
For symbol number Ni (where i is an integer greater than or equal to zero):
[0313]
Math 98

Equation 94
y (fl(Ni_)j _ 1 {e‘_:](A & g g0 ﬂx_(e"(é’_nm”f)ﬂ) (sl(Ni_)]
I’Z(NI) ,ﬁ2+l eJ ﬂxejeﬂ eJ 0, (Ni}+i+ SZ(NI)

[0314]
Here, j is an imaginary unit.
For symbol number Ni + 1:
20  [0315]
Math 99
Equation 95
(rl(Ni-+1)] 1 [ejoJ(Aejo q{ eiﬁ-u(NHl-) pxg (6.4 NHW)J( Sl(Ni_ +1)]
r2(Ni+1) IB2+1 " Bxg0" o] ilg,n)e2+9) | s2(Ni +1)
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10 Equation 88 rI(Ni + J2(Ni + 1 h"(Ni + k) \ h21(Ni k) 1112(Ni + h22(Nik), e, am,+Kk) fix02,(NI -Fk fix
ej(t9iPT" ei(t 9 2,(Ari +0+ A+5) si(Ni +ky s2(Ni +k) 11)82 1 [0302] When generalized, this
equation is as follows. 15 For symbol number Ni + N - 1:

10

15

20

[0316]
When generalized, this equation is as follows.
For symbol number Ni + k (k=0, 1, ..., N—1):
[0317]
Math 100
Equation 96
{rl(Nif k)j ) ;[ef(’](Aejo q{ g ﬂ%e“"f‘”‘*””)}( SN + k)}
r2(Ni+k) 2 e ﬂxelé’zl(““*k) el(é’zl(“'*k)*“‘s) s2(Ni +k)

p

[0318]
Furthermore, for symbol number Ni + N — 1:
[0319]
Math 101
Equation 97
(ﬂ(Ni N —1)j 1 (e’ﬁOJ(Aew q{ g ﬂ%ej(e_““”””)}( Sa(Ni + N —1)}
r2(Ni+N -1) ,32+ e Bx eleszHN—n el((am(NHN—l)w»m) s2(Ni + N —1)
[0320]

As a result, when q is represented as follows, one of the signals s1 and s2
can no longer be obtained.
For symbol number Ni (where i is an integer greater than or equal to zero):
[0321]
Math 102

Equation 98

q= —%ej(ell(Ni)—Qm(Ni)),— Aﬁej(gll(Ni)—Qzl(Ni)_5)
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[0303] Math 93 Equation 89 rI(Ni + N -0\1111(Ni + Nh12(N i + N -iejou(Ni+N-1) J2(Ni + N -/32 + 121(Ni
+ N - h22(Ni + N - fix 20 [0304] In this case, it is assumed that only components of direct waves
exist in the channel elements hi JO, hu(t), h21(t), and h22(t), that the amplitude components of the
direct waves are all equal, and that fluctuations do not occur over time. With 25 these assumptions,
Equations 86-89 can be represented as follows. For symbol number Ni (where i is an integer greater
than or equal to zero): [0305] Math 94 Equation 90 [1-1010 5r2(Ni) Jo1 [Aep2+1 Aelo:L
e/WM) JOl(IEI()I?%%%i e 2 (NotA

10

15

20

For symbol number Ni + 1:
[0323]

Math 103

Equation 99

q= _%ej(@ll(Ni+1)—¢921(Ni+l))’ B Aﬂej(gll(Ni+1)—921(Ni+1)—5)

[0324]

When generalized, this equation is as follows.
For symbol number Ni + k (k=0, 1, ..., N—1):
[0325]
Math 104
Equation 100

q= _%ej(@ll(Ni+k)—921(Ni+k))’_ A e (011 (Ni+k)-01(Ni+k)-5)

[0326]
Furthermore, for symbol number Ni + N — 1:
[0327]
Math 105
Equation 101

q= _éej(gll(Ni+N—1)—921(Ni+N—1)),_ A,Bej(gll(NiJrN—1)—,921(Ni+N—1)—5)

[0328]
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x elv21(No+A8) | slI(Ni) s 2(Ni)) [0306] Here, j is an imaginary unit. For symbol number Ni + 1:
10[0307] Math 95 Equation 91 | rl(Ni +1) r2(1\Ti+1)/ Jo 1 [A e 1p2+1 AeJo g.\ [ eion(Ni+i)fix
eion(Ni+0+,.\ qi fix ele21vi+1)e1(821(Ni+0+,1+8) + s2INi +Hy

In this case, if g has the same solution in symbol numbers Ni through Ni +

N — 1, then since the channel elements of the direct waves do not greatly fluctuate,
excellent reception quality can no longer be obtained for any of the symbol numbers.
Therefore, it is difficult to achieve the ability to correct errors, even if error

5 correction codes are introduced. Accordingly, for g not to have the same solution,
the following condition is necessary from Equations 98-101 when focusing on one
of two solutions of q which does not include o.
[0329]
Math 106

10  Condition #5

e‘-(‘gﬂ(N”x)ﬂﬂ(Ni“)) = ej(eﬂ(N””*eﬂ(N”y)) for vx, vy (x = y; X,y =01,2,---,N —2,N —1)

[0330]
(xis0,1,2,...,N-2,N—1;yis0,1,2,.... N—-2,N—1;and x #y.)

15 Next, design requirements for not only 61, and 0,,, but also for A and 6 are
described. It suffices to set A to a certain value; it is then necessary to establish
requirements for 6. The following describes the design method for 6 when A is set to
zero radians.

[0331]

20 In this case, similar to the method of changing the precoding weights in a
four-slot period (cycle), by defining 6 so that /2 radians < |5| < & radians, excellent
reception quality is achieved, particularly in an LOS environment.

[0332]
In each of symbol numbers Ni through Ni + N — 1, two points g exist where

25  reception quality becomes poor, and therefore 2N such points exist. In an LOS
environment, in order to achieve excellent characteristics, these 2N points should
each have a different solution. In this case, in addition to Condition #5, considering

that B is a positive real number, and 8 # 1, Condition #6 is necessary.
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15[0308] When generalized, this equation is as follows. For symbol number Ni + k (k =0, 1,N - 1):

[0309] Math 96 20 Equation 92 eiell(m+k)fix e1(Ou(Ni+4-1)" sl(Aii+k) xeJon(m+k)1(021(1+0+2+8)?
\.s2,0Ti+k g/06 [0310] Furthermore, for symbol number Ni + N - 1: [0311] Math 97 5 Equation 93 (
r1INi N -1Y N -1) 1A el

[0333]

Math 107

Condition #6

ej(gﬂ(Ni+X)"921(N”X)'5);t ej(gﬂ(N”y)'gﬂ(N”y)'&) for vx, vy (x # y; X,y =01,2,---,N —2,N 1)

[0334]

As described above, when a transmission device transmits a plurality of
modulated signals from a plurality of antennas in a MIMO system, the advantageous
effect of improved transmission quality, as compared to conventional spatial

10  multiplexing MIMO system, is achieved in an LOS environment in which direct
waves dominate by hopping between precoding weights regularly over time.
[0335]

In the present embodiment, the structure of the reception device is as

described in Embodiment 1, and in particular with regards to the structure of the
15  reception device, operations have been described for a limited number of antennas,

but the present invention may be embodied in the same way even if the number of

antennas increases. In other words, the number of antennas in the reception device

does not affect the operations or advantageous effects of the present embodiment.

Furthermore, in the present embodiment, similar to Embodiment 1, the error
20  correction codes are not limited.

[0336]

In the present embodiment, in contrast with Embodiment 1, the method of
changing the precoding weights in the time domain has been described. As
described in Embodiment 1, however, the present invention may be similarly

25 embodied by changing the precoding weights by using a multi-carrier transmission
method and arranging symbols in the frequency domain and the frequency-time

domain. Furthermore, in the present embodiment, symbols other than data symbols,
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Vfi2-F1\ A" g\( el 011(m+N-1)fix e1(0"(N N-14N -1)'\ D102,(m+N-1),(02,(Ni+N-1),A+s)s21Ni N -1) x e
[0312] In Equations 90-93, let A be a real number and q be a complex nhumber. 10 Equations
90-93 can be represented as follows. For symbol number Ni (where i is an integer greater than or
equal to zero): [0313] Math 98 Equation 94 rkNil7 JO 15 e 2JOe +1,e eJoi,(m)fix eJ \fi
x2.1(M)ej(02.1(M)+2.+8) [0314] Here, j is an imaginary unit. For symbol number Ni + 1: 20[0315] Math
99 such as pilot symbols (preamble, unique word, and the like), symbols for control

information, and the like, may be arranged in the frame in any way.
[0337]
(Embodiment 4)

5 In Embodiment 3, the method of regularly hopping between precoding
weights has been described for the example of two types of amplitudes for each
element in the precoding weight matrix, 1 and (3.

[0338]
In this case, the following
10  [0339]
Math 108

1
ﬁ2+1

[0340]
is ignored.

15  [0341]

Next, the example of changing the value of B by slot is described. For the

sake of contrast with Embodiment 3, the case of changing precoding weights over a
2 x N-slot period (cycle) is described.
[0342]

20 Making the same considerations as in Embodiment 1, Embodiment 2, and
Embodiment 3, processing represented as below is performed on symbol numbers.
Let B be a positive real number, and f# 1 . Furthermore, let o be a positive real
number, and o # f.
For symbol number 2Ni (where i is an integer greater than or equal to zero):

25 [0343]
Math 109
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Equation 95 j0 e q (eiti"(m+1) x ei 6 1 21(m+1) fix eA 9110'0+0 7 *NJ + ei(6 121(M* 2+5) 7\s207?li +1)
Jo "-r2(Ni +1).1132 +1 \.e. | [0316] When generalized, this equation is as follows. For symbol
number Ni + k (k =0, 1,N - 1): 5[0317] Math 100 Equation 96 rI(Ni + K)\ \,r2(Ni + k) 7el0\

Equation 102

[zl(ZNi)j 1 [ gl ,Bxe"(H“(ZNW) (sl(ZNi)j

22(2Ni)) s2(2Ni)

B j 2Ni j i A+
/ﬂz_l_l ﬂxejeﬂ( Ni) eJ((921(2N Yea+5)

[0344]

5 Here, j is an imaginary unit.
For symbol number 2Ni + 1:
[0345]

Math 110
Equation 103

(zl(ZNi+1)j 1 ( g!0u2) ,Bxej(é’ﬂ(ZN”l)”“)](sl(ZNi+1)]

10 i o j i+ j i+l A+ :
ZZ(ZN' +1) 11182 +1\fx ejeﬂ(ZN ! eJ(HZl(ZN trivo) SZ(ZN' +1)
[0346]
When generalized, this equation is as follows.
For symbol number 2Ni + k (k=0,1, ..., N—1):
15 [0347]
Math 111
Equation 104
(zl(ZNi + k)] 1 N N e (sl(ZNi + k)j
22(2Ni +k) /IB2+1 ﬂxejﬁzl(zmk) ej(921(2Ni+k)+/1+5) s2(2Ni + k)
20 [0348]

Furthermore, for symbol number 2Ni + N — 1:

[0349]
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(Aetoio2+l,e 8 0(m-Ek)\ 13 X e 492.tm-E9 r(m_EkyHty\ fix eskNi + Ic) \ ei(r) 2,(N-0-t-Es)s2(Ni + k)/
10[0318] Furthermore, for symbol number Ni + N - 1: [0319] Math 101 Equation 97 r((N + N - ,r 2(N +
N -11/32 +1 e Ale(m+N+)fl x 6/011(m+N+)+ty 10(.51011 + N -1Y e

10

15

20

Math 112
Equation 105

Jp

21(2N| +N _1) ~ 1 ej911(2Ni+N_1) ﬂxej(gu(ZNi-*—N—lHi) 51(2N| +N _1)
22(2Ni +N _1) ﬂxejezl(ZNiJerl) ej(QZI(ZNHN—l)«LAﬂS) 52(2Ni N _1)

[0350]

For symbol number 2Ni + N (where i is an integer greater than or equal to zero):
[0351]

Math 113

Equation 106

21(2Ni + N) 1 ejeu(ZNHN) axej(Qn(ZNHN)M) S1(2Ni+ N)
z2(2Ni +N) oy 02 ej(QZI(ZNi+N)+,1+§) s2(2Ni + N)

o't

[0352]

Here, j is an imaginary unit.
For symbol number 2Ni + N + 1:
[0353]
Math 114
Equation 107

21(2N| +N +1) ~ 1 ejgn(ZNiJrNJrl) ax ej(@ﬁ(ZNi+N+l)+/l) 51(2N| +N +l)
z2(2Ni+ N +1) o XejHZI(ZNi+N+1) ej<921(2Ni+N+l)+/1+6) s2(2Ni + N +1)

wla2+l

[0354]

When generalized, this equation is as follows.
For symbol number 2Ni+ N+ k (k=0,1, ..., N—1):
[0355]
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x elaim-EN+) ei(ex(m+N+)+,5) ,s2(Ni + N -, [0320] As a result, when q is represented as follows,
one of the signals sl and s2 can no longer be obtained. 20 For symbol number Ni (where i is an integer
greater than or equal to zero): [0321] Math 102 Equation 98 q = -Ae1(0n(NO-021(Ni)),- A Jo
1(011(NO-021(NO0-8) [0322] For symbol number Ni + 1: [0323] 5 Math 103 Equation 99 g =--A A
i21(N1+1 Afiej(011(Ni+1)-821(Ni+1)-(7) [0324] 10When generalized, this equation is as follows. For
symbol nunidaihNilb k (k = 0, 1,N - 1): [0325] Math 104 Equation 100 A

Equation 108

A@Ni+N+k)) 1 QIO o BN oN 1 N k)
z2(2Ni + N +k) 10,,(2Ni+N-+k) 61(921<2Ni+N+k>+ﬂ+5> s2(2Ni+ N +k)

2

o t1\¢>xe
5 [0356]
Furthermore, for symbol number 2Ni + 2N — 1:
[0357]
Math 116
Equation 109

i@, (2Ni+2N-1) i@, (2Ni+2N-1)+2)

z1(2Ni + 2N -1) 1 axg s1(2Ni +2N -1)

10 - _ :
(zZ(ZNi +2N _1)j /az +1 {a % e1021(2N|+2N-1) ej( L (2Ni+2N-1)2+5) J(SZ(ZNi +2N _1))

[0358]
Accordingly, rl1 and r2 are represented as follows.
For symbol number 2Ni (where i is an integer greater than or equal to zero):
15 [0359]
Math 117
Equation 110

[rl(ZNi)] 1 (hll(ZNi) h12(2Ni)j( N ﬂxej<0ﬂ(2Ni)M)](Sl(2Ni)]

r2(2Ni)) ,32+1 hy (2Ni)  hy,(2Ni) | px @10 ei(%zwi)w) s2(2Ni)

20 [0360]
Here, j is an imaginary unit.
For symbol number 2Ni + 1:
[0361]
Math 118
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159 =.( 911,Ni+k)-921(Ni+k)) _AIG 1(911(Ni+k)-821(Ni+k)-(5) [0326] Furthermore, for symbol number
Ni + N - 1: [0327] 20 Math 105 Equation 101 q = A j(0"2iN_.(O(Ni+N-1)-(92iN +N-1)-8) [0328] In
this case, if g has the same solution in symbol numbers Ni through Ni + N - 1, then since the channel
elements of the direct waves do not greatly fluctuate, excellent reception quality can no longer be
obtained for any of the symbol numbers. Therefore, it is difficult to achieve the ability to correct errors,
even if erroEguUsPBCctibh codes are introduced. Accordingly, for g not to have the same solution, the
following condition is necessary from Equations 98-101 w cusing soI tions of q
which does(rfé IWCT[(L}‘L { M%'ﬂ‘l %56 hdZbnHitiore S%E i% n‘fﬁﬁ(%ﬂzgqﬁ X y=0,1,2,
N - 2,N -1)[6&306} § é oy (RN PLIN L A2Wiis10) B2y 02N 2P “%{ﬁ*é) ZMI‘QNIé t, design
requirements for not only 011 and 012, but also for X, and 6 are descrlbed. It suffices to set X, to a
certain value; it is then necessary to establish requirements for S. The following describes the design
method for 6 when X, is set to zero radians. [0331] 20In this case, similar to the method of changing
the precodibi@gB@jghts in a four-slot period (cycle), by defining 6 so that )1/2 radians < 8 < TE radians,

excellent receptlon ality is achjev artlcularl 3 LIOS environment [0332] In each of symbol
numbes Ni throug ep Rensgralizs (gc} lsse&lé% offows.

For symbol number 2Ni + k (k=0, 1, ..., N—1):

[0363]

Math 119

Equation 112
10 (rl(ZNi+k)j_ 1 [hn(ZNi+k) h12(2Ni+k)][ NG ﬂxej(elgzwnwﬂz)}(sl(z,\li+k)J
h

r2(2Ni+k)) ,BZ+1 hyy (2Ni+k)  hy, (2Ni +K) | px g0 ej(eﬂ(zwnk)w) s2(2Ni +k)

[0364]
Furthermore, for symbol number 2Ni + N — 1:
[0365]
15  Math 120
Equation 113

ARNI+N-1)) 1 (hy(@Ni+N-1) hy(@Ni+N-1)) @¢LM " gy e@uz“”“l”) SI(2Ni+N -1)
r2@Ni+N-1)) [o2 o (NN 1) hy(2Ni+N -1 gyl e(enzwww—mw) s2(2Ni+N -1)

ﬂ+

[0366]
20  For symbol number 2Ni + N (where 1 is an integer greater than or equal to zero):
[0367]
Math 121
Equation 114

ARNI+N)) 1 (hy(@Ni+N) hy(Ni+N)Y @i s @0 g oN 1 )
r2 +1 h 2

(@Ni+N)) " [z (s (2Ni+N) hy, (2Ni+N)| @ 0N ej(921<2Ni+N>M+b‘) s2(2Ni +N)
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25 reception quality becomes poor, and therefore 2N such points exist. In an LOS environment, in
order to achieve excellent characteristics, these 2N points should each have a different solution. In this
case, in addition to Condition #5, considering that 13 is a positive real number, and 13 1, Condition #6
is necessary. 5 [0333] Math 107 Condition #6 e1(0"(1-kx)-021(N1-kx)-5) e" i(o (m-ky)-thicm-ky)-5) for
VX, Vy (xy; x,y=0,1,2, ,N-2,N-1) [0334] As described above, when a transmission device
transmits a plurality of modulated signals from a plurality of antennas in a MEMO system, the
advantageous effect of improved transmission quality, as compared to conventional spatial 10
muItipIexinJ%ﬁﬁ system, is achieved in an LOS environment in which direct waves dominate by
hopping be n: H\L%% ights:.regularly over time. [0335] In the present embodiment, the
structure of té?g’égé%mn I\\/A@e? ig@gi described in Embodiment 1, and in particular with regards to the
structure ofpthe slnisslentinpcowge, Npergtions have been described for a limited number of antennas,
but the present invention may be embodied in the same way even if the number of antennas
increases. [[9369¢r words, the number of antennas in the reception device does not affect the
operations or agr\;11 tageous effects of the present embodiment. Furthermore, in the present
embodimer‘h/,l@i to Embodiment 1, the error 20correction codes are not limited. [0336] In the
present emE%ga'{LSHt]b'i% contrast with Embodiment 1, the method of changing the precoding weights in
the time domain has been described. As described in Embodiment 1, however, the present invention

may be simjigpy; 2R eimbodied by shandingthewprag 'ngjayeiighmts by éjgm%) lij>gargier) transmission
method and grsanging Inihe freguensy dem igxarjyjl(zthﬁilfreé] [cleleViaile) Sg@mgm.léurthermore,

i
in the present embodimeng §ymbols other than data symbols,

10  [0370]
When generalized, this equation is as follows.
For symbol number 2Ni + N+ k (k=0, 1, ..., N—1):
[0371]
Math 123
15 Equation 116

MENi+N+K)) 1 (hy(@Ni+N+k) hy, (2Ni+N+k)) !0 aer(HH(ZN”N*kW sI(2Ni+N +k)
r22Ni+N+k)) /a2+1 hy (2Ni+ N +K) iy, (2Ni+N +K) | g x /") ei(ezmnmmw) s2(2Ni+ N +k)

[0372]
For symbol number 2Ni + 2N — 1:
20 [0373]
Math 124
Equation 117

[rl(ZNiJrZN 4)] 1 [hu(ZNi+2N—1) hlz(ZNi+2N—1)J[ g0 axeltgm(mm1)“»)][31(2,\]”2,\' 71)]
h

- e hy(2Ni +2N —1) h,,(2Ni+2N -1) axejgn(zwnzml) ej(gﬂ(zwnzwfnuw) s2(2Ni+2N -1)

r2(2Ni+2N -1)

25 [0374]
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such as pilot symbols (preamble, unique word, and the like), symbols for control information, and the
like, may be arranged in the frame in any way. [0337] (Embodiment 4) 5In Embodiment 3, the method
of regularly hopping between precoding weights has been described for the example of two types of
amplitudes for each element in the precoding weight matrix, 1 and 13. [0338] In this case, the following
10[0339] Math 108 4.1132 +1 [0340] is ignored. 15[0341] Next, the example of changing the value
of 13 by slot is desdrdbib casethikisassuntesbeastnhytadmmboeiiseoh direot waressdsiaingihg precoding

EmbodmeR{ T RSh ST e bS] b il AN oS Ehormed on
amber, s B W B e BB kDTS nero
25[0343] Maibsd Q8s A3 BN fatkaa2Nip-1(02E4ANe represenctNi3 i dNddv]
5  For symbol number 2Ni (where i is an integer greater than or equal to zero):
[0375]
Math 125

Equation 118

(I’l(ZNi)j _ 1 [Aeio Q)[ eJ'HM(ZNi) Bx eJ'(Qll(ZNi)M)J( Sl(ZNi)j

r2(2N|) ,ﬂ2+1 AeiO q ﬁxej021(2Ni) ei(021(2Ni)+l+§) SZ(ZNI)
10
[0376]
Here, j is an imaginary unit.
For symbol number 2Ni + 1:
[0377]
15 Math 126
Equation 119
ARNi+L)) 1 (Ag® q) @ pxgl@® i si(aNi +1)
r2(2N|+1) B fﬂz_i_l Aejo q ﬁxelﬂn(zNiﬂ) ej(QZI(ZNiJrl)JrAH)‘) 52(2N|+1)
[0378]
20 When generalized, this equation is as follows.

For symbol number 2Ni + k (k=0, 1, ..., N—1):
[0379]

Math 127

Equation 120

93



5Here, j is an imaginary unit. For symbol number 2Ni + 1: [0345] Math 110 Equation 103 [0346]
When generalized, this equation is as follows. For symbol number 2Ni + k (k =0, 1,N - 1): 15[0347]
Math 111 Equation 104 z2(2Ni + 4 iii02 +1 [fix ei021(2Ari+k) 20[0348] Furthermore, for symbol
number 2Ni + N - 1: [0349] Math 112 Equation 105 7z1I2Ni + N -0\ + N -1)

(rl(ZNi+k)J_ 1 [Ae“’ q}[ !0 ﬁxel(ﬁu@”'*k)”)}(sl(zNi+k)]

r2(2Ni+k)) Ae” g pxgl0a i(Gen0-140) | s2(2Ni + k)

= e

[0380]
Furthermore, for symbol number 2Ni + N — 1:
5 [0381]
Math 128
Equation 121

ARNi+N-1)) 1 (A" q) @@ ﬂxej(gll(ZNi+N—1)+/L) SI2Ni + N -1)
r2(2Ni +N —1) - Aejo q ﬂxeiezl(ZNanl) ej(921(2Ni+N—1)+/1+6) SZ(ZNi N _1)

g

10  [0382]
For symbol number 2Ni + N (where i is an integer greater than or equal to zero):
[0383]
Math 129
Equation 122

15 r1(2N|+N) ~ 1 Aejo q eJ'Qn(ZN”N) axej(gn(ZN”N)*i) 31(2N|+N)
_—\/ﬁ Aejo q axejgm(zmm) ej( L (2Ni+N e 2+6) 52(2Ni+N)

r2(2Ni+N)
[0384]
Here, j is an imaginary unit.
For symbol number 2Ni + N + 1:
20 [0385]
Math 130
Equation 123

neNi+N+1)) 1 (A’ q) ¢ axe"(@l‘z”‘*“””‘) sI(2Ni+N +1)
r2(2N|+N +1) AeJO q axej021(2Ni+N+l) ej(021(2Ni+N+l)+l+5) 82(2N|+N +1)

1la2+l
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lei ii(2N-N-1) fi2 +1x e,0z,(2m_EN_i) x e(2.Ni_EN_0+,0\ s42Ni + N -0\ e10 z,(2Ni_EN_iyHt_Ec5)
1,52(2Ni + N -1) 5[0350] For symbol number 2Ni + N (where i is an integer greater than or equal to
zero): [0351] Math 113 Equation 106 1 .4911(2,i+N) Vaz+i[axejt921(2Ni+N) i(011(2Ari+N)+2).\
axes42Ni + N) i(t921(2Ni+N)+2+s)

[0386]
When generalized, this equation is as follows.
For symbol number 2Ni + N+ k (k=0,1, ..., N—1):
5 [0387]
Math 131
Equation 124

IENi+N+k)) 1 (A’ q) @M axej(@l@“‘*“*k”) s1(2Ni + N +k)
AejO q axej921(2Ni+N+k) ej(921(2Ni+N+k)+l+é‘) 52(2N|+N +k)

r2(2Ni+ N +k) /0(2”

10 [0388]
Furthermore, for symbol number 2Ni + 2N — 1:
[0389]
Math 132
Equation 125

15 (reNi+2N-1)) 1 (AP q) @fPVY g gl qoNi 1 oN —1)
= Aejo q axejgﬂ(ZNi-v-ZN—l) ej(QZI(ZNi+2N—1)+A‘+(>‘) SZ(ZNi+2N _1)

r2(2Ni+2N -1) [0 +1

[0390]
In Equations 118-125, let A be a real number and g be a complex number.
Equations 118-125 can be represented as follows.
20  For symbol number 2Ni (where i is an integer greater than or equal to zero):
[0391]
Math 133
Equation 126
(1) ;(e‘f’}(Aew q{ e ﬂx_e’“’%“”‘”j( sow)
r2(2Ni) > " fr0:) gl0:2005) | 2(2Ni)

p
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[0352] Here, j is an imaginary unit. For symbol number 2Ni + N + 1: 15[0353] Math 114 Equation
107 +N+ z2(2Ni + N +0, (2Ni+N-frosk t ax ee2Ni + N + A021(2Ni+N-fro-h,t-hcs)+ N +0, 20[0354]
When generalized, this equation is as follows. For symbol number 2Ni + N + k (k =0, 1,N - 1): [0355]
Math 115 Equation 108 1Ni-kA -4)j(01)-k\ ZON j 01(2 N + k)\1ax ie1(2Ni-kAT-4 it) sl(2Ni + N + k)\
z2(2,Ni + N + a2 +1x evz,(2Ni+ALKkK)At 9 z,(2Ni+N+0+2+8) ,s2(2Ni + N + k) 5[0356] Furthermore, for
symbol number 2Ni + 2N - 1:

[0392]
Here, j is an imaginary unit.
For symbol number 2Ni + 1:
5 [0393]
Math 134
Equation 127

[I’l(ZNi +1)j 1 [ejo](Aejo q{ ejgu(sz) Bx ej(gn(sz)m)J( S1(2Ni +1)j

I‘2(2Ni+1) 2 i0 ﬁxej921(2Ni+l) ej(021(2Ni+1)+/1+5) 32(2Ni+1)

IB+1€

10 [0394]
When generalized, this equation is as follows.
For symbol number 2Ni +k (k=0,1, ..., N—1):
[0395]
Math 135
15 Equation 128

I’l(ZNi—i—k) ~ 1 eio (A 0 ejgﬂ(zNHk) ﬂxej(gu(zmi+k)+/1) Sl(2Ni+k)
r2(2Ni+k) B 1 ejo e d ﬂxejgﬂ(ZN”k) ej(921(2Ni+k)+/1+b‘) SZ(ZNi+k)

ﬂz
[0396]
Furthermore, for symbol number 2Ni + N — 1:
20 [0397]
Math 136

Equation 129
(I’l(?_NI +N —1)] B 1 (eJOJ(Aem q{ eiﬁn(ZNHN—l) ﬂxej(en(ZNHN—l)M)}(Sl(ZNi +N _1)]

H jo j i+N- j i+N-1}+A+6 H
r2(2Ni+ N -1) 4+ e’ fx @02 el(@l(zw N-2+20) | 52(2Ni+ N —1)
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10 [0357] Math 116 Equation 109 en zi(2Ni + 2N -lio(2m+2,1) 1)\ax e1(011(22N-1)-4 si(2Ni + 2N -1) \
(2Ni-k2N-1)e.,(021(2._1)+,1+5) vz2(2Ni + 2N -1),\s2(2Ni + 2N -1) a2 +1 \a x el21 [0358] Accordingly,
rl and r2 are represented as follows. For symbol number 2Ni (where i is an integer greater than or
equal to zero): 15[0359] Math 117 Equation 110 r1(2Ni)\17 hii(2Ni) hi2(2NO\(9,,(2m)x si(2m)"
r2(2Ni)1(84E) it +1 7121(2Ni) h22 (2Ni)2x e€i921(221(2N-E8) s2(2Ni) M) 20[0360] Here, j is an
imaginary unit. For symbol number 2Ni + 1: [0361] Math 118

[0398]
For symbol number 2Ni + N (where i is an integer greater than or equal to zero):
[0399]
5 Math 137
Equation 130

(fl(ZN”N)J_ 1 {ejo](Aejo q{ g/de ) axej(‘gll(z“i*N”)}(sl(zl\n+N)J

r2(2Ni+N)) /az+1 e” axejQM(ZNHN) ej(QZI(ZNi+N)+/1+5) s2(2Ni+N)

[0400]

10 Here, j is an imaginary unit.
For symbol number 2Ni + N + 1:
[0401]

Math 138
Equation 131

15  (r@eNi+N+1)) 1 (" (A o0 QIOCNND o QIO o 4 N 1)
r22Ni+N+1)) o A€ A axeienmnw) ei(9n<2Ni+N+1>+4+5) s2(2Ni+ N +1)

[0402]
When generalized, this equation is as follows.
For symbol number 2Ni+ N+ k (k=0,1, ..., N—1):
20  [0403]
Math 139
Equation 132

(rl(ZNi +N + k)J _ 1 [eiOJ(Aew q{ eJ'Hu(ZNi+N+k) ax ej(ell(zNi+N+k)+1)J(Sl(ZNi AN+ k)j

r2(2Ni+N +k) io o x @ 0NN G2 0) | $2(aNi 4 N +K)

25 [0404]
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Equation 111 O(2Ni + xr2(2Ni + 1 12,1(2Ni +k2(2Ni +0\ xh21(2Ni +h22(2Ni el 011(2M+1)x
el(011(2Ni+1)+2.P x e./01(2hx4)e.)(021(2m+11" 2+5) 2xs2(2Ni /sl 42Ni +\+ib 11 ja2+1 [0362]
5When generalized, this equation is as follows. For symbol number 2Ni + k (k =0, 1,N - 1): [0363]
Math 119 Equation 112 10r1(2Ni +1 ki(2Ni + k) 1112(2Ni + kYel 911(2m+k)ftx /9"(2.Ni+k)+,1)- \ + K)\

10

15

20

25

Furthermore, for symbol number 2Ni + 2N — 1:
[0405]
Math 140
Equation 133

(rl(Z Ni + 2N —1)J ! [eJOJ(AeJO q{ ejen(ZNHZN—l) a x ei(gn(ZanNnm)]( s(2Ni + 2N _1)j
= 0
€

r2(2Ni+2N -1) 0[2 1 ax ejgzl(ZNHZN—l) ej(ezl(ZNiJrZNfl)wHo‘) s2(2Ni + 2N —1)

[0406]
As a result, when q is represented as follows, one of the signals s1 and s2
can no longer be obtained.
For symbol number 2Ni (where i is an integer greater than or equal to zero):
[0407]
Math 141
Equation 134

q= _%ej(gll(ZNi)—gzl(ZNi))’ _ A,Bej(é’ll(z Ni)-@ p;(2Ni)-5)

[0408]

For symbol number 2Ni + 1:
[0409]

Math 142

Equation 135

q= —Ae i(014(2Ni+1)-9 (2 Ni+1))’ B Aﬂej(é’ll(z’\'”l)‘@zl(z Ni-+1)-5)

[0410]
When generalized, this equation is as follows.

For symbol number 2Ni + k (k=0, 1, ..., N—1):
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xr2(2Ni + k)1 \ h21 (2Ni -F k) h22(2Ni + k) ft x ej 92,(2.Ni+k) e1(82r(2m+k)+,1+8) ,s2(2Ni + [0364]
Furthermore, for symbol number 2Ni + N - 1: [0365] 15 Math 120 Equation 113 r1(2Ni+ N -1)\ r2(2Ni+
N 1 h11(2Ni+ N -1) h, (2Ni+ N -1) k2(2M+ N -1)\ h22(2Ni+ N -1) p x 9"(2NiN-1) 92.,(2m+N_,) p X
e1(61i1(2Ni+N-1}0..)\ e2.,(2NiN-1),{+0) ,(9 sl h2Ni+ N -1)\ 0'2 2Ni+ N -1) + 11l

[0411]
Math 143
Equation 136

q= _%ej(6)11(2Ni+k)—6)21(2Ni+k))’ _ ABel(011(@Ni+k)-g(2Ni+k)-6)

[0412]
Furthermore, for symbol number 2Ni + N — 1:
[0413]
Math 144
10  Equation 137

q= _éej(@ll(ZNi+N—1)—(921(2Ni+N—l))’ — ABel(011(NI+N-1)-0(2Ni+N-1)-5)

[0414]

For symbol number 2Ni + N (where i is an integer greater than or equal to zero):
15 [0415]

Math 145

Equation 138

q= _éej(gll(ZNHN)—921(2Ni+N)),_ Aq o 1(012(2Ni+N -0, (2Ni+N)-5)

a

20 [0416]
For symbol number 2Ni + N + 1:
[0417]
Math 146
Equation 139
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[0366] 20 For symbol number 2Ni + N (where i is an integer greater than or equal to zero): [0367] Math
121 Equation 114 eis"i2Ni+N) r1(2Ni +1h"(2Ni + N) k2(2Ni + N)(axej(t9ii(2M+N)-fra.b s42Ni + ,r2(2Ni +
N), Va2 +1 ,h2,(2Ni + N)e,(02,(2.)+,1+8) j\s2(2Ni + N), h22(2Ni + N) ,axe 92:2M-frA0 [0368] Here, j is
an imaginary unit. For symbol number 2Ni + N + 1: 5[0369] Math 122 Equation 115 r1(2Ni+N +1)17
h"(2Ni+N +1) h12 (2N + N + 7 e19,1(2mNl)a €)(6111(2MN1)" )*2(2Ni+ N+1)12+ 1 h21 (2Ni + N +1)

h22 (2N + Nq+ 1), 38 g)ﬂﬁgi(ﬁwﬁ;)n@fﬁ%g@mﬁm &) ,'_Z'X‘i; eN it AN AN g Honi N 1))
o

10

15

20

[0418]

When generalized, this equation is as follows.
For symbol number 2Ni+ N+ k (k=0,1, ..., N—1):
[0419]
Math 147
Equation 140

0 = — P i(012(@NIN 1K), NI N+K)) _ A gy 0 (011(2Ni+N+k)-0 5 (2Ni+N +K)-0)
o

[0420]
Furthermore, for symbol number 2Ni + 2N — 1:
[0421]
Math 148
Equation 141

q= _éej(gll(ZNHZN—1)—6)21(2Ni+2N—1)), _ Aaej(@ll(ZNi+2N—1)—021(2Ni+2N—1)—5)
a

[0422]

In this case, if q has the same solution in symbol numbers 2Ni through 2Ni
+ N — 1, then since the channel elements of the direct waves do not greatly fluctuate,
excellent reception quality can no longer be obtained for any of the symbol numbers.
Therefore, it is difficult to achieve the ability to correct errors, even if error
correction codes are introduced. Accordingly, for q not to have the same solution,

Condition #7 or Condition #8 becomes necessary from Equations 134-141 and from
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10[0370] When generalized, this equation is as follows. For symbol number 2Ni + N + k (k =0, 1,N -
1): [0371] Math 123 15 Equation 116 en",,), ( r1(2Ni+ -kk P(h."(2Ni+ +k) h,(2Ni+ N +kr ioaxe ,(0(2.+0+ (
sk2Ni+ N -k kP ,r2(2Ni+ +V2+1,h21(2Ni+ +k) h22(2Ni+ +k) ax 302,(2m+Na) ei(021(2.+0,..+5) s2(2Ni+
N + [0372] For symbol number 2Ni + 2N - 1: 20[0373] Math 124 Equation 117 r1(2Ni+ 2N -1)11h"(2Ni
+2N -hi2(2Ni +2N -1) J2(2Ni +2N -1), 11a 2 + 1 h., (2Ni 2N-1) hn(2Ni +2N \- asi(2Ni+ 2N -1Y e,e

30" (2m+2Ntheefaop fimiNe2. fi-o-vehes) xganing ZM ane 26[o8v43olutions of g which does not

include 5.
[0423]
Math 149
5 Condition #7
e1(011(2NI+X)-09(2Ni+x) . o /(12(2Ni+Y)-021(2Ni+Y))  for wx, Wy (x % y; X,y =012, N = 2,N 1)
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
and
Qi(B1aEN N X0 (2NN ) L o 011(2NI+N+Y)-029NIN V) For vx Wy (x % y: X,y = 012, N —2,N 1)

10 (xis0,1,2,....,N-2,N—1;yis0,1,2, ..., N-2,N—1;and X #y.)

[0424]
Math 150
Condition #8

15 e1(4911(2’\‘”)()‘021(2’\‘”)())¢ e1(911(2’\‘”3’)—921(2'\”“’)) for vx, vy (x # y; X,y =01,2,--- 2N =2 2N 1)

[0425]
In this case, Condition #8 is similar to the conditions described in
Embodiment 1 through Embodiment 3. However, with regards to Condition #7,
20  since a# B, the solution not including 6 among the two solutions of q is a different
solution.
[0426]
Next, design requirements for not only 0,, and 6,,, but also for A and & are
described. It suffices to set A to a certain value; it is then necessary to establish
25 requirements for 6. The following describes the design method for & when A is set to
zero radians.

[0427]

101



In this case, it is assumed that only components of direct waves exist in the channel elements hi 1(0,
h12(0, h21(t), and h22(0, that the amplitude components of the direct waves are all equal, and that
fluctuations do not occur over time. With these assumptions, Equations 110-117 can be represented
as follows. 5 For symbol number 2Ni (where i is an integer greater than or equal to zero): [0375] Math
125 Equation 118 r1(2ATI)\1 A e eimoivi)x1(2,4,y q, fixe2 e m)el(e 21(2 No+2-5) , s1(2N1)\
s2.(2.NO, \r2(2NO, V1B €abe, simiese]therdeiiscnfirobaiging thit pPreaosyngoveighisoby aNi + 1.
[0377] 15 Math 126 E uaé n lll? r1(2Ni +1) 2(2N +1) 0

our-slot pe 10 ?Cyc e), by defining 6 so that n/2 radians< |3| < & radians, excellent

reception quality is achieved, particularly in an LOS environment.

[0428]

5 In symbol numbers 2Ni through 2Ni + 2N — 1, two points q exist where
reception quality becomes poor, and therefore 4N such points exist. In an LOS
environment, in order to achieve excellent characteristics, these 4N points should
each have a different solution. In this case, focusing on amplitude, the following

condition is necessary for Condition #7 or Condition #8, since a # [3.

10 [0429]
Math 151
Condition #9
1
o+ —
15  [0430]

As described above, when a transmission device transmits a plurality of
modulated signals from a plurality of antennas in a MIMO system, the advantageous
effect of improved transmission quality, as compared to conventional spatial
multiplexing MIMO system, is achieved in an LOS environment in which direct

20  waves dominate by hopping between precoding weights regularly over time.
[0431]

In the present embodiment, the structure of the reception device is as
described in Embodiment 1, and in particular with regards to the structure of the
reception device, operations have been described for a limited number of antennas,

25  Dbut the present invention may be embodied in the same way even if the number of

antennas increases. In other words, the number of antennas in the reception device
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1A el gq\7 eit9"(2N-1) 492PN-1) q,,fixe fix e1(t9,1(2m-E0-4 si(2Ni +1)" 1(6) 2,(2N,+0+) +5) sA2Ni +1)
1)62 + 1 Ae' [0378] 20When generalized, this equation is as follows. For symbol number 2Ni + k (k =
0,1, ..., N - 1): [0379] Math 127 Equation 120 fix eAolioNi_Ekyo..)\ s( h2Ni + Ic1\ s2(2Ni + 1c) [0380]
Furthermore, for symbol number 2Ni + N - 1: 5[0381]

does not affect the operations or advantageous effects of the present embodiment.
Furthermore, in the present embodiment, similar to Embodiment 1, the error
correction codes are not limited.

[0432]

5 In the present embodiment, in contrast with Embodiment 1, the method of
changing the precoding weights in the time domain has been described. As
described in Embodiment 1, however, the present invention may be similarly
embodied by changing the precoding weights by using a multi-carrier transmission
method and arranging symbols in the frequency domain and the frequency-time

10  domain. Furthermore, in the present embodiment, symbols other than data symbols,
such as pilot symbols (preamble, unique word, and the like), symbols for control
information, and the like, may be arranged in the frame in any way.

[0433]
(Embodiment 5)

15 In Embodiment 1 through Embodiment 4, the method of regularly hopping
between precoding weights has been described. In the present embodiment, a
modification of this method is described.

[0434]
In Embodiment 1 through Embodiment 4, the method of regularly hopping

20  between precoding weights as in Fig. 6 has been described. In the present
embodiment, a method of regularly hopping between precoding weights that differs
from Fig. 6 is described.

[0435]
As in Fig. 6, this method hops between four different precoding weights

25  (matrices). Fig. 22 shows the hopping method that differs from Fig. 6. In Fig. 22,
four different precoding weights (matrices) are represented as W1, W2, W3, and W4.
(For example, W1 is the precoding weight (matrix) in Equation 37, W2 is the

precoding weight (matrix) in Equation 38, W3 is the precoding weight (matrix) in
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Math 128 Equation 121, 0 r1(2Ni + N -1)1A e ",r2(2Ni + N -02toy elemm+A-1)fix e1(011(2m+A-04
S42N + N - 1012m+N-1)ei(92.10lyHt+8) s2(2Ni + N yx ey\- 10[0382] For symbol number 2Ni + N
(where i is an integer greater than or equal to zero): [0383] Math 129 Equation 122 (r112Ni + 1?71\1
r2(2Ni +2A 'va +1 e [0384] Here, j is an imaginary unit. For symbol number 2Ni + N + 1:

Equation 39, and W4 is the precoding weight (matrix) in Equation 40.) In Fig. 3,
elements that operate in a similar way to Fig. 3 and Fig. 6 bear the same reference
signs.
The parts unique to Fig. 22 are as follows.
5 . The first period (cycle) 2201, the second period (cycle) 2202, the third period
(cycle) 2203, ... are all four-slot periods (cycles).
- A different precoding weight matrix is used in each of the four slots, i.e. W1, W2,
W3, and W4 are each used once.
- It is not necessary for W1, W2, W3, and W4 to be in the same order in the first
10  period (cycle) 2201, the second period (cycle) 2202, the third period (cycle) 2203,

In order to implement this method, a precoding weight generating unit 2200
receives, as an input, a signal regarding a weighting method and outputs information
2210 regarding precoding weights in order for each period (cycle). The weighting
15 unit 600 receives, as inputs, this information, s1(t), and s2(t), performs weighting,
and outputs z1(t) and z2(t).
[0436]
Fig. 23 shows a different weighting method than Fig. 22 for the above
precoding method. In Fig. 23, the difference from Fig. 22 is that a similar method to
20  Fig. 22 is achieved by providing a reordering unit after the weighting unit and by
reordering signals.
[0437]
In Fig. 23, the precoding weight generating unit 2200 receives, as an input,
information 315 regarding a weighting method and outputs information 2210 on
25  precoding weights in the order of precoding weights W1, W2, W3, W4, W1, W2,
W3, W4, .... Accordingly, the weighting unit 600 uses the precoding weights in the
order of precoding weights W1, W2, W3, W4, W1, W2, W3, W4, ... and outputs
precoded signals 2300A and 2300B.
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20[0385] Math 130 Equation 123 r1(2Ni + N +0 \ r2(2Ni + N +0, [0386]
symbol number 2Ni + 2N - 1: [0389] Math 132 Equation 125 15r1(2Ni + 2N -1) \.r2(2Ni + 2N -1),

opm-h2N Ae g e a x eAOi1(2A 4+2N-1Fr111 s1(2Ni+ 2N -1Y +), ,(02,(2N,+2N,}.5)2N -1

10

15

20

25

[0438]

A reordering unit 2300 receives, as inputs, the precoded signals 2300A and
2300B, reorders the precoded signals 2300A and 2300B in the order of the first
period (cycle) 2201, the second period (cycle) 2202, and the third period (cycle)
2203 in Fig. 23, and outputs z1(t) and z2(t).

[0439]

Note that in the above description, the period (cycle) for hopping between
precoding weights has been described as having four slots for the sake of
comparison with Fig. 6. As in Embodiment 1 through Embodiment 4, however, the
present invention may be similarly embodied with a period (cycle) having other than
four slots.

[0440]

Furthermore, in Embodiment 1 through Embodiment 4, and in the above
precoding method, within the period (cycle), the value of 6 and B has been described
as being the same for each slot, but the value of 6 and 3 may change in each slot.
[0441]

As described above, when a transmission device transmits a plurality of
modulated signals from a plurality of antennas in a MIMO system, the advantageous
effect of improved transmission quality, as compared to conventional spatial
multiplexing MIMO system, is achieved in an LOS environment in which direct
waves dominate by hopping between precoding weights regularly over time.

[0442]

In the present embodiment, the structure of the reception device is as
described in Embodiment 1, and in particular with regards to the structure of the
reception device, operations have been described for a limited number of antennas,
but the present invention may be embodied in the same way even if the number of
antennas increases. In other words, the number of antennas in the reception device

does not affect the operations or advantageous effects of the present embodiment.
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1 ejox el2?01 4+2N-1) 1llaz +1 [0390] In Equations 118-125, let A be a real number
and g be a complex number. Equations 118-125 can be represented as follows.

Furthermore, in the present embodiment, similar to Embodiment 1, the error
correction codes are not limited.
[0443]
In the present embodiment, in contrast with Embodiment 1, the method of
5 changing the precoding weights in the time domain has been described. As
described in Embodiment 1, however, the present invention may be similarly
embodied by changing the precoding weights by using a multi-carrier transmission
method and arranging symbols in the frequency domain and the frequency-time
domain. Furthermore, in the present embodiment, symbols other than data symbols,
10  such as pilot symbols (preamble, unique word, and the like), symbols for control
information, and the like, may be arranged in the frame in any way.
[0444]
(Embodiment 6)
In Embodiments 1-4, a method for regularly hopping between precoding
15 weights has been described. In the present embodiment, a method for regularly
hopping between precoding weights is again described, including the content that
has been described in Embodiments 1-4.
[0445]
First, out of consideration of an LOS environment, a method of designing a
20  precoding matrix is described for a 2 x 2 spatial multiplexing MIMO system that
adopts precoding in which feedback from a communication partner is not available.
[0446]
Fig. 30 shows a model of a 2 x 2 spatial multiplexing MIMO system that
adopts precoding in which feedback from a communication partner is not available.
25  Aninformation vector z is encoded and interleaved. As output of the interleaving, an
encoded bit vector u(p) = (uy(p), ux(p)) is acquired (where p is the slot time). Let
ui(p) = (Uir(p), ..., Uin(p)) (where h is the number of transmission bits per symbol).

Letting a signal after modulation (mapping) be s(p) = (s1(p), s2(p))" and a precoding
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20 For symbol number 2Ni (where i is an integer greater than or equal to zero): [0391] Math 133
Equation 126 [0392] Here, j is an imaginary unit. For symbol nhumber 2Ni + 1: 5[0393] Math 134
Equation 127 10[0394] When generalized, this equation is as follows. For symbol number 2Ni + k (k
=0, 1,N - 1): [0395] Math 135 15 Equation 128 + k) 11)62+ 1[ r112Ni +\1 €] 10 ei0,12Ni-kk)fix
ei(011(2.Ni-ko-k4 sk2Ni + 1c1\

matrix be F(p), a precoded symbol x(p) = (xi(p), X»(p))" is represented by the

following equation.

[0447]

Math 152

5 Equation 142

x(p)=(x1(p)x2(P))

=F(p)(p)

[0448]
Accordingly, letting a received vector be y(p) = (y1(p), Y2(p))", the received
10  vector y(p) is represented by the following equation.
[0449]
Math 153
Equation 143

y(p)= (yl( p)’ Y2( p))T
=H(p)F(p)s(p)+n(p)

15
[0450]

In this Equation, H(p) is the channel matrix, n(p) = (ni(p), nx(p))" is the
noise vector, and n;(p) is the i.i.d. complex Gaussian random noise with an average
value 0 and variance o Letting the Rician factor be K, the above equation can be

20  represented as follows.
[0451]
Math 154
Equation 144
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fix €;021(2Ni-kk)21(2Ni-ko-k A-kJ)s212Ni +\ [0396] Furthermore, for symbol number 2Ni + N - 1:
20[0397] Math 136 Equation 129 r1(2Ni + N -1 A el g apvi+N_ifi x e1(011(2vi+N_1)+2-, 7 542Ni + N
-1Y x €3021(2M+N-1) €3(0212M+N-1)+2+4 52(2Ni + N ,r2(2Ni + N112 +1 \ dip [0398] For symbol
number 2Ni + N (where i is an integer greater than or equal to zero): [0399] 5 Math 137 Equation 130

r1(2Ni +
v(0)=(y,(p)y,(P))

[ ) L) (o))

[0452]
In this equation, Hy(p) is the channel matrix for the direct wave components,
5 and Hy(p) is the channel matrix for the scattered wave components. Accordingly, the
channel matrix H(p) is represented as follows.
[0453]
Math 155
Equation 145

H(p)= KK+1 H, (p)+ K1+1Hs(p)
10 _ K hll,d hlZ,d N 1 hll’s(p) hm(p)
K+ Nuy Nosg K+1 hm,s(p) hzz’s(p)

[0454]
In Equation 145, it is assumed that the direct wave environment is uniquely
determined by the positional relationship between transmitters, and that the channel
15 matrix Hgy(p) for the direct wave components does not fluctuate with time.
Furthermore, in the channel matrix Hy(p) for the direct wave components, it is
assumed that as compared to the interval between transmitting antennas, the
probability of an environment with a sufficiently long distance between transmission

and reception devices is high, and therefore that the channel matrix for the direct
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kr2(2Ni + N) [0400] 10Here, j is an imaginary unit. For symbol number 2Ni + N + 1: [0401] Math 138
Equation 131 [0402] When generalized, this equation is as follows. For symbol number 2Ni + N
+k (k=0, 1,N - 1): 20[0403] Math 139 Equation 132 r1(2Ni+ N +r2(2Ni+ N + JO Ala 2 +1 ,e,
jON(2.Ni+N-frk)j(0,,(21Vi+N-frk)-4l axe+ N + axe 302,(2NixNxo0,zi(2NixN-frox xfra)s2(2Ni + N +

wave components can be treated as a non-singular matrix. Accordingly, the channel
matrix Hy(p) is represented as follows.
[0455]
Math 156
5 Equation 146

. hll,d h12,d
H{®= " e

_[Ae" d
/\EBJW q

[0456]
In this equation, let A be a positive real number and g be a complex number.
10  Subsequently, out of consideration of an LOS environment, a method of designing a
precoding matrix is described for a 2 x 2 spatial multiplexing MIMO system that
adopts precoding in which feedback from a communication partner is not available.
[0457]
From Equations 144 and 145, it is difficult to seek a precoding matrix
15  without appropriate feedback in conditions including scattered waves, since it is
difficult to perform analysis under conditions including scattered waves.
Additionally, in a NLOS environment, little degradation in reception quality of data
occurs as compared to an LOS environment. Therefore, the following describes a
method of designing precoding matrices without appropriate feedback in an LOS
20  environment (precoding matrices for a precoding method that hops between
precoding matrices over time).

[0458]
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25[0404] Furthermore, for symbol number 2Ni + 2N - 1: [0405] Math 140 Equation 133 5r1(2Ni 2N -1
eJoea X"(2m+2N-0- sl(2Ni 2N - ,r2(2Ni+2N-1L le 2 j(92,(2M+2N-1)j(thi(2Nz-fr2N-1)-frA.-fra) e s242Ni
2N -11, +l, a 1 ea x [0406] As a result, when q is represented as follows, one of the signals sl and
s2 can no longer be obtained. 10 For symbol number 2Ni (where i is an integer greater than or equal
to zero): [0407] Math 141 Equation 134 g = A A011(2Ni)-021_e A011(210- 0 21(2N )-(5) 15

As described above, since it is difficult to perform analysis under conditions

including scattered waves, an appropriate precoding matrix for a channel matrix

including components of only direct waves is sought from Equations 144 and 145.

Therefore, in Equation 144, the case when the channel matrix includes components
5 of only direct waves is considered. It follows that from Equation 146, Equation 144

can be represented as follows.

[0459]

Math 157

Equation 147

y.(p
y,(p
10 Aej‘/’

=, g F(p)s(p)+n(p)

Ae

; ~ HL (PF(X(p)n(p)

[0460]
In this equation, a unitary matrix is used as the precoding matrix.
Accordingly, the precoding matrix is represented as follows.
15  [0461]
Math 158
Equation 148

20  [0462]
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[0408] For symbol number 2Ni + 1: [0409] Math 142 20 Equation 135 A q
=ikt911t2Ni+1)-(921(2Ni+1)), A/3 e j(6)11(2Ni-ii)-821(2Ni-ii)-(5) 13 [0410] When generalized,
this equation is as follows. 25 For symbol number 2Ni + k (k =0, 1, ...,N- 1): 5[0411] Math 143
Equation 136 A q =ik( en(2Ni+k)-(921(2Ni+k /3 [0412] A/3 e j(6)11(2)t921(2m-ik)-5) Furthermore, for
symbol number 2Ni + N - 1: [0413] Math 144
In this equation, A is a fixed value. Therefore, Equation 147 can be

represented as follows.

[0463]

Math 159

5 Equation 149

y()) 1 (Ae’_w qj[ e axe‘(e“(p)”j(sl(p)}n(p)

yz(p) B aZ 41 AeJW q ax€]021(p) ej(921(p)+l+7r)

[0464]
As is clear from Equation 149, when the reception device performs linear
10  operation of Zero Forcing (ZF) or the Minimum Mean Squared Error (MMSE), the
transmitted bit cannot be determined by s1(p), s2(p). Therefore, the iterative APP (or
iterative Max-log APP) or APP (or Max-log APP) described in Embodiment 1 is
performed (hereafter referred to as Maximum Likelihood (ML) calculation), the
log-likelihood ratio of each bit transmitted in s1(p), s2(p) is sought, and decoding
15  with error correction codes is performed. Accordingly, the following describes a
method of designing a precoding matrix without appropriate feedback in an LOS
environment for a reception device that performs ML calculation.
[0465]
The precoding in Equation 149 is considered. The right-hand side and
20  left-hand side of the first line are multiplied by e?¥, and similarly the right-hand side
and left-hand side of the second line are multiplied by e?*. The following equation
represents the result.
[0466]
Math 160
25 Equation 150
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10 Equation 137 A1 q =A011k2M+N-1)-021(2Ni+NAig don(2Ni+N -0-021(2N +N-1)-(5) [0414] For
symbol number 2Ni + N (where i is an integer greater than or equal to zero): 15[0415] Math 145
Equation 138 A g =e vw2Ni+N)-9242Ni+N)) _ Aa el1(8ii(2Ni+N)-921(2Ni+N)-(5) a 20[0416] For symbol
number 2Ni + N + 1: [0417] Math 146 Equation 139 A q =elk( eil(2M+N +1)-9 21(21W+N +1)),_ Aa
eiG911(2Ni+N+1)-921(2Ni+N +1)-(5) [0418] When generalized, this equation is as follows. 5 For

symbol nu t@rJZI\Xi/Kbl) k(k=0,1, .., N-1): [0419] Math 147
. 1
ey, (p)

o 1 [Aej_‘” q} e@(p) axej(&(pm(slpjm(p)
,0624‘1 Aew q axejen(p) 61(021(p)+/1+n) SZ(p)

l AejO e*jl// q 61911(p> axej<011(p)+/1) Sl<p) —jy
= ( . - jgzl(p) J(@zl(p)MM) +e | n(p)

Jo'+1lAe” e

[0467]

ey (p), e™y,(p), and e7¥q are respectively redefined as y;(p), y»(p), and q.

5  Furthermore, since e*n(p) = (€"*ni(p), e*ny(p))T, and e7*n,(p), e?*n,(p) are the
independent identically distributed (i.i.d.) complex Gaussian random noise with an
average value 0 and variance 6%, e7*n(p) is redefined as n(p). As a result, generality
is not lost by restating Equation 150 as Equation 151.
[0468]

10 Math 161

Equation 151

1 (Ap® q) @ axei(&l(w)(sl((p))]m(p)

o i0,,(p) i@, (pHatz
Jo +1\Ae dlaxe O e 0. | \s2(p
[0469]
15 Next, Equation 151 is transformed into Equation 152 for the sake of clarity.
[0470]
Math 162

Equation 152
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Equation 140 A .( q =e1k2Ni(921(2Ni-FN +0), A a eiG911(2Ni+N+k)-(921(2Ni+N+k)-8) a 10 [0420]
Furthermore, for symbol number 2Ni + 2N - 1: [0421] Math 148 15 Equation 141 A q =eik ./Olik2N
2N-0-0 21(2Ni+2N-1)), _ Aa e j(6)11(2Ni+2N-1)-021(2Ni+2N-1)-(5) i+ [0422] In this case, if g has the
same solution in symbol numbers 2Ni through 2Ni 20 + N - 1, then since the channel elements of the
direct waves do not greatly fluctuate, excellent reception quality can no longer be obtained for any of
the symbol tgl@'); Therefore, it is difficult to achieve the ability to correct errors, even if error
correction cpdes are introduced. Accordingly, for g not to have the same solution, Condition #7 or
Condition # s necessary from Equations 134-141 and from the fact that13 when focusing on
one of two setlfions-of g which does not include S. [0423] Math 149

1 jo i0.4(p) o i@ (p)2) (sl(p)

) Vo | e xe
T2 | A0 (Aej q 104(P) i(9oip)eaer) Sz(p)j_'_ n(p)

o +1\€ axe €

[0471]
In this case, letting the minimum Euclidian distance between a received
5  signal point and a received candidate signal point be dn;.>, then a poor point has a
minimum value of zero for dyi,?, and two values of g exist at which conditions are
poor in that all of the bits transmitted by s1(p) and all of the bits transmitted by s2(p)
being eliminated.
[0472]
10 In Equation 152, when s1(p) does not exist.
[0473]
Math 163

Equation 153

q=-2pi0.r0.00)

(04

15
[0474]
In Equation 152, when s2(p) does not exist.
[0475]
Math 164
20  Equation 154

0= A ej(@l(p)—@l(p)—n)
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5 Condition #7 itent2m+4-021(2Ni+4)t e1(011(2Ni+Y)-021(2Ni+Y))for VX, Vy (xty; X,y =0,1,2, , N -
2N-1)(xis0,1,2,..,N-2,N-1;yis0,1,2,..,N-2,N-1;and x y.) and e11(2Ni- fr -fr 4-0
21(2Ni-fr N .0) # e AOH(2- frNi0 21(2Ni-fr N A for Yx, Vy (xy; X,y =0,1,2, ,N-2,N-1) 10(xis 0,1,
2,...,N-2,N- Eyis 0, 1, 2,...,N- 2,N-1;andx#y.) [0424] Math 150 Condition #8 15ito(2Ari+x)- e 11
021(2m+ x)) ei(Ort(2Ni+ y)-021(2Ni+y)) for Vx, Vy (xy X,y =0,1,2, ,2N - 2,2N -1) [0425] In this
case, Condition #8 is similar to the conditions described in Embodiment 1 through Embodiment 3.
However, Wfth regards to Condition #7, 20 since a #13, the solution not including 6 among the two
solutions of 84§ different solution. [0426] Next, design requirements for not only Oil and 012, but

s RS, SISl 1,1 QRSHSNGS iy coovlen
[0427]  rdgpHvseageehimidtdaihesoethedmighpnainddhelripaading welghts in a four-slot period
(cycle), by defining .3 so that )1/2 radians < .3 < TE radians, excellent reception quality is achieved,
particufarly in an LO¥henvirgumatient153 is satisfied, since all of the bits transmitted by s1(p) are
eliminated, the received log-likelihood ratio cannot be sought for any of the bits
transmitted by s1(p). When Equation 154 is satisfied, since all of the bits transmitted
by s2(p) are eliminated, the received log-likelihood ratio cannot be sought for any of
the bits transmitted by s2(p).
10  [0477]
A broadcast/multicast transmission system that does not change the
precoding matrix is now considered. In this case, a system model is considered in
which a base station transmits modulated signals using a precoding method that does
not hop between precoding matrices, and a plurality of terminals (I" terminals)
15  receive the modulated signals transmitted by the base station.
[0478]
It is considered that the conditions of direct waves between the base station
and the terminals change little over time. Therefore, from Equations 153 and 154,
for a terminal that is in a position fitting the conditions of Equation 155 or Equation
20 156 and that is in an LOS environment where the Rician factor is large, the
possibility of degradation in the reception quality of data exists. Accordingly, to
resolve this problem, it is necessary to change the precoding matrix over time.
[0479]
Math 165
25  Equation 155
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[0428] 5In symbol numbers 2Ni through 2Ni + 2N - 1, two points g exist where reception quality
becomes poor, and therefore 4N such points exist. In an LOS environment, in order to achieve
excellent characteristics, these 4N points should each have a different solution. In this case, focusing
on amplitude, the following condition is necessary for Condition #7 or Condition #8, since a 13.
10[0429] Math 151 Condition #9 15[0430] As described above, when a transmission device
transmits a plurality of modulated signals from a plurality of antennas in a MEMO system, the
advantageous efi)ct of improved transmission quality, as compared to conventional spatial
multlplexm %ﬁ\q system, is achieved in an LOS environment in which direct 20 waves dominate by
hopping bewgﬁlnlg@codmg weights regularly over time. [0431] In the present embodiment, the
structure of the reception device is as described in Embodiment 1, and in particular with regards to the
structure ofEhaa@@egmn device, operations have been described for a limited number of antennas, 25
but the present invention may be embodied in the same way even if the number of antennas
increases. In other words, th QJW (? ép t)e as in the reception device does not affect the
operatigns dEIa@Van dits of fifé present embodiment. Furthermore, in the present
embodiment, similar to Embodiment 1, the error correction codes are not limited. [0432] 5In the
present embodiment, in contrast with Embodiment 1, the method of changing the precoding weights in
the time domain has been described. As described in Embodiment 1, however, the present invention
may be simfa81gmbodied by changing the precoding weights by using a multi-carrier transmission
method and arranging symbols in the frequency domain and the frequency-time 10 domain.
Furthermore, in theArewihoembdankaity shampang dpbreparniRaadiyin by eRICIOES #idtnsymbols
(preamble, un| ue word anggh g boI for control information, and the like, m arranged
i tho fram T ai R SN SO THERRES: BRI E RS IR ERGATIRD, the
methcgbof rﬁ%ﬁgm leng between precodlng weights has been described. In the present
embodiment, a moditication of this method is described.

[0482]
Since there are N slots in the time period (cycle), N varieties of precoding
matrices F[i] based on Equation 148 are prepared (i =0, 1, ..., N — 1). In this case,

the precoding matrices F[i] are represented as follows.

15 [0483]
Math 167
Equation 157
1.0 i(9,i1+2)
Fli]= — e %€
> 1021 j(@ﬂ[i ]+/1+7r)
o t1\aXe e

20  [0484]

In this equation, let o not change over time, and let A also not change over
time (though change over time may be allowed).

[0485]
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[0434] In Embodiment 1 through Embodiment 4, the method of regularly hopping 20 between
precoding weights as in Fig. 6 has been described. In the present embodiment, a method of regularly
hopping between precoding weights that differs from Fig. 6 is described. [0435] As in Fig. 6, this
method hops between four different precoding weights 25 (matrices). Fig. 22 shows the hopping
method that differs from Fig. 6. In Fig. 22, four different precoding weights (matrices) are represented
as W1, W2, W3, arfss\W4E (resdéemiple AVLIssthieeppreedidie ghaksiyhisee dorisd i g pagiedtled, W2 is the

precoding weight (matrix) in Equatian 38, W3 is the precoding weight_(matrix) jn Equation 39, and W4
is the precod T (Maﬁﬁ&)ﬁﬁséalﬁ%ﬂ'%.)lﬂ? If&f %m@lﬁnéﬂfs*'tﬂzﬁ’@}%galfe'?rgg UVeRsF way to

Fig. 3 and Fig,. KINs. The, pe ' Ei f . 5 The first
porioc (eyci oS L S ek 320 the hind BeRad (ytle S0 2 U oursot

periods (cy¢®e]A different precoding weight matrix is used in each of the four slots, i.e. WI, W2, W3,
and W4 are each used once. Itis not necessary for Wl, W2, W3, and W4 to be in the same order in
the firsb10period (cfdl#h)i2Rromtthassscond pertiensclebly bR tHesiph ¢ padivaieyord) 206, In
order to implement this method, a precoding wejght generating unit 2200 recejves, as an input, a
Cignal regad T RB A 1R e Or At oS ATEE RSB B G ocimg weights i
order for eam] iod (cycle). The weighting 15unit 600 receives, as inputs, this information, s 1(t), and
s2(t), performs weighting, and outputs zl(t) and z2(t). [0436] Fig. 23 shows a different weighting
method thapkig.188 for the above precoding method. In Fig. 23, the difference from Fig. 22 is that a
similar method to 20 Fig. 22 is achieved by providing a reordering unit after the weighting unit and by
reordering $SignAision#30] In Fig. 23, the precoding weight generating unit 2200 receives, as an

input, information 315 regarding a weighting method and outputs information 2210 on 25 precoding
Weigh:[Qin tﬁ@@r%’? ?Brecoding weights WI, W2, W3, W4, WI, W2, W3, W4, .... Accordingly, the

W2 W3, Wi ok gt et A ana 23008 0ase]

forvx, vy (x=vy; x,y=01,---,N -1)

[0488]
Math 169

15 Condition #11
Equation 159

ej(en[x]—eﬂ[x]—z) ‘@

forvx,vy (x=vy; x,y=071---,N-1)

i@, yFa,lvl~)

[0489]

20 From Condition #10, in all of the I'" terminals, there is one slot or less
having poor reception points for s1 among the N slots in a time period (cycle).
Accordingly, the log-likelihood ratio for bits transmitted by s1(p) can be obtained
for at least N — 1 slots. Similarly, from Condition #11, in all of the I' terminals, there

Is one slot or less having poor reception points for s2 among the N slots in a time
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A reordering unit 2300 receives, as inputs, the precoded signals 2300A and 2300B, reorders the
precoded signals 2300A and 2300B in the order of the first period (cycle) 2201, the second period
(cycle) 2202, and the third period (cycle) 52203 in Fig. 23, and outputs z1(t) and z2(t). [0439] Note
that in the above description, the period (cycle) for hopping between precoding weights has been
described as having four slots for the sake of comparison with Fig. 6. As in Embodiment 1 through
Embodimerpesicdoieysie), tecotlprebetbenhagntitsel inegdbatsintnamis transoiddediby a3tpyioen(cycle)
having other than four slots. [044%] Furthermore, in Embodiment 1 through Embodiment 4, and in
the above ﬁ%@gm%%}ﬁ%,e\ﬂﬁ{ [ _tﬂesb(gﬁod (cycle), the value of .3 and 13 has been described 15
as being tthoa@me for each slot, but the value of .3 and 13 may change in each slot. [0441] As
described above; when a transmission device transmits a plurality of modulated signals from a plurality

of antennas in a MEMis\wtsMbihpradidintperopreedigipigomanioresd dgrentitis iproavditiores
compared to conventional spatial 20 multiplexing MIMO system, is achieved in an LOS environment in

which @irectth2nagsl dopnisiienby Ho pibit gy biedes cof grids doih yviisit b réaflakBliboe tikao [(442] In the
present embodiment, the structure of the reception device is as described in. Embodiment 1, and in
barioular WARAE AT A Fe BT U G DY Do RFE B hA0b HERRY dB orimedfor

a limited nupabsfiABIR PR RUGH ﬁ&%ﬁ&ﬂ@%@tlﬂ&%ﬁs ﬁmm@g%ﬂg@%ﬂﬁwoeven if the

number of antennas increases. In other wo he number of anten reception device does

not affect the: QaeEAtioNs ef@tvaiagadusealiaaibhef thanrese EmbadimRNherstherMeeg] in the
present embodiment, similar to Embodiment 1, the error correction codes are not limited. [0443] In the

present embbdiradntfémuoatsast vistreEmidottichéhatl ddgsadmiho dobf drehaegipgaheipadicpding weights

in the time domain has been described. As described in Embqdiment 1, however, the present
:nvenlJrIQn m ﬂ%%; ifgrﬁp aﬁ&drBQrEﬁ%%\ﬂMetﬁQeg?é@%i IWE?@#@%\A{JS\%Qamulti-carrier

transmissiog) od and arranging symbols in the frequency domain and the frequency-time domain.
Furthermore, in the present embodiment, symbols other than data symbols, 10such as pilot symbols

(preamble, unique Woed feltsliheg likswsyarbelafapieontral préeonriipmaarist thethisepraeydhgyarranged
in the frame in any way.

hopping method.

[0492]

15 The probability density distribution of the phase of a direct wave can be
considered to be evenly distributed over [0 2x]. Therefore, the probability density
distribution of the phase of q in Equations 151 and 152 can also be considered to be
evenly distributed over [0 2m]. Accordingly, the following is established as a
condition for providing fair data reception quality insofar as possible for I" terminals

20  inthe same LOS environment in which only the phase of q differs.

Condition #12

When using a precoding hopping method with an N-slot time period (cycle),
among the N slots in the time period (cycle), the poor reception points for sl are
arranged to have an even distribution in terms of phase, and the poor reception

25  points for s2 are arranged to have an even distribution in terms of phase.

[0493]
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[0444] (Embodiment 6) In Embodiments 1-4, a method for regularly hopping between precoding 15
weights has been described. In the present embodiment, a method for regularly hopping between
precoding weights is again described, including the content that has been described in Embodiments
1-4. [0445] First, out of consideration of an LOS environment, a method of designing a 20 precoding
matrix is described for a 2 x 2 spatial multiplexing MIMO system that adopts precoding in which
feedback from a corhafaltanibrgptasaabes aotexaaplelef [@p1ejodingRgatsx sndes preediegof a 2 x 2

spatial multjplexing MEMO system that adopts precoding in which feedback from a_ communication
oortner 1 nEPBRATLEIE 58] RACHA A R B LD A N iR GG b the
interleaving

' =8.11(p), u2(p)) is acquired (where p is the slot time). Let
1) < (BT s MRt 2ol

e number of transmission bits per symbol). Letting a signal after
modulation (mapiing¥e s(p) = (sl(p), s2(p))T and a precoding matrix be F(p), a precoded symbol
X(p) = (Op), x2(p))T is represented by the following equation. [0447] Math 152 5 Equation 142 x(p) =

(xi(P),R(P))T = F(F)strhgauugher of slotedbidibiinettipryiaddeynlenhee8idn ssdampio=sayithy, y2(p))T,
e s A SR s i P ohatien: B hasang HEsbiRg" 1
method with an N = 8 time period (cycle) are provided as in the following equation.
[0494]
Math 170
10  Equation 160
jo io

ife’ e
=l ol

[0495]
Here, j is an imaginary unit, and i = 0, 1, ..., 7. Instead of Equation 160,
15  Equation 161 may be provided (where A and 0,4[i] do not change over time (though
change may be allowed)).
[0496]
Math 171
Equation 161

L1 ejen[i] ej(gu[w)
20 F[I]_ ﬁ 1(9 [i]+i”) j[@ [i]+‘”+z+ﬁ)
e 14 e 4

[0497]
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In this Equation, H(p) is the channel matrix, n(p) = (ni(p), n2(p))T is the noise vector, and n1(p) is the
i.i.d. complex Gaussian random noise with an average value 0 and variance u2. Letting the Rician
factor be K, the above equation can be 20 represented as follows. [0451] Math 154 Equation 144 y(p)
= (yl(p), y2(p)Y =(A71 K+1 Hd(P) 11K1+1 Hs (p) F (P)s(P) [0452] In this equation, Hd(p) is the
channel matrix for the direct wave components, 5 and H(p) is the channel matrix for the scattered
wave components. Aceoidingly, the: potrieet phimi R forreprsksdibesnelrins. Fms SLMath 155

Equation 145 Hd(P)4K+1H s(P) K +1 10K _hii,d 11221 K +1 h r21,d h2241K+1 hii,,(P) hu,s(P
L5 () 300RE. (RIS, B A Lo (S O E PR a3 D AL A VGRS S cicrsly
determined e esiionghs @ﬁcggfgsﬁmég&aweowaa SEltterso 20 that e, GaABRekE mairix Ha(p)

for the direct wave com es’not fluctuate W|t time.
163 may be provided (where i =0, 1, ..., 7, and where A and 64;[i] do not change

5 over time (though change may be allowed)).
[0498]
Math 172
Equation 162

1(e”  e”
Fli — { ir
) ol
10
[0499]
Math 173
Equation 163
9,01 i(@,lik2)
Flil-—| © LA
\/7 (Qﬂ j ej(gn[l]—4+/l+7rj
15

[0500]
Next, the following is established as a condition, different from Condition
#12, for providing fair data reception quality insofar as possible for I' terminals in
the same LOS environment in which only the phase of q differs.
20  Condition #13
When using a precoding hopping method with an N-slot time period (cycle),
in addition to the condition

[0501]
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Furthermore, in the channel matrix Hd(p) for the direct wave components, it is assumed that as
compared to the interval between transmitting antennas, the probability of an environment with a
sufficiently long distance between transmission and reception devices is high, and therefore that the
channel matrix for the direct wave components can be treated as a non-singular matrix. Accordingly,
the channel matrix Hd(p) is represented as follows. [0455] Math 156 5 Equation 146 Hd(P)= h12,d
h22,d) g | [MEB]LMthis equation, let A be a positive real number and q be a complex number. 10
Subsequently, out of consideration of an LOS environment, a method of designing a precoding matrix
is describe(FﬂH‘ag%%g%patial multiplexing MIMO system that adopts precoding in which feedback
from a communication partner is not available, [0457] From Equations 144 and 145, it is difficult to

seek a precgﬁ(@,l[ﬁ]al?@g[ﬂ}sggv' ieYﬂrpﬂab’r}aﬁ feeqiaﬁ,c\(/'?@ c@gditi Rs' c_lqgiifg scaijereghwaves,
iC udin

since it is difcult to perform aaalysis under conditions inc scattéred waves. Additiorally, in a
NLOS environment, little degradation in reception quality of data occurs as compared to an LOS
environment. Therefore, the following describes a method of designing precoding matrices without
appropriate fee(?%aack in an LOS 20 environment (precoding matrices for a precoding method that hops
betweeh prg?:% g matrices over time). [0458] As described above, since it is difficult to perform

analysis ungigy 5986@@8 iiB‘E'EﬂLH% ?gf"@fr&?dWﬁé"P%o?’?g%@Bf%%ﬁwPﬁSPq'ﬁ‘Qré“ém?ﬁg%f_j &l?fha””e'

matrix including comporients nly direct waves Is sought from Equations 144 and 145. Therefore, in

Equation 144, fhearaseeviiistribatibianviel mapbcindystes comenBntsdisoirotiy dingstpaevds is
considered. It follows that from Equation 146, Equation 144 can be represented as follows.

(cycle).
[0503]
10 The following describes an example of a precoding matrix in the precoding
hopping method based on Condition #10, Condition #11, and Condition #13. Let a =
1.0 in the precoding matrix in Equation 157.
(Example #6)
Let the number of slots N in the time period (cycle) be 4. Precoding
15 matrices for a precoding hopping method with an N = 4 time period (cycle) are
provided as in the following equation.
[0504]
Math 175
Equation 165

20

[0505]
Here, j is an imaginary unit, and i = 0, 1, 2, 3. Instead of Equation 165,
Equation 166 may be provided (where A and 0y;[i] do not change over time (though

25 change may be allowed)).
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[0459] Math 157 Equation 147 ('(P)\ = H (p)F(P)s(P)+n(p) [0460] In this equation, a unitary matrix is
used as the Accordingly, the precoding matrix is represented as follows. 15[0461] Math 158 Equation
148 precoding matrix. 1en911(p) F (p) - a2 +1 &xej21(P) aeic911(p)d-\i* e121(1+ A-Hz) 20[0462]

10

15

20

[0506]
Math 176
Equation 166

10, i@, li}2)
e e

Flil= ( Sors) o)

[0507]

Accordingly, the poor reception points for s1 and s2 become as in Fig. 32.
(In Fig. 32, the horizontal axis is the real axis, and the vertical axis is the imaginary
axis.) Instead of Equations 165 and 166, Equations 167 and 168 may be provided
(where i =0, 1, 2, 3, and where A and 04,[i] do not change over time (though change
may be allowed)).
[0508]
Math 177
Equation 167

[0509]
Math 178
Equation 168

elell[ ] ej(ell[i]+/1)

= glowr) glosson

Fli
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In this equation, X, is represented as follows. [0463] Math 159 5 Equation 149 a fixed value. Therefore.
Equation 147 can be 7 1A ejvYi(Pr 2A 1/ a + 1 eJeii(p) Jez,(p) q ,axe axesl(p) ei8zi(p)+2.--)
,S2(p) [0464] As is clear from Equation 149, when the reception device performs linear 10 operation of
Zero Forcing (ZF) or the Minimum Mean Squared Error (MMSE), the transmitted bit cannot be
determined by sl(p), s2(p). Therefore, the iterative APP (or iterative Max-log APP) or APP (or Max-log
APP) descr[6880h Embodiment 1 is performed (hereafter referred to as Maximum Likelihood (ML)
calculation), the log-likelihood ratio of each bit transmitted in sl(p), s2(p) is sQught, and decoding 15
with error correctioﬂ“@é&@sqﬁeﬁgﬁsfgmpmmﬁﬁah ,?H@%mﬁﬁha'?&éﬂﬁgy Sr#@ﬁ%'@%ﬁ'designing a
precoding TE%&IF without appropriate feedback in an LOS environment for a reception device that
performs ML ca Julation. [0465] The precoding in Equation 149 is considered. The right-hand side and
20 left-hand side ofpsagefirstdine pe@dtioriplie byl pretsdimtpriyniie sghthraschsige andereft-hand
side of the second line are multiplied by eJT. The following equation represents the result.

5 consideration are represented as follows.

[0512]
Math 179
Equation 169

F(p): 1 eJHl.l(P) aXeJ(HM(p)M)
2 i0,,(p) i@, (P)+4+5)
Vo tllaxe e

10

[0513]

Equations corresponding to Equations 151 and 152 are represented as

follows.

[0514]
15 Math 180

Equation 170

y.(p)
y,(p)

:# AeJO q ejel-l(p) axej(en(p}%) (Sl(p)j_i_n(p)
Ja'+1lAe” a) gxe’®" g0 s2(p)
[0515]
20 Math 181

Equation 171
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[0466] Math 160 25 Equation 150 J17Ae'a2 1e (JO 1 Ate Jo a2 1 e g\(edam den(p) ,,axe gq\(
ede"(p) den(p) iaxe \(6)11(P)+21 ( s1(p) aeX42i(p)th4 s2.09), axe (2i1,18},11(P )+ c)\:

10.,(p) i(9,(p)4)
—# e jo ejé}ll axe " Sl(p)
- 2+1[e10](Ae a J921 ej(eﬂ(p)‘ﬂﬁé‘) SZ(p) +n(p)

[0516]
In this case, there are two g at which the minimum value dp,° of the
5 Euclidian distance between a received signal point and a received candidate signal
point is zero.
[0517]
In Equation 171, when s1(p) does not exist:
[0518]
10 Math 182
Equation 172

[0519]
In Equation 171, when s2(p) does not exist:
15 [0520]
Math 183
Equation 173

q — Aae (911 gzl )

20  [0521]
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ss 2tpc n(P)} e-jw n(P) [0467] ( eiwyl(p), e'Py2(p), and e'Pq are respectively redefined as yi(p), y2(p),
and g. 5 Furthermore, since eiwn(p) = (e'Pni(p), eiwn2(p)fr, and efljni(p), eiwn2(p) are the independent
identically distributed (i.i.d.) complex Gaussian random noise with an average value 0 and variance
(72, eiwn(p) is redefined as n(p). As a result, generality is not lost by restating Equation 150 as
Equation 151. [0468] 10 Math 161 Equation 151 y1(P)1 ,Y2.04j 1Ae,o Va2 +1 Ae'j ,9"(p) eJ J,921(p) q
,axe axeic9"(p)2)i(sl(p)theopraaering d)epri9y)-Palmyd[Fas SNl Sivelet, Haeaperiab{dyaeindigrmed into

Equation 152 for.the sake of_clari'%. . . i .
referring to Equation 169, N varieties of the precoding matrix F[i] are represented as

follows.
[0522]
5 Math 184

Equation 174

j i j i+
it N ax(e (911[])>

2 i9,,[i] i@, lilka+s
o tl\axe e
[0523]
10 In this equation, let o and & not change over time. At this point, based on

Equations 34 and 35, design conditions such as the following are provided for the
precoding matrices for precoding hopping.
[0524]
Math 185
15 Condition #14
Equation 175

ei(eﬂ[xl—em[xl) ‘@

for vx,vy (x=vy; x,y=01---,N-=1)

(@10,

[0525]

20 Math 186
Condition #15
Equation 176

124



[0470] Math 162 Equation 152 1YI(P)1 2(P)j [ef01(Aej Va2 +1 6/ J02,(p) axe j(9ii(J4HA)( si(p)) axe
el(82,1 (P)+A) Lv2(p)) 11'1 [0471] In this case, letting the minimum Euclidian distance between a
received 5 signal point and a received candidate signal point be dim:, then a poor point has a
minimum value of zero for d2, and two values of g exist at which conditions are poor in that all of the
bits transmitted by sl(p) and all of the bits transmitted by s2(p) being eliminated. [0472] 10In Equation

152, when sel(pﬁgil(pp@ﬂg}dgt)Eg?@{@@@ﬂﬁq@}mon 153 q=eJ011(p)-021(P))
forvx,vy (x=vy; x,y=01---,N-1)

[0526]
(Example #7)

5 Let o = 1.0 in the precoding matrix in Equation 174. Let the number of slots
N in the time period (cycle) be 16. In order to satisfy Condition #12, Condition #14,
and Condition #15, precoding matrices for a precoding hopping method with an N =
16 time period (cycle) are provided as in the following equations.

[0527]

10 Fori=0,1,...,7:
[0528]
Math 187
Equation 177

15
[0529]
Fori=8§,9, ..., 15:
[0530]
Math 188
20 Equation 178

ir (i, 7x
i L[e’s elt
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a 15 [0474] In Equation 152, when s2(p) does not exist. [0475] Math 164 20 Equation 154 g =-A a
e1(011(P)-021(p)-4 [0476] (Hereinafter, the values of q satisfying Equations 153 and 154 are
respectively referred to as "poor reception points for sl and s2"). 5When Equation 153 is satisfied,
since all of the bits transmitted by sl (p) are eliminated, the received log-likelihood ratio cannot be
sought for any of the bits transmitted by sl(p). When Equation 154 is satisfied, since all of the bits
transmitted [0p3Lp) are eliminated, the received log-likelihood ratio cannot be sought for any of the

bits transmitted by s2(p). 10[0477] A broadcast/multicast trapsmission system that does not
change the precodiﬁ{jﬂpf'ﬁgf f§'n%\Br@Bﬂ@HQrg}ﬁtm‘tﬁi@tcg@?ré £§@i’érﬁqﬂ |?slc78n§m£ﬂe7§ in which a

base statior&atmgg ' ?/rgl&fjh% §\i,gnals using a precoding method that does not hop between
precoding matrices, ar{ ap t?@?t%/ of terminals (I- terminals) 15 receive the modulated signals

transmitted [ipg30$ base station. [0478] It is considered that the conditions of direct waves between
the base station and the terminals change little over time. Therefore, from Equations 153 and 154, for
a termibal thaft isirDalpesitién fitting the conditions of Equation 155 or Equation 20156 and that is in an
LOS enviroEéE where the Rician factor is large, the possibility of degradation in the reception quality
of data exisks: ordingly, to resolve this problem, it is necessary to change the precoding matrix over
time. [O479M4ﬂ1ihlé§5 25 Equation 155 A Mii(P)-021(P)) qae

Equation 179

0,1 i(0,0i12)
Flil=—| © ©

\/E ej(ell[i]JriZ] ej(ﬁll[i]+i:1[+l+7g)

10
[0534]
Fori=8§,9, ..., 15:
[0535]
Math 190
15 Equation 180

. i . i Tz

F[I] - 1 ej(@ﬂ[l ]+4j ej(&ﬂ[l ]+4+l+8j

J2|  Li6ud] i(6,01-4)

e e

[0536]

Accordingly, the poor reception points for s1 and s2 become as in Figs. 33A
20 and 33B.
[0537]

126



[0480] Math 166 Equation 156 5q -ft-, -A a ej(61n(P)-6121(P)-7r) [0481] A method of regularly
hopping between precoding matrices over a time period (cycle) with N slots (hereinafter referred to as
a precoding hopping method) 10is considered. [0482] Since there are N slots in the time period
(cycle), N varieties of precoding matrices F[i] based on Equation 148 are prepared (i=0, 1, N - 1). In
this case, the precoding matrices FJ[i] are represented as follows. 15[0483] Math 167 Equation 157
eionfilaxe F[iln 1 d2n+kige GANiiD23B+thesmoipasal axisistHie seflaarin, ddahverigrde over

i Embodii 1 F1 T HIBEBAY MEITAELALE S frobdd ORIk i in
S B B Lo
such as the[0538]
5 Fori=0,1,..7:
[0539]
Math 191
Equation 181

- 1 ejO eJO
Flijl=—=| (liry (i 1z
7l ol
10
[0540]
Fori=8,9,...,15:
[0541]
Math 192

15 Equation 182

Fli

FHe ¢

[0542]
or
20 Fori=0,1,..,7:
[0543]
Math 193
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following are important for the precoding matrices for precoding hopping. [0487] Math 168 Condition
#10 10 Equation 158 el(a[]-1921[4# el(on21[Y]) for VX, Vy (x=y; x,y=0,1,,N -1) [0488] Math 169 15
Condition #11 Equation 159 el(on[x]-021# ei(on[H-on[H-R-) for VX, Vy (x=y; x,y=0,1,,N -1) [0489]
20From Condition #10, in all of the F terminals, there is one slot or less haying poor reception points
for s 1 among the N slots in a time period (cycle). Accordingly, the log-likelihood ratio for bits
transmitted byualioN &3 be obtained for at least N - 1 slots. Similarly, from Condition #11, in all of the F
terminals, there is one slot or less haying poor reception points for s2 among the N slots in a time
period (cycle). Accordinglyy the lo kﬁ ihood ratio for@é an mitted by s2(p) can be obtained for at
least N - 1 slots. [O490lln this /By providing t é matrik design model of Condition 5 #10
and Conditi¢a 1 L=the numberof blts for.which the’log- |Ike|lh0 atio is obtained among the bits
transmitted by'sKp), ag@t e nmn@eﬁﬂ;ﬁﬁ for w Eﬂefagﬁln(eﬁh d ratio is obtained among the bits
transmitted by s2(p) i dto be r greatér tharPa/fiked number in all of the F
terminals. Therefore, in all of the F termlnals |t is considered that degradation of data reception quality
is 10 moderated in an LOS environment where the Rician factor is large. [0491] The following
shows an example of a precoding matrix in the precoding hopping method. [0492] 15The probability
density distriutign of the phase of a direct wave can be considered to be evenly distributed over [0 24
Therefore, the probability density distribution of the phase of g in Equations 151 and 152 can also be
considgred o he=egenly digmibuted over [0 24 Accordingly, the following is established as a condition

for providing fair data reception quality insofar as possible for F terminals
[0545]

Math 194
Equation 184

o L[elon) glowse
= o0l 010,012

10
[0546]
(In Equations 177-184, 7n/8 may be changed to -77/8.)
Next, the following is established as a condition, different from Condition
#12, for providing fair data reception quality insofar as possible for I' terminals in
15  the same LOS environment in which only the phase of q differs.
Condition #16
When using a precoding hopping method with an N-slot time period (cycle),
the following condition is set:
[0547]
20  Math 195
Equation 185

128



20 in the same LOS environment in which only the phase of q differs. Condition #12 When using a
precoding hopping method with an N-slot time period (cycle), among the N slots in the time period
(cycle), the poor reception points for sl are arranged to have an even distribution in terms of phase,
and the poor reception 25 points for s2 are arranged to have an even distribution in terms of phase
[0493] The following describes an example of a precoding matrix in the precoding hopping method

based on Congdjgan#40rihroug ligon #12. Let a = 1.0 in the precoding matrix in Equation 157.
(Example #§ g@ﬁ‘? t]he %[ul]r}rfﬁ@[(})@?{gtg %)]:[zﬁhz timef PENBE(F¥le) 0%,8/ 1 Brder-ta Mhtisfl) Condition

#10 through Condition #12, precoding matrices for a precoding hopping method with an N = 8 time
period (cycle) are provided as in the following equation. [0494] Math 170 10 Equation 160 JOp 1 e
"Nain- iff+Tr) e 4 [0495] Here, jis an imaginary unit, and i =0, 1, ..., 7. Instead of Equation 160,
15 EquatiorjgggBmay be provided (where X, and 011[i] do not change over time (though change may
be allowed)). [0496] Math 171 Equation 161

and the poor reception points for s1 and the poor reception points for s2 are

5 arranged to be in an even distribution with respect to phase in the N slots in the time
period (cycle).
[0549]

The following describes an example of a precoding matrix in the precoding

hopping method based on Condition #14, Condition #15, and Condition #16. Let a =
10 1.0 in the precoding matrix in Equation 174.
(Example #8)

Let the number of slots N in the time period (cycle) be 8. Precoding
matrices for a precoding hopping method with an N = 8 time period (cycle) are
provided as in the following equation.

15  [0550]
Math 196

Equation 186
i0 jo

Life” e
U=l ol

20 [0551]
Here,i=0,1, ..., 7.
[0552]
Furthermore, a precoding matrix that differs from Equation 186 can be
provided as follows (wherei=0, 1, ..., 7, and where A and 64[i] do not change over

25  time (though change may be allowed)).
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[0497]

Accordingly, the poor reception points for sl and s2 become as in Figs. 31A and 31B. (In

Figs. 31A and 31B, the horizontal axis is the real axis, and the vertical axis is the imaginary axis.)
Instead of Equations 160 and 161, Equations 162 and 163 may be provided (wherei=0, 1, ..., 7, and
where X, and 011[i] do not change 5 over time (though change may be allowed)). [0498] Math 172
Equation 1EE2 J0JOj7j7) 7in-e4)e\4 10 [0499] Math 173 Equation 163

05

10

15

20

53]
Math 197

Equation 187

Eejéﬁi] EBNZ%JH+1)

= ( Joars) o

Fli

[0554]

Accordingly, the poor reception points for s1 and s2 become as in Fig. 34.
Instead of Equations 186 and 187, precoding matrices may be provided as follows
(where i = 0, 1, ..., 7, and where A and 04[i] do not change over time (though
change may be allowed)).
[0555]
Math 198
Equation 188

[0556]

or
[0557]
Math 199
Equation 189



leial[i] ei(al[i]d-x) e'19ii[i] TH-AH-ff 15 J 0/111-1-14 [0500] Next, the following is established as a
condition, different from Condition #12, for providing fair data reception quality insofar as possible for L
terminals in the same LOS environment in which only the phase of q differs. 20 Condition #13

When using a precoding hopping method with an N-slot time period (cycle), in addition to the condition
[0501] Math 174 Equation 164 ei(t9"ki-t92,[4, e/t9"[yi-t92,[y]-2r)for Vx, Vy (x,y =0,1,,N -1) 5[0502] the
poor reception points for sl and the poor reception points for s2 are arranged to be in an even
distribution i/blith respect to phase in the N slots in the time period (cycle). [0503] 10The following
describes a ple of a precoding matrix in the precoding hopping method based on Condition #10,

Condition #éll?] [:aﬂgdﬁ:&%di%rl f@g?%ﬁé %ﬁylb% %gﬁ%&{(?gqgmgjnatrix in Equation 157.
Next, in the precoding matrix of Equation 174, a precoding hopping method
5 that differs from Example #7 and Example #8 by letting.1, and by taking into
consideration the distance in the complex plane between poor reception points, is
examined.
[0559]
In this case, the precoding hopping method for an N-slot time period (cycle)
10  of Equation 174 is used, and from Condition #14, in all of the I terminals, there is
one slot or less having poor reception points for s1 among the N slots in a time
period (cycle). Accordingly, the log-likelihood ratio for bits transmitted by s1(p) can
be obtained for at least N — 1 slots. Similarly, from Condition #15, in all of the I
terminals, there is one slot or less having poor reception points for s2 among the N
15 slots in a time period (cycle). Accordingly, the log-likelihood ratio for bits
transmitted by s2(p) can be obtained for at least N — 1 slots.
[0560]
Therefore, it is clear that a larger value for N in the N-slot time period
(cycle) increases the number of slots in which the log-likelihood ratio can be
20  obtained.
[0561]
Incidentally, since the influence of scattered wave components is also
present in an actual channel model, it is considered that when the number of slots N
in the time period (cycle) is fixed, there is a possibility of improved data reception
25  quality if the minimum distance in the complex plane between poor reception points
is as large as possible. Accordingly, in the context of Example #7 and Example #8,

precoding hopping methods in which o# 1 and which improve on Example #7 and
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(Example #6) Let the number of slots N in the time period (cycle) be 4. Precoding 15 matrices for
a precoding hopping method with an N = 4 time period (cycle) are provided as in the following
equation. [0504] Math 175 Equation 165 20 (i71-g e4 2 [0505] Here, j is an imaginary unit, and
i=0,1, 2, 3. Instead of Equation 165, Equation 166 may be provided (where X, and 011lil do not
change over time (though 25 change may be allowed)). 5 [0506] Math 176 Equation 166 eion[i] F[d= 1
4J1 ei(oid+ 2B x@Dpha-#87 aE1¢pfidered. The precoding method that improves on Example #8 is

easier to understand and is therefore described first.
(Example #9)
From Equation 186, the precoding matrices in an N = 8 time period (cycle)

5 precoding hopping method that improves on Example #8 are provided in the

following equation.

[0562]

Math 200

Equation 190

jo jo

: 1 e aXe

 Flil=——== T LS
4 4 8
o +llaxe* e
[0563]

Here, i = 0, 1, ..., 7. Furthermore, precoding matrices that differ from
Equation 190 can be provided as follows (where i =0, 1, ..., 7, and where A and

15  0y[i] do not change over time (though change may be allowed)).
[0564]
Math 201
Equation 191

S
az +1{ ax ej(gﬂ[']Uj e’ (‘911[']+4+“8j
20
[0565]
or
[0566]
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[0507] Accordingly, the poor reception points for sl and s2 become as in Fig. 32. (In Fig. 32, the
horizontal axis is the real axis, and the vertical axis is the imaginary axis.) Instead of Equations 165
and 166, Equations 167 and 168 may be provided 10 (where i =0, 1, 2, 3, and where X, and OHM do
not change over time (though change may be allowed)). [0508] Math 177 Equation 167 JoJo F[d=1
ji+71_ 15 #Nh171- 4 2 e4 2 [0509] Math 178 Equation 168 [0510] Next, a precoding hopping method
using a norMatiia292natrix is described. [0511] Based on Equation 148, the Sconsideration are

represented_as follows. [0512] Math 179 Equation 169 precoding matrices
P Equat?on 192[ ] g P g

io

jo
F[I]Z 1 e axe

1/0[2+1 o x ej[_iz) ej[_ijjsﬂ)

5 [0567]
or
[0568]
Math 203
Equation 193

i g'0:l] ax ! Od1)
10 - i( o iL” il o i 7 07
/a2+1 axej(eﬂ[] 4j eJ[Qﬂ[] i+ 8)
[0569]
or
[0570]
15  Math 204

Equation 194

jo jo
F[i]: 1 e o xe

ﬁ axejiz ej(izjfﬂ

[0571]

20 or
[0572]
Math 205
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presently under (19"(p) axe ifa2 +1 aXe.R921(P)eA921(P)' 2' 5) 10 [0513] Equations corresponding to
Equations 151 and 152 are represented as follows. [0514] 15 Math 180 Equation 170 ( [0515] 20
Math 181 Equation 171 yi(P)I2(P)1[j0] e

Equation 195

. a0 o pl04iH2)

Flil-—— \ :
[l] a2+1 O[Xej(ell[i]Jr"r) e(@ﬂ[}r +A- %)

[0573]

[0574]
Math 206
Equation 196

jo
F[I]_ 1 e O‘Xe

_ﬁ axe( i”) ej[_i;[jsﬁj

[0575]

10

or
[0576]
Math 207
15 Equation 197

10,1 i(@,,li1+2)
Fﬁ]z 1 e czxe

1/C¥2+1 axej(‘gﬂ[i]_i:] e (‘911[ ]_7 l_j

[0577]
Therefore, the poor reception points for s1 and s2 are represented as in Fig.
20  35A when a < 1.0 and as in Fig. 35B when a > 1.0.
[0578]
(1) When a < 1.0
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1(A ej a2 +1 ef eie”(p) 21(p) ,axe axel(61"(Pjf Al[si(p)) +n(p) " e1(821&8)s Ap) [0516] In this case,
there are two g at which the minimum value dm; of the 5 Euclidian distance between a received signal
point and a received candidate signal point is zero. [0517] In Equation 171, when sl(p) does not exist:
[0518] 10 Math 182 Equation 172

When o < 1.0, the minimum distance in the complex plane between poor
reception points is represented as min{dy; , ds 4} When focusing on the distance
(dy142) between poor reception points #1 and #2 and the distance (dg; 43) between
poor reception points #1 and #3. In this case, the relationship between o and dy; 4

5 and between a and dg 43 IS shown in Fig. 36. The o which makes min{d; s, du1 43}
the largest is as follows.
[0579]
Math 208
Equation 198

1
a =
T . (7
o \/ COS(SJ ++/3si n(SJ
~(0.7938
[0580]
The min{dy 4, ds s} in this case is as follows.

[0581]

15 Math 209

Equation 199

2Asin(”j
8

cos(z) +/3 sin(zj

~ 0.6076A

il 10Ol o=
|

[0582]

20 Therefore, the precoding method using the value of a in Equation 198 for

Equations 190-197 is effective. Setting the value of o as in Equation 198 is one
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A (ol 1(P)-021(P)) [0519] In Equation 171, when s2(p) does not exist: 15[0520] Math 183 Equation
173 q = -Aael(011(P)-021(P)-(5) 20[0521] In the precoding hopping method for an N-slot time
period (cycle), by referring to Equation 169, N varieties of the precoding matrix F[i] are represented as
follows. [0522] 5 Math 184 Equation 174 [0523] 10In this equation, let a and .3 not change over time.
At this point, based on Equations 34 and 35, design conditions such as the following are provided for
the precodiagpitgrigtesmsitind Jodingtaiobpine)x Jekient] dateersptis Coatiio S étliaEguation a 75
eic9ii[x]-192[x))ic9 [y]-19
X \Jgﬁ]&e m%l Eq&%yon 198, however, may similarly allow for excellent data reception
quality. Accordingly, the value to which a is set is not limited to Equation 198.
[0583]
5 (i1)) When a > 1.0
When o > 1.0, the minimum distance in the complex plane between poor
reception points is represented as min{du s, dusz6} When focusing on the distance
(dss45) between poor reception points #4 and #5 and the distance (du46) between
poor reception points #4 and #6. In this case, the relationship between o and dyg 5
10  and between a and dyy 46 IS Shown in Fig. 37. The o which makes min{dy s, Jus 46}
the largest is as follows.
[0584]
Math 210

Equation 200

e \/cos(%j+\@sin(%j

~1.2596

[0585]
The min{dyq 45, dusse} In this case is as follows.
[0586]
20 Math 211
Equation 201

2Asin(”j
8

cos(z) +/3 sin(gj

~ 0.6076A

{0 1401 O )=
|
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1e"21 for VX, Vy (x y; x,y =0,1, ,N -1) [0525] 20 Math 186 Condition #15 Equation 176
ei(el[xLe21[x]-8), ei(el[H-e21[y]-8) for VX, Vy (Xx=y; x,y =0,1, ,N -1) [0526] (Example #7) S5Leta =1.0
in the precoding matrix in Equation 174. Let the number of slots N in the time period (cycle) be 16. In
order to satisfy Condition #12, Condition #14, and Condition #15, precoding matrices for a precoding
hopping method with an N = 16 time period (cycle) are provided as in the following equations. [0527]
10Fori=0,1, ..., 7: [0528] Math 187 Equation 177 15 [0529] For i=8, 9, ..., 15: [0530] Math 188 20

Equation 178
9 [0587]

Therefore, the precoding method using the value of a in Equation 200 for
Equations 190-197 is effective. Setting the value of a as in Equation 200 is one
5 appropriate method for obtaining excellent data reception quality. Setting o to be a
value near Equation 200, however, may similarly allow for excellent data reception
quality. Accordingly, the value to which a is set is not limited to Equation 200.
(Example #10)
Based on consideration of Example #9, the precoding matrices in an N = 16
10 time period (cycle) precoding hopping method that improves on Example #7 are
provided in the following equations (where A and 0,[i] do not change over time
(though change may be allowed)).
[0588]
Fori=0,1, ..., 7:
15 [0589]
Math 212
Equation 202

F[i] 1 e o Xe

Jo +ilaxe’s @lv)

20  [0590]
Fori=8§,9, ..., 15:
[0591]
Math 213
Equation 203
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jg77r-\ eJ-4 ei7+-8 j0j0 [0531] Furthermore, a precoding matrix that differs from Equations 177
and 178 can be provided as follows. [0532] 5For i =0, 1, ..., 7: [0533] Math 189 Equation 179
e.ien[ilei(en[iP) 1 g 9 11H+ 7y eilssii[i][+7+2+7 10 [0534] For i= 8, 9, ..., 15: [0535] Math 190 15
Equation 180 [0536]

F[I]:% axjeoj4 ej(4+8)
a +1 e o xe

[0592]
or
5 Fori=0,1,..,7:
[0593]
Math 214
Equation 204

il L g axgl
N az +1\ ax ej(‘91l[i]+ﬂ ej(gﬂ['hfhgj
10
[0594]
Fori=8,9, ..., 15:
[0595]
Math 215

15 Equation 205

Fli] 1 axej(‘gll[i]+i;rj e’ (911[ ]+'”+/1+j

a2+1 ejgll[i] axe (911 )

[0596]
or
20 Fori=0,1,..,7:
[0597]
Math 216
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Accordingly, the poor reception points for sl and s2 become as in Figs. 33A 20 and 33B. [0537]

(In Figs. 33A and 33B, the horizontal axis is the real axis, and the vertical axis is the imaginary axis.)
Instead of Equations 177 and 178, and Equations 179 and 180, precoding matrices may be provided
as below. [0538] 5Fori =0, 1, ..., 7: [0539] Math 191 Equation 181 JOp Fid=j77 in 7 nj 42 e 4 el\--4+-8
10 [0540] For i=8, 9, ..., 15: [0541] Math 192 15 Equation 182 (in- 7 nr e\--49 e\-4 8 -+- 42 e JOJO
[0542] Equation 206

jo

jo
F[I]Z 1 e “Xe

1/0[2 +1| ax ej(_ijlrj ej(_i:fj;j

[0598]
5 Fori=§,9, ..., 15
[0599]
Math 217
Equation 207
L (axgls] 5%
Fli]l-———| @xe */ e+ ¢
o 1 e axg@
10
[0600]
or
Fori=0,1, ..., 7:
[0601]
15 Math 218
Equation 208

o X
Fli]l-——2 | © e

1/C¥2+1 axej(gﬂ[i]_m ej(‘gﬂ[i]_i?iﬂfgzj

[0602]

20 Fori=38,9,...,15:
[0603]
Math 219
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or 20Fori=0, 1, ..., 7: [0543] Math 193 Equation 183 1eion[i] 'E onl eMii[i]+2) in-7 on[i]-74 +2+-8
[0544] 5Fori =8, 9, ..., 15: [0545] Math 194 Equation 184 10 [0546] (In Equations 177-184, 77¢/8 may
be changed to -77c/8.) Next, the following is established as a condition, different from Condition
#12, for providing fair data reception quality insofar as possible for L terminals in 15 the same LOS
environment in which only the phase of g differs. Condition #16 When using a precoding hopping
method witlEguaNosi@0®me period (cycle), the following condition is set: [0547]

F[I] _ 1 a X e (911[ ) ej(ell[i]_i”Jr/H?;j

o1l pfd o x @l O:1+)

[0604]

5 or
Fori=0,1, ..., 7:
[0605]

Math 220

Equation 210
jo

j0
oL | e axe

10 2 iz j('”—”j
a _|_ axe 4 e 4 8
[0606]
Fori=8§,9, ..., 15:
[0607]
15 Math 221
Equation 211

(iz-12)

fij=— L[ axe’ gl

2 jo j0
o t1l € axe
[0608]
20 or
Fori=0,1,..,7:
[0609]
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20 Math 195 Equation 185 [0548] and the poor reception points for sl and the poor reception
points for s2 are 5 arranged to be in an even distribution with respect to phase in the N slots in the
time period (cycle). [0549] The following describes an example of a precoding matrix in the
precoding hopping method based on Condition #14, Condition #15, and Condition #16. Let a = 101.0
in the precoding matrix in Equation 174. (Example #8) Let the number of slots N in the time period
(cycle) be 8ViRte@2&ing matrices for a precoding hopping method with an N = 8 time period (cycle) are
provided as _in the following equation. 15[0550] Math 196 Equation 186 20[0551] Here, i=0, 1, ..., 7.
[0552] Furttrtfal Fg‘ A recoding matrix that differs from Equation 186 can be provided as follows
(wherei=0,1, ..., 7, and where X, and 0 H do not change ovia(éz ﬁa (though change may be
allowed)). [OSﬁ] Math 197 Eq atlon 1@# o X e

~il= iz ju
| \/ﬁ axe (911[] } el(ﬁll[']+4+,1_78j

5 [0610]
Fori=8,9, ..., 15:
[0611]
Math 223
Equation 213

F[i]:# axg’ (911[ j e’ (911[1] L /1—8)

a2+1 elell[] axe (911 )

10
[0612]
or
Fori=0,1,...,7:
15  [0613]
Math 224
Equation 214

0
: 1 e axg@
Fll=— R

20 [0614]
Fori=8,9, ..., 15;
[0615]
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eion[i] Fk1=11 2 11H+-c 01 21"\4 ] [0554] Accordingly, the poor reception points for sl and s2
become as in Fig. 34. Instead of Equations 186 and 187, precoding matrices may be provided as
follows (where i =0, 1, ..., 7, and where X, and 011][i] do not change over time (though 10 change may
be allowed)). [0555] Math 198 Equation 188 JO JO

Math 225
Equation 215
Fli]- 1 axe( mj ej(_izjgj

2 io

o t1 e axg”

5 [0616]
or
Fori=0,1, ..., 7:
[0617]
Math 226
10  Equation 216

jell[i:| (911 )
F[I] _ e a X e

ﬁ axe (ell[i]_m e’[gﬂ[']_fl_;)

[0618]

Fori=8§,9, ..., 15:
15  [0619]

Math 227

Equation 217

L1 (005 ) Lo
Flil=— axejen[u] © i(g,i12)

o +1 e axe

20 [0620]
The value of o in Equation 198 and in Equation 200 is appropriate for

obtaining excellent data reception quality. The poor reception points for sl are
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F[i], Jiff \4 j e iff 4 7ff 8 *?h, 15 [0556] or [0557] Math 199 20 Equation 189 ei(en[iP) ITC7 g 7+A+7

represented as in Figs. 38A and 38B when a < 1.0 and as in Figs. 39A and 39B
when a > 1.0.
[0621]
In the present embodiment, the method of structuring N different precoding
5 matrices for a precoding hopping method with an N-slot time period (cycle) has
been described. In this case, as the N different precoding matrices, F[0], F[1], F[2],
..., F[N = 2], F[N — 1] are prepared. In the present embodiment, an example of a
single carrier transmission method has been described, and therefore the case of
arranging symbols in the order F[0], F[1], F[2], ..., F[N — 2], F[N — 1] in the time
10  domain (or the frequency domain) has been described. The present invention is not,
however, limited in this way, and the N different precoding matrices F[0], F[1], F[2],
..., F[N— 2], F[N — 1] generated in the present embodiment may be adapted to a
multi-carrier transmission method such as an OFDM transmission method or the like.
As in Embodiment 1, as a method of adaption in this case, precoding weights may
15  be changed by arranging symbols in the frequency domain and in the frequency-time
domain. Note that a precoding hopping method with an N-slot time period (cycle)
has been described, but the same advantageous effects may be obtained by randomly
using N different precoding matrices. In other words, the N different precoding
matrices do not necessarily need to be used in a regular period (cycle).
20 [0622]
Examples #5 through #10 have been shown based on Conditions #10
through #16. However, in order to achieve a precoding matrix hopping method with
a longer period (cycle), the period (cycle) for hopping between precoding matrices
may be lengthened by, for example, selecting a plurality of examples from Examples
25  #5 through #10 and using the precoding matrices indicated in the selected examples.
For example, a precoding matrix hopping method with a longer period (cycle) may
be achieved by using the precoding matrices indicated in Example #7 and the

precoding matrices indicated in Example #10. In this case, Conditions #10 through
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[0558] (In Equations 186-189, 7)1/8 may be changed to -77c/8.) Next, in the precoding matrix of
Equation 174, a precoding hopping method 5 that differs from Example #7 and Example #8 by letting*
1, and by taking into consideration the distance in the complex plane between poor reception points, is
examined. [0559] In this case, the precoding hopping method for an N-slot time period (cycle) 10 of
Equation 174 is used, and from Condition #14, in all of the F terminals, there is one slot or less having

poor receptl® BotneofaesepsanbynebsesvecsIOis Fosatine pedicd (Cgridiondetddingiativre 16§-likelinood
ratio for bits transmijtted by sl(p) can be gbtained for at least N - 1 slots, Similarly, from Condition #15,
o of tho o CAHARD (e SO HP B A CRARD Sk TR L A oAb N
155l0ts | . od( al ) . " ) b
obtamed or R B B Y P B SR NeRE ) Mot

time period f\epedingedisgsonarrucobaitifrelotd i vwhithnhgleg-hikelihosthiasicaparckp2@pbtained.
[0561] Incidentally, since the influence of scattered wave components is also present in an actual
channdl mode), MBetonisueae drorat &vhdieteathpensractivelots Knen presoidiegparadtX dyeping fixed,

there i [bility of i data ti 5 lity if the mjni dist int I
plane botwaH i HEEcPRcN BAERCOL 1L b BN, Rebo RIIDA H AT LBPRELE of Exampe 7

and Example SReREAAAIRE REIIRS B Btk hubIRR TGy i Fasple #7 and

Example #8 are con recoding me Improves on Example # easler

understandraagite$hsreferefdesanbra issth(bxgiele #8) includethm Equation 186, the precoding

matrices in an N = 8 time period (cycle) 5 precoding hopping method that improves on Example #8 are
provided in (eIl MR éhuation. [0562] Math 200

10 The present embodiment describes the structure of a reception device for
receiving modulated signals transmitted by a transmission method that regularly
hops between precoding matrices as described in Embodiments 1-6.
[0623]
In Embodiment 1, the following method has been described. A transmission
15  device that transmits modulated signals, using a transmission method that regularly
hops between precoding matrices, transmits information regarding the precoding
matrices. Based on this information, a reception device obtains information on the
regular precoding matrix hopping used in the transmitted frames, decodes the
precoding, performs detection, obtains the log-likelihood ratio for the transmitted
20  bits, and subsequently performs error correction decoding.
[0624]

The present embodiment describes the structure of a reception device, and a
method of hopping between precoding matrices, that differ from the above structure
and method.

25 [0625]

Fig. 40 is an example of the structure of a transmission device in the present

embodiment. Elements that operate in a similar way to Fig. 3 bear the same

reference signs. An encoder group (4002) receives transmission bits (4001) as input.
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Equation 190 (Jo ] axe \ 1 Fid= .br77r 10 -4+-8 Va2+1 axe 4 [0563] Here,i=0,1, ..., 7.
Furthermore, precoding matrices that differ from Equation 190 can be provided as follows (where i = 0,
1, ..., 7, and where X, and 15 OJi] do not change over time (though change may be allowed)). [0564]
Math 201 Equation 191 20 ([1] F H- 1le Va2 1 sOC)< e [0565] or [0566] i(e H-F2) ax e 11

The encoder group (4002), as described in Embodiment 1, includes a plurality of
encoders for error correction coding, and based on the frame structure signal 313, a
certain number of encoders operate, such as one encoder, two encoders, or four
encoders.

5 [0626]

When one encoder operates, the transmission bits (4001) are encoded to
yield encoded transmission bits. The encoded transmission bits are allocated into
two parts, and the encoder group (4002) outputs allocated bits (4003A) and allocated
bits (4003B).

10  [0627]

When two encoders operate, the transmission bits (4001) are divided in two
(referred to as divided bits A and B). The first encoder receives the divided bits A as
input, encodes the divided bits A, and outputs the encoded bits as allocated bits
(4003A). The second encoder receives the divided bits B as input, encodes the

15  divided bits B, and outputs the encoded bits as allocated bits (4003B).
[0628]

When four encoders operate, the transmission bits (4001) are divided in four
(referred to as divided bits A, B, C, and D). The first encoder receives the divided
bits A as input, encodes the divided bits A, and outputs the encoded bits A. The

20  second encoder receives the divided bits B as input, encodes the divided bits B, and
outputs the encoded bits B. The third encoder receives the divided bits C as input,
encodes the divided bits C, and outputs the encoded bits C. The fourth encoder
receives the divided bits D as input, encodes the divided bits D, and outputs the
encoded bits D. The encoded bits A, B, C, and D are divided into allocated bits

25  (4003A) and allocated bits (4003B).

[0629]
The transmission device supports a transmission method such as, for

example, the following Table 1 (Table 1A and Table 1B).
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(7 'On[ilF4 +2+ 8 Math 202 Equation 192 (JOaxe Jo171lc 11 a2 +1--a X ej\4el, 5[0567] or

[0568] Math 203 Equation 193 1 10 Va2+1 axei(ed+A) 1l e,t9"i] 4/l
[0630]
Table 1A
Number of
modulated .
o Error Precoding
transmission i Number ) . g
signals Modulation of correction T_ransm|s§|on matrix
method coding information hopping
(number of encoders
. method method
transmit
antennas)
A 00000000 -
QPSK 1 B 00000001 -
C 00000010 -
A 00000011 -
16QAM 1 B 00000100 -
C 00000101 -
A 00000110 -
1 64QAM 1 B 00000111 -
C 00001000 -
A 00001001 -
256QAM 1 B 00001010 -
C 00001011 -
A 00001100 -
1024QAM 1 B 00001101 -
C 00001110 -
[0631]
Table 1B
Number of
modulated .
o Error Precoding
transmission i Number ) . g
) Modulation correction | Transmission matrix
signals of X . X .
method coding information hopping
(number of encoders method method
transmit
antennas)
A 00001111 D
1 B 00010000 D
#1: QPSK, C 00010001 D
5 #2: QPSK A 00010010 E
2 B 00010011 E
C 00010100 E
#1: QPSK, 1 A 00010101 D
#2: 16QAM B 00010110 D
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[0569] or [0570] 15 Math 204 Equation 194 ejo 1 F[i], Va2+1 axe [0571] 200or [0572] Math 205
[0573] 50r [0574] Math 206 Equation 196

Equation 195

00010111

00011000

00011001

00011010

#1:
16QAM,
#2: 16QAM

00011011

00011100

00011101

00011110

00011111

00100000

#1:
16QAM,
#2: 64QAM

00100001

00100010

00100011

00100100

00100101

00100110

#1:
64QAM,
#2: 64QAM

00100111

00101000

00101001

00101010

00101011

00101100

#1:
64QAM,

#2:
256QAM

00101101

00101110

00101111

00110000

00110001

00110010

#1:
256QAM,
#2: 256QAM

00110011

00110100

00110101

00110110

00110111

00111000

00111001

00111010

00111011

#1:
2560QAM,
#2:
1024QAM

00111100

00111101

00111110

00111111

01000000

01000001

01000010

W>OW>0wW>0w>0m>O0m>O0m>0m>0w>0n>0mW>0m>0m>0wm>0w>0

01000011

T ITOIOMMMIITITOOOMTMOOOMMMEOEOOMMmmmm|Ooommm|Oogoimmm|O
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10 [0575] or [0576] Math 207 15 Equation 197 pH 1 Va2 +1 eJen[i]aJ(9 H-F x e ,, e axe \e,48 [0577]
Therefore, the poor reception points for sl and s2 are represented as in Fig. 20 35A when a < 1.0 and

as in Fig. 35B when a> 1.0. [0578] (i) Whena < 1.0

When a < 1.0, the minimum distance in the

complex plane between poor reception points is represented as min{ d#1,#2, d#1,#3} when focusing

on the distance (dm#2) between poor regeption points#1-and-#2-ang 8“ distance-(dm#3)
poor reception points #1 and-#3—n-this-case-therelationship-between g m@ #1412 5-an
and d#1,413 is shown in Kig. 36. The a which makes ming#L#:Z, d:?_]fpg tn !arwesu;;sio
[0579] Math 208 Equation| 198 1 01000110 F
41- C 01000111 F
' A 01001000 G
H02a0AM, 2 B 01001001 G
' C 01001010 G
1024QAM A 01001011 H
4 B 01001100 H
C 01001101 H

etween

10

15

20

[0632]

As shown in Table 1, transmission of a one-stream signal and transmission
of a two-stream signal are supported as the number of transmission signals (number
of transmit antennas). Furthermore, QPSK, 16QAM, 64QAM, 256QAM, and
1024QAM are supported as the modulation method. In particular, when the number
of transmission signals is two, it is possible to set separate modulation methods for
stream #1 and stream #2. For example, “#1: 256QAM, #2: 1024QAM” in Table 1
indicates that “the modulation method of stream #1 is 256QAM, and the modulation
method of stream #2 is 1024QAM” (other entries in the table are similarly
expressed). Three types of error correction coding methods, A, B, and C, are
supported. In this case, A, B, and C may all be different coding methods. A, B, and
C may also be different coding rates, and A, B, and C may be coding methods with
different block sizes.

[0633]

The pieces of transmission information in Table 1 are allocated to modes
that define a “number of transmission signals”, “modulation method”, “number of
encoders”, and “error correction coding method”. Accordingly, in the case of
“number of transmission signals: 27, “modulation method: #1: 1024QAM, #2:
1024QAM”, “number of encoders: 4, and “error correction coding method: C”, for

example, the transmission information is set to 01001101. In the frame, the

between a
llows.

transmission device transmits the transmission information and the transmission data.
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1 licos8 + -sh sin ( rt,t 0.7938 [0580] The min{d#1#2, d#1#3} in this case is as follows. [0581] 15 Math
209 Equation 199 min{d#1 #2 4#1 #31 li cos(71- + .NR sin( 88 rti 0.6076A [0582]
20Therefore, the precoding method using the value of a in Equation 198 for Equations 190-197 is
effective. Setting the value of a as in Equation 198 is one 135 appropriate method for obtaining
excellent data reception quality. Setting a to be a value near Equation 198, however, may similarly
allow for ex¥éiemt Waramedsigidhe singnesiordidaty, the paltisutaivdien itheet rIAdgimeted to

Equation 198. [0583] 5(ii).When a> 1.0  When a > 1.0, the minimum distance in the complex plane
between pd&f o é[ﬁﬂ is fép%gerﬂecpé‘%‘:ﬂ%mgd%f '&‘#Bemmgind%mﬂgodﬁgtance

o e SRR SO S 108 Wpid it G MR
shown in FigieBodM®a mirctomake simind preparstionidhedesars) inasifoiopsinPaithod is
5 setto one of these five types in accordance with Table 1. The following, for example,
are ways of implementing the five different types.
- Prepare five different precoding matrices.
- Use five different types of periods (cycles), for example a four-slot period (cycle)
for D, an eight-slot period (cycle) for E, ....
10 - Use both different precoding matrices and different periods (cycles).
[0634]

Fig. 41 shows an example of a frame structure of a modulated signal
transmitted by the transmission device in Fig. 40. The transmission device is
assumed to support settings for both a mode to transmit two modulated signals, z1(t)

15 and z2(t), and for a mode to transmit one modulated signal.
[0635]

In Fig. 41, the symbol (4100) is a symbol for transmitting the “transmission
information” shown in Table 1. The symbols (4101 1) and (4101_2) are reference
(pilot) symbols for channel estimation. The symbols (4102_1, 4103_1) are data

20  transmission symbols for transmitting the modulated signal z1(t). The symbols
(4102_2, 4103_2) are data transmission symbols for transmitting the modulated
signal z2(t). The symbol (4102_1) and the symbol (4102_2) are transmitted at the
same time along the same (shared/common) frequency, and the symbol (4103 1)
and the symbol (4103_2) are transmitted at the same time along the same

25  (shared/common) frequency. The symbols (4102 _1, 4103 1) and the symbols
(4102_2, 4103 _2) are the symbols after precoding matrix calculation using the

method of regularly hopping between precoding matrices described in Embodiments
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Math 210 Equation 200 a= cos + .NR siej 158 1.2596 [0585] The min{ d#05, d#4,#6} in this case is as
follows. [0586] 20 Math 211 Equation 201 min Id #4,1-15 d #4,1-16 (1 2A sin }(8 cos + .jsin 1 88 rti
0.6076A [0587] Therefore, the precoding method using the value of a in Equation 200 for
Equations 190-197 is effective. Setting the value of a as in Equation 200 is one 5 appropriate method
for obtaining excellent data reception quality. Setting a to be a value near Equation 200, however, may
similarly alldwAf@inexicelkeottitstat re d8prefotr akydescobadingy; miwdonestd wihieistauigtiget & not limited
to Equation Oo.é%xam #10) Based on consideration of Example #9, the precoding matrices in an
N = 16 10 tiHeSHEABY @Pg@%&m&%@dﬂ@@s ethod that improves on Example #7 are provided in

the following equatipyiRsk XraRf AL IR 969 e mbbors ahansti AN be

allowed)).
“transmission information” shown in Table 1. The symbol (4105) is a reference

5 (pilot) symbol for channel estimation. The symbols (4106, 4107) are data
transmission symbols for transmitting the modulated signal z1(t). The data
transmission symbols for transmitting the modulated signal z1(t) are not precoded,
since the number of transmission signals is one.

[0636]
10 Accordingly, the transmission device in Fig. 40 generates and transmits
modulated signals in accordance with Table 1 and the frame structure in Fig. 41. In
Fig. 40, the frame structure signal 313 includes information regarding the “number
of transmission signals”, “modulation method”, “number of encoders”, and “error
correction coding method” set based on Table 1. The encoder (4002), the mappers
15 306A, B, and the weighting units 308A, B receive the frame structure signal as an
input and operate based on the “number of transmission signals”, “modulation
method”, “number of encoders”, and “error correction coding method” that are set
based on Table 1. “Transmission information” corresponding to the set “number of
transmission signals”, “modulation method”, “number of encoders”, and “error
20  correction coding method” is also transmitted to the reception device.
[0637]

The structure of the reception device may be represented similarly to Fig. 7
of Embodiment 1. The difference with Embodiment 1 is as follows: since the
transmission device and the reception device store the information in Table 1 in

25  advance, the transmission device does not need to transmit information for regularly
hopping between precoding matrices, but rather transmits “transmission

information” corresponding to the “number of transmission signals”, “modulation

method”, “number of encoders”, and “error correction coding method”, and the
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[0588] Fori=0, 1, ..., 7: 15[0589] Math 212 Equation 202 F[i] 12 Va +1 20[0590] For i=8, 9, ..., 15:
[0591] Math 213 Equation 203 (JOJO\ axe ig 77-claxe4 1 axeJO4JOe7.711

reception device obtains information for regularly hopping between precoding
matrices from Table 1 by receiving the “transmission information”. Accordingly, by
the control information decoding unit 709 obtaining the “transmission information”
transmitted by the transmission device in Fig. 40, the reception device in Fig. 7
5 obtains, from the information corresponding to Table 1, a signal 710 regarding
information on the transmission method, as notified by the transmission device,
which includes information for regularly hopping between precoding matrices.
Therefore, when the number of transmission signals is two, the signal processing
unit 711 can perform detection based on a precoding matrix hopping pattern to
10  obtain received log-likelihood ratios.
[0638]

Note that in the above description, “transmission information” is set with
respect to the “number of transmission signals”, “modulation method”, “number of
encoders”, and “error correction coding method” as in Table 1, and the precoding

15 matrix hopping method is set with respect to the “transmission information”.
However, it is not necessary to set the “transmission information” with respect to the
“number of transmission signals”, “modulation method”, “number of encoders”, and
“error correction coding method”. For example, as in Table 2, the “transmission
information” may be set with respect to the “number of transmission signals” and

20  “modulation method”, and the precoding matrix hopping method may be set with

respect to the “transmission information”.

[0639]
Table 2
Number of _
modulated _ o Precoding
transmission sianals Modulation | Transmission matrix
(number of trar?smit method information hopping
antennas) method
1 QPSK 00000 -
16QAM 00001 -
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e,48J0O axe Va2 +1 [0592] or 5Fori=0, 1, ..., 7: [0593] Math 214 Equation 204 10

10

64QAM 00010 i
2560AM 00011 i
10240AM 00100 i
#1: QPSK,

12 PO 10000 D
#1: QPSK,
#2: 16QAM 10001 E
#1: 160AM,
#2: 160AM 10010 E
#1: 160AM,
#2: 640AM 10011 E
#1: 640AM,
#2: 640AM 10100 F
#1: 640AM,
2 #2: 2560AM | 10101 F
#1:
256QAM, 10110 G
#2: 256Q0AM
#1:
256QAM,
2 10111 G
10240AM
#1:
10240AM,
e 11000 H
10240AM

[0640]

In this context, the “transmission information” and the method of setting the
precoding matrix hopping method is not limited to Tables 1 and 2. As long as a rule
is determined in advance for switching the precoding matrix hopping method based
on transmission parameters, such as the “number of transmission signals”,
“modulation method”, “number of encoders”, “error correction coding method”, or
the like (as long as the transmission device and the reception device share a
predetermined rule, or in other words, if the precoding matrix hopping method is
switched based on any of the transmission parameters (or on any plurality of
transmission parameters)), the transmission device does not need to transmit

information regarding the precoding matrix hopping method. The reception device
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[0594] For i= 8, 9, ..., 15: [0595] Math 215 15 Equation 205 FH- 1 a2+1 ((jT axe 911H1F \41 eitud
(iff7n- j11H+ +2+ e ,19(48\ H1F2) axe 11 [0596] or 20Fori=0, 1, ..., 7: [0597] Math 216 5

can identify the precoding matrix hopping method used by the transmission device

by identifying the information on the transmission parameters and can therefore

accurately perform decoding and detection. Note that in Tables 1 and 2, a

transmission method that regularly hops between precoding matrices is used when
5 the number of modulated transmission signals is two, but a transmission method that

regularly hops between precoding matrices may be used when the number of

modulated transmission signals is two or greater.

[0641]

Accordingly, if the transmission device and reception device share a table

10 regarding transmission patterns that includes information on precoding hopping

methods, the transmission device need not transmit information regarding the

precoding hopping method, transmitting instead control information that does not

include information regarding the precoding hopping method, and the reception

device can infer the precoding hopping method by acquiring this control
15  information.

[0642]

As described above, in the present embodiment, the transmission device
does not transmit information directly related to the method of regularly hopping
between precoding matrices. Rather, a method has been described wherein the

20  reception device infers information regarding precoding for the “method of regularly
hopping between precoding matrices” used by the transmission device. This method
yields the advantageous effect of improved transmission efficiency of data as a
result of the transmission device not transmitting information directly related to the
method of regularly hopping between precoding matrices.

25 [0643]

Note that the present embodiment has been described as changing precoding

weights in the time domain, but as described in Embodiment 1, the present invention
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Equation 206 F[i], lie JO aXe a X e \ej0 ax eJO iyrhr.\ e48J) br7r \ e48f axej0 lia2 +1 [0598] For
1=8,9, ..., 15:[0599] Math 217 Equation 207 Flii=1

may be similarly embodied when using a multi-carrier transmission method such as
OFDM or the like.
[0644]

In particular, when the precoding hopping method only changes depending

5 on the number of transmission signals, the reception device can learn the precoding

hopping method by acquiring information, transmitted by the transmission device,
on the number of transmission signals.
[0645]

In  the present  description, it is  considered that a

10 communications/broadcasting device such as a broadcast station, a base station, an
access point, a terminal, a mobile phone, or the like is provided with the
transmission device, and that a communications device such as a television, radio,
terminal, personal computer, mobile phone, access point, base station, or the like is
provided with the reception device. Additionally, it is considered that the

15 transmission device and the reception device in the present description have a
communications function and are capable of being connected via some sort of
interface to a device for executing applications for a television, radio, personal
computer, mobile phone, or the like.

[0646]

20 Furthermore, in the present embodiment, symbols other than data symbols,
such as pilot symbols (preamble, unique word, postamble, reference symbol, and the
like), symbols for control information, and the like may be arranged in the frame in
any way. While the terms “pilot symbol” and “symbols for control information”
have been used here, any term may be used, since the function itself is what is

25  important.

[0647]
It suffices for a pilot symbol, for example, to be a known symbol modulated

with PSK modulation in the transmission and reception devices (or for the reception
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Va2+1 10[0600]or Fori=0, 1, ..., 7: [0601] 15 Math 218 Equation 208 [0602] 20Fori=28, 9, ...,
15: [0603] Math 219 Equation 209

device to be able to synchronize in order to know the symbol transmitted by the

transmission device). The reception device uses this symbol for frequency

synchronization, time synchronization, channel estimation (estimation of Channel

State Information (CSI) for each modulated signal), detection of signals, and the
5 like.

[0648]

A symbol for control information is for transmitting information other than
data (of applications or the like) that needs to be transmitted to the communication
partner for achieving communication (for example, the modulation method, error

10  correction coding method, coding ratio of the error correction coding method,
setting information in the upper layer, and the like).
[0649]

Note that the present invention is not limited to the above Embodiments 1-5

and may be embodied with a variety of modifications. For example, the above
15 embodiments describe communications devices, but the present invention is not

limited to these devices and may be implemented as software for the corresponding

communications method.

[0650]

Furthermore, a precoding hopping method used in a method of transmitting

20 two modulated signals from two antennas has been described, but the present

invention is not limited in this way. The present invention may be also embodied as

a precoding hopping method for similarly changing precoding weights (matrices) in

the context of a method whereby four mapped signals are precoded to generate four

modulated signals that are transmitted from four antennas, or more generally,
25 whereby N mapped signals are precoded to generate N modulated signals that are

transmitted from N antennas.

[0651]
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10

15

20

25

In the description, terms such as “precoding” and “precoding weight” are
used, but any other terms may be used. What matters in the present invention is the
actual signal processing.

[0652]

Different data may be transmitted in streams s1(t) and s2(t), or the same
data may be transmitted.
[0653]

Each of the transmit antennas of the transmission device and the receive
antennas of the reception device shown in the figures may be formed by a plurality
of antennas.

[0654]

Programs for executing the above transmission method may, for example,
be stored in advance in Read Only Memory (ROM) and be caused to operate by a
Central Processing Unit (CPU).

[0655]

Furthermore, the programs for executing the above transmission method
may be stored in a computer-readable recording medium, the programs stored in the
recording medium may be loaded in the Random Access Memory (RAM) of the
computer, and the computer may be caused to operate in accordance with the
programs.

[0656]

The components in the above embodiments may be typically assembled as a
Large Scale Integration (LSI), a type of integrated circuit. Individual components
may respectively be made into discrete chips, or part or all of the components in
each embodiment may be made into one chip. While an LSI has been referred to, the
terms Integrated Circuit (IC), system LSI, super LSI, or ultra LSI may be used
depending on the degree of integration. Furthermore, the method for assembling

integrated circuits is not limited to LSI, and a dedicated circuit or a general-purpose
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[0604] or Fori=0, 1, ..., 7: [0605] Math 220 Equation 210 Va2 +1 (JO axe' in-7ils\je, 48y [0606]
Fori=8, 9, ..., 15: [0607]

processor may be used. A Field Programmable Gate Array (FPGA), which is
programmable after the LSI is manufactured, or a reconfigurable processor, which
allows reconfiguration of the connections and settings of circuit cells inside the LSI,
may be used.

5 [0657]

Furthermore, if technology for forming integrated circuits that replaces LSIs
emerges, owing to advances in semiconductor technology or to another derivative
technology, the integration of functional blocks may naturally be accomplished
using such technology. The application of biotechnology or the like is possible.

10  [0658]
(Embodiment 8)

The present embodiment describes an application of the method described
in Embodiments 1-4 and Embodiment 6 for regularly hopping between precoding
weights.

15  [0659]

Fig. 6 relates to the weighting method (precoding method) in the present
embodiment. The weighting unit 600 integrates the weighting units 308A and 308B
in Fig. 3. As shown in Fig. 6, the stream s1(t) and the stream s2(t) correspond to the
baseband signals 307A and 307B in Fig. 3. In other words, the streams s1(t) and

20  s2(t) are the baseband signal in-phase components | and quadrature components Q
when mapped according to a modulation scheme such as QPSK, 16QAM, 64QAM,
or the like. As indicated by the frame structure of Fig. 6, the stream sl1(t) is
represented as s1(u) at symbol number u, as s1(u + 1) at symbol number u + 1, and
so forth. Similarly, the stream s2(t) is represented as s2(u) at symbol number u, as

25 s2(u + 1) at symbol number u + 1, and so forth. The weighting unit 600 receives the
baseband signals 307A (s1(t)) and 307B (s2(t)) and the information 315 regarding

weighting information in Fig. 3 as inputs, performs weighting in accordance with the
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15 Math 221 Equation 211 Fki= 1 axe 4 a JOJO 2axe [0608] 20or Fori=0, 1, ..., 7: [0609] Math 222
Equation 212 FH- 1 Ala2 1 1011H axe \ a x e "\on[i]Jd-H-71, 48 5[0610] Fori=8, 9, ..., 15: [0611]
Math 223 Equation 213 10 F [i] -

information 315 regarding weighting, and outputs the signals 309A (z1(t)) and 309B
(z2(t)) after weighting in Fig. 3.
[0660]
At this point, when for example a precoding matrix hopping method with an
5 N =8 period (cycle) as in Example #8 in Embodiment 6 is used, z1(t) and z2(t) are
represented as follows.
For symbol number 8i (where i is an integer greater than or equal to zero):
[0661]
Math 228
10 Equation 218

. j0 i0 .
2Bi)) 1 e axe | sisi)
NI T T A (kr Trx .
22(8I) 1laz-l—]_ axejj ej(4+8) SZ(SI)
[0662]

Here, j is an imaginary unit, and k = 0.
15  For symbol number 8i + 1:
[0663]
Math 229
Equation 219

(zl(8i +1)j 1 e’ ngejoj (sl(Bi +1))

22(8i +1))

T i A kr Tx
Ja +1laxe'™ e’(“8

20
[0664]
Here, k = 1.
For symbol number 8i + 2:

[0665]
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Math 230
Equation 220

(zl(8i + 2)) 1

(04

22(8i + 2)

j

+1

5 [0666]
Here, k = 2.

For symbol number 8i + 3:

[0667]
Math 231
10 Equation 221
( z1(8i + 3)j 1
22(8i +3) /052 1
[0668]
Here, k = 3.
15  For symbol number 8i + 4:
[0669]
Math 232
Equation 222
218i+4)) 1
2@i+4) 71
20
[0670]
Here, k = 4.

Ala2+1

ir

jo
{axe"‘

{ eJO |
axe

{ eJO |
axe s

159

[0612] or Fori=0,1, ..., 7:

et e



15[0613] Math 224 Equation 214 20[0614] Fori=8, 9, ..., 15: [0615] Math 225 Equation 215 711 7.
e,48,J0O axe 5[0616]or Fori=0,1, ..., 7: [0617] Math 226

For symbol number 8i + 5:
[0671]

Math 233

Equation 223

£21(8i+5)]_ 1 e’ | axe” (sl(8i+5)}
> 226i+5)) " [ Fi1| gxe's ei[k}?;] 52(8i +5)

[0672]

Here, k = 5.

For symbol number 8i + 6:
10 [0673]

Math 234

Equation 224

(zl(8i+6)j_ 1 e”  axe” (51(8i+6)j

226i+6)) [ 1| gwe’ ei(kjﬂg”) 52(8i + 6)

15  [0674]

Here, k = 6.
For symbol number 8i + 7:
[0675]
Math 235
20  Equation 225

Ry )
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axedy eie 7n)\ j1911[i] 74+A ax ei(elld+2) 1

10
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[0676]

Here, k = 7.
[0677]

The symbol numbers shown here can be considered to indicate time. As
described in other embodiments, in Equation 225, for example, z1(8i + 7) and z2(8i
+ 7) at time 8i + 7 are signals at the same time, and the transmission device transmits
z1(8i + 7) and z2(8i + 7) over the same (shared/common) frequency. In other words,
letting the signals at time T be s1(T), s2(T), z1(T), and z2(T), then z1(T) and z2(T)
are sought from some sort of precoding matrices and from s1(T) and s2(T), and the
transmission device transmits z1(T) and z2(T) over the same (shared) frequency (at
the same time). Furthermore, in the case of using a multi-carrier transmission
method such as OFDM or the like, and letting signals corresponding to s1, s2, z1,
and z2 for (sub)carrier L and time T be s1(T, L), s2(T, L), z1(T, L), and z2(T, L),
then z1(T, L) and z2(T, L) are sought from some sort of precoding matrices and
from s1(T, L) and s2(T, L), and the transmission device transmits z1(T, L) and z2(T,
L) over the same (shared/common) frequency (at the same time).

[0678]

In this case, the appropriate value of a is given by Equation 198 or Equation
200.

[0679]

The present embodiment describes a precoding hopping method that
increases period (cycle) size, based on the above-described precoding matrices of
Equation 190.

[0680]

Letting the period (cycle) of the precoding hopping method be 8M, 8M
different precoding matrices are represented as follows.
[0681]

Math 236
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11a2 +1 20[0620] The value of a in Equation 198 and in Equation 200 is appropriate for
obtaining excellent data reception quality. The poor reception points for s 1 are 142 represented as in
Figs. 38A and 38B when a < 1.0 and as in Figs. 39A and 39B when a> 1.0.

Equation 226

jo jo
ockril=r——| S
CZ"']' oxe 4 4M e 4 4M 8
[0682]
5 Inthiscase,1=0,1,2,3,4,5,6,7,andk=0,1,.... M—2, M — 1.
[0683]

For example, letting M = 2 and o < 1, the poor reception points for s1q)
and for s2 (@) at k = 0 are represented as in Fig. 42A. Similarly, the poor reception
points for s1 (©) and for s2 (o) at k = 1 are represented as in Fig. 42B. In this way,

10  based on the precoding matrices in Equation 190, the poor reception points are as in
Fig. 42A, and by using, as the precoding matrices, the matrices yielded by
multiplying each term in the second line on the right-hand side of Equation 190 by
e (see Equation 226), the poor reception points are rotated with respect to Fig. 42A
(see Fig. 42B). (Note that the poor reception points in Fig. 42A and Fig. 42B do not

15  overlap. Even when multiplying by e, the poor reception points should not overlap,
as in this case. Furthermore, the matrices yielded by multiplying each term in the
first line on the right-hand side of Equation 190, rather than in the second line on the
right-hand side of Equation 190, by e may be used as the precoding matrices.) In
this case, the precoding matrices F[0]-F[15] are represented as follows.

20 [0684]

Math 237
Equation 227

jo

jo
1 e axe

ﬁ axej(iZMkj ej(iZMkJ;j
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[0621] In the present embodiment, the method of structuring N different precoding 5 matrices for a
precoding hopping method with an N-slot time period (cycle) has been described. In this case, as the
N different precoding matrices, F[0], F[1], F[2], F[N - 2], F[N - 1] are prepared. In the present
embodiment, an example of a single carrier transmission method has been described, and therefore
the case of arranging symbols in the order F[0], F[1], F[2], F[N - 2], F[N - 1] in the time 10 domain (or
the frequenB68binain) has been described. The present invention is not, however, limited in this way,
and the N different precoding matrices FéO}Sr E[lf]r";ﬁl]’ F[N - 2], F[N - 1] generated in the present
embodiment may b %\r&abt:eg’taa’g’rﬁuﬂ'r- aRidr #4h&miSsidn method such as an OFDM transmission
method or t, C#E . As in Embodiment 1, as a method of adaption in this case, precoding weights may
15 be changgé $ arranging symbols in the frequency domain and in the frequency-time domain. Note
that a precoding hoppins e agheitvee I8; siddbuing enad dey Ff)|haflBR encdgawiibrd, fibé the same
advantageous effects may be obtained by randomly using N different precoding matrices. In other
words, 3he Rreggiaatprsdeeing[flatrldsd amydinéressanideresmtotbe ot dasaFi@gakdpkriod

(cycle). 20[0622] Examples #5 through #10 have been showp based on Conditiops #10 through #16.
Ao i A S N
period (cycl [ ing: fees m ;Im% V4 for le . selecting a
plurality of (@?ﬁgﬂ;&s r(-)pr% %%Xﬁglrgg gg%%’t rlggzﬁtﬁjid é?]élg%%'ng t Eﬁp[)]rﬁe%gtrj#g r-lﬁeeﬁl(t?lrig sﬁlﬁdicated in
the selecteg@xatuelesifPF ERafop exanprCefing marix hopping mahatsitea dereesmissipd (cycle)
may be achieved by using the precoding matrices indicated in Example #7 and the precoding matrices
indicated iniExarapleus1@nbedisneats, Casadivogs Fiadrinesugacs] a1ate biot herrassabppvasserved. (In
Equatjon 158 of Condition #10, Equation 159 of Condition #11, Equation 164 of Condition #13,
Equar@n 1f§%‘|’%§8&jition #14, and Equation 176 of Condition #15, it becomes important for providing

excellen reception Sl b HeAORBIIATS Rk AARAL YA DECREING EaIEBEIagY") When

viewed from a different perspective, in the precoding matrix hopping me ver an N-slot period
(cycle) (wheve péria (ayate)pracatimymhetiictiier phsredlited pipuidifgiexdatiesuatemtion quality
increases when the precoding matrices of one of Examples #5 through #10 are included. (Embodiment
7) 10The pl¥6&il embodiment describes the structure of a reception device for receiving modulated
signals transmitt y a transmission method that regularly hops between precoding matrices as
described i ments 1-6. [0623] In Embodiment 1, the following method has been described. A
transrg@siogﬂlﬁﬁgﬁ(iggsthat transmits modulated signals, using a transmission method that regularly
hops between precoding matrices, transmits information regarding the precoding matrices. Based on
this information, a reception devjce obt@@S(imformation on tg‘((]@rqgulg precoding matrix hopping used
in the transrﬁtﬁjdf:rames,]deco es th@ pretoding, REYfo¢@ détection, |obtains the log-likelihood ratio

[

for the trans i 21(i) i 21(i)+/1+5
o +1laxe’ g0+

[0688]
Here, since the period (cycle) has N slots, i =0, 1,2, ..., N—2, N— 1.
20  Furthermore, the N x M period (cycle) precoding matrices based on Equation 228
are represented by the following equation.
[0689]
Math 239
Equation 229
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20 bits, and subsequently performs error correction decoding. [0624] The present embodiment
describes the structure of a reception device, and a method of hopping between precoding matrices,
that differ from the above structure and method. 25[0625] Fig. 40 is an example of the structure of
a transmission device in the present embodiment. Elements that operate in a similar way to Fig. 3 bear
the same reference signs. An encoder group (4002) receives transmission bits (4001) as input. The
encoder group (4002), as described in bodimqyﬂlj,)includes a pluralit()ggfion ers for error
correction C@er,é?gdﬁjgd on the frame stru@ure signal 313, @(C&in number pf encoders operate,
such as one ehcoder, engjﬂwﬁor our enco,tﬁgrz.f(jﬁl}?(q%] j(@é\{(h)&l)(qknaeﬁ oder operates, the
e

transmission bits (4001) are o\y&><Boded transmi€ion bits. The encoded transmission
bits are allocated into two parts, and the encoder group (4002) outputs allocated bits (4003A) and
allocated bits (4003B). 10[0627] When two encoders operate, the transmission bits (4001) are
divided in two (referred to as divided bits A and B). The first encoder receives the divided bits A as
input, encod@&3e divided bits A, and outputs the encoded bits as allocated bits (4003A). The second
encoder receives the divided bits B as i£|put, encades the 15i§Isivided bits B, and_ outputs the encoded

bits as allocated bitS(HBOSESE (063811 2 whlh fdulendodBRskpSrate: thddrarstYlssibn bits (4001)

are divigded ipdeyr (referred to as divided bits A, B, C, and D). The first encoder receives the divided
bits A as in[[;ut, encodes the divided bits A, and outputs the encoded bits A. The 20 second encoder

receives the dividephito@iras inmvic&nFOOiRs [N dinded hited tandgenirdisdhenensededindgs B. The

third encoder receives the divided bits C as input, encodes the divided bits C, and outputs the encoded
bits C. The foatrisesriciider dcxiMdsthé aigwibe isitany asdeplar Sredbgsivhalalgitiethpipemodnd outputs

alocated bSAB0S Y TIBLIL D N2k S8 RSO EHORY &t FISBORLEEION such as,
for example Q1w Al CERH BIAGRELT 201o:HsABJPRRLERRISIfy b g moculated

transmission signals
10  be precoded using F[h], for example (h=0,1,2, ..., Nx M —2, N x M —1). (In this

case, as described in previous embodiments, precoding matrices need not be hopped
between regularly.)
Generating the precoding matrices in this way achieves a precoding matrix
hopping method with a large period (cycle), allowing for the position of poor
15  reception points to be easily changed, which may lead to improved data reception
quality. Note that while the N x M period (cycle) precoding matrices have been set
to Equation 229, the N x M period (cycle) precoding matrices may be set to the
following equation, as described above.
[0692]
20  Math 240
Equation 230

FINxk+i]=—|€ axe

[0693]
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(number of transmit antennas) Modulation method Number of encoders Error correction coding
method Transmission information Precoding matrix hopping method 1 QPSK 1 A 00000000

Inthiscase,i=0,1,2,....,N-2,N-1,andk=0,1,.... M—-2, M — 1.
[0694]
In Equations 229 and 230, when 0 radians< 6 < 2z radians, the matrices are
a unitary matrix when 6 = « radians and are a non-unitary matrix when 6 # « radians.
5 Inthe present method, use of a non-unitary matrix for /2 radians < |5| < & radians IS
one characteristic structure (the conditions for & being similar to other embodiments),
and excellent data reception quality is obtained. Use of a unitary matrix is another
structure, and as described in detail in Embodiment 10 and Embodiment 16, if N is
an odd number in Equations 229 and 230, the probability of obtaining excellent data
10  reception quality increases.
[0695]
(Embodiment 9)
The present embodiment describes a method for regularly hopping between
precoding matrices using a unitary matrix.
15  [0696]
As described in Embodiment 8, in the method of regularly hopping between
precoding matrices over a period (cycle) with N slots, the precoding matrices

prepared for the N slots with reference to Equations 82-85 are represented as

follows.
20 [0697]
Math 241
Equation 231
il 1 ejgl_l(')_ aXeJ@M(u)M)
2 10,00 _il@ui)a+s)

o tl\axe e
25 [0698]

165



B 00000001 C 00000010 16QAM 1 A 00000011 B 00000100

10

15

20

Inthiscase,1=0,1,2,..., N—2,N—1. (Let o> 0.) Since a unitary matrix
Is used in the present embodiment, the precoding matrices in Equation 231 may be
represented as follows.
[0699]
Math 242
Equation 232

i0,,(1) 9,0+
Fli]= 1 e‘e axe’(9 )
2 i0,,) i(@, iy 2+7)

o tllaxe e

[0700]

In this case, 1 =0,1,2, ..., N—2, N— 1. (Let a > 0.) From Condition #5
(Math 106) and Condition #6 (Math 107) in Embodiment 3, the following condition
is important for achieving excellent data reception quality.
[0701]
Math 243
Condition #17

ej(‘gﬂ(x)_gﬂ(x))i ej(gﬂ(y)_gﬂ(y)) for vx, vy (x = y;x,y=0212,---,N=2,N -1)

[0702]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
[0703]
Math 244
Condition #18

@000 2) L, 00007 gor v vy (x o yix, y =002, N —2,N -1)
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[0704]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)

Embodiment 6 describes the distance between poor reception points. In
order to increase the distance between poor reception points, it is important for the
number of slots N to be an odd number three or greater. The following explains this
point.

[0705]

In order to distribute the poor reception points evenly with regards to phase
in the complex plane, as described in Embodiment 6, Condition #19 and Condition
#20 are provided.

[0706]
Math 245
Condition #19

j (911(X+1)_021(X+1))

€ = j[ZN”] for vx (x=012,---,N =2)
j(gll(x)_gﬂ(x)) o e A e Kl y
€

[0707]
Math 246
Condition #20

i (911(x+1)—92 l(x+1))

i (011()()_021()())
€

€

= ej(_zNﬂj forvx(x=012,---,N -2)

[0708]

In other words, Condition #19 means that the difference in phase is 2n/N
radians. On the other hand, Condition #20 means that the difference in phase is

-27/N radians.
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[0709]

Letting 01,(0) - 01(0) = 0 radians, and letting a < 1, the distribution of poor
reception points for s1 and for s2 in the complex plane for an N = 3 period (cycle) is
shown in Fig. 43A, and the distribution of poor reception points for s1 and for s2 in
the complex plane for an N = 4 period (cycle) is shown in Fig. 43B. Letting 0,,(0) -
0,1(0) = 0 radians, and letting a > 1, the distribution of poor reception points for sl
and for s2 in the complex plane for an N = 3 period (cycle) is shown in Fig. 44A,
and the distribution of poor reception points for s1 and for s2 in the complex plane
for an N = 4 period (cycle) is shown in Fig. 44B.

[0710]

In this case, when considering the phase between a line segment from the
origin to a poor reception point and a half line along the real axis defined by real > 0
(see Fig. 43A), then for either a > lor a < 1, when N = 4, the case always occurs
wherein the phase for the poor reception points for s1 and the phase for the poor
reception points for s2 are the same value. (See 4301, 4302 in Fig. 43B, and 4401,
4402 in Fig. 44B.) In this case, in the complex plane, the distance between poor
reception points becomes small. On the other hand, when N = 3, the phase for the
poor reception points for s1 and the phase for the poor reception points for s2 are
never the same value.

[0711]

Based on the above, considering how the case always occurs wherein the
phase for the poor reception points for s1 and the phase for the poor reception points
for s2 are the same value when the number of slots N in the period (cycle) is an even
number, setting the number of slots N in the period (cycle) to an odd number
increases the probability of a greater distance between poor reception points in the
complex plane as compared to when the number of slots N in the period (cycle) is an
even number. However, when the number of slots N in the period (cycle) is small,

for example when N< 16, the minimum distance between poor reception points in
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B 00001101 C 00001110 [0631] 5Table 1B Number of modulated transmission signals (number of
transmit antennas) Modulation method

the complex plane can be guaranteed to be a certain length, since the number of poor
reception points is small. Accordingly, when N< 16, even if N is an even number,
cases do exist where data reception quality can be guaranteed.

[0712]

5 Therefore, in the method for regularly hopping between precoding matrices
based on Equation 232, when the number of slots N in the period (cycle) is set to an
odd number, the probability of improving data reception quality is high. Precoding
matrices F[O]-F[N — 1] are generated based on Equation 232 (the precoding
matrices F[O]-F[N — 1] may be in any order for the N slots in the period (cycle)).

10  Symbol number Ni may be precoded using F[0], symbol number Ni + 1 may be
precoded using F[1], ..., and symbol number N x i + h may be precoded using F[h],
for example (h =0, 1, 2, ..., N—2, N—1). (In this case, as described in previous
embodiments, precoding matrices need not be hopped between regularly.)
Furthermore, when the modulation method for both sl and s2 is 16QAM, if a is set

15 as follows,

[0713]
Math 247
Equation 233

a_\/i+4
\/§+2

20
[0714]
the advantageous effect of increasing the minimum distance between 16 x
16 = 256 signal points in the 1Q plane for a specific LOS environment may be
achieved.

25  [0715]
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Number of encoders Error correction coding method Transmission information Precoding matrix
hopping method 2 #1: QPSK, #2: QPSK 1 A 00001111 D B

In the present embodiment, the method of structuring N different precoding
matrices for a precoding hopping method with an N-slot time period (cycle) has
been described. In this case, as the N different precoding matrices, F[0], F[1], F[2],
..., F[N = 2], F[N — 1] are prepared. In the present embodiment, an example of a
5 single carrier transmission method has been described, and therefore the case of
arranging symbols in the order F[0], F[1], F[2], ..., F[N — 2], F[N — 1] in the time
domain (or the frequency domain) has been described. The present invention is not,
however, limited in this way, and the N different precoding matrices F[0], F[1], F[2],
..., F[N — 2], F[N — 1] generated in the present embodiment may be adapted to a
10  multi-carrier transmission method such as an OFDM transmission method or the like.
As in Embodiment 1, as a method of adaption in this case, precoding weights may
be changed by arranging symbols in the frequency domain and in the frequency-time
domain. Note that a precoding hopping method with an N-slot time period (cycle)
has been described, but the same advantageous effects may be obtained by randomly
15 using N different precoding matrices. In other words, the N different precoding
matrices do not necessarily need to be used in a regular period (cycle).
[0716]
Furthermore, in the precoding matrix hopping method over an H-slot period
(cycle) (H being a natural number larger than the number of slots N in the period
20 (cycle) of the above method of regularly hopping between precoding matrices),
when the N different precoding matrices of the present embodiment are included, the
probability of excellent reception quality increases. In this case, Condition #17 and
Condition #18 can be replaced by the following conditions. (The number of slots in
the period (cycle) is considered to be N.)
25  [0717]
Math 248
Condition #17’
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ej(gﬂ(x)_gﬂ(x))i ej(‘gll(y)_HZl(Y)) for3x, Iy (x = y; x,y=012,---,N—=2,N =1)

[0718]

(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
[0719]

Math 249

Condition #18’

g0 0:05) , AIOLFO00) o3y Ty (x 2 i X,y =042, N ~2,N -1)

[0720]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N=-2,N—1;and X #y.)
(Embodiment 10)

The present embodiment describes a method for regularly hopping between
precoding matrices using a unitary matrix that differs from the example in
Embodiment 9.
[0721]

In the method of regularly hopping between precoding matrices over a
period (cycle) with 2N slots, the precoding matrices prepared for the 2N slots are
represented as follows.

[0722]

Math 250

Equation 234
fori=0,1,2,.... N—-2,N—1:

i0,0) i(@,,i)+2)
Fli]= —— e o xe

ig,,() i@, (1)+2+7
Jo laxe®? gt
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[0723]
Let a be a fixed value (not depending on i), where a > 0.
[0724]
Math 251
Equation 235
fori=N,N+1,N+2, ....,2N—-2,2N - 1:

it (e a0 oil0.02)
0[2 +1 e1(921(l) o X ej(g21(|)+z+7z)

[0725]

Let a be a fixed value (not depending on 1), where a > 0. (Let the o in
Equation 234 and the a in Equation 235 be the same value.)

From Condition #5 (Math 106) and Condition #6 (Math 107) in
Embodiment 3, the following conditions are important in Equation 234 for achieving
excellent data reception quality.

[0726]
Math 252
Condition #21

ej(é’u(x)‘@n(x))i ej(eu(y)‘@ﬂ(y)) for vx, vy (x#y;x,y=012,---,N-2,N -1)

[0727]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N=-2,N—1;and x £ y.)
[0728]
Math 253
Condition #22
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#1: 1024QAM,

€

[0729]

#2: 1024QAM 1 A 01000101 F B 01000110 F C 01000111 F 2 A 01001000

10.00-0:005) , QMO 017 forvay vy (x 2 i X,y 204,20+ N =2,N 1)

(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)

5 [0730]

Addition of the following condition is considered.

Math 254

Condition #23

0..(0=0,,(x+N)  forvx(x=012,-,N-2,N 1)

and

10 @,()=8,(y+N) forvy(y=012,N-2,N-1)

[0731]

Next, in order to distribute the poor reception points evenly with regards to

phase in the complex plane, as described in Embodiment 6, Condition #24 and

15  Condition #25 are provided.

[0732]

Math 255

Condition #24

i@, (x+1)-@,,(x+1))

€

20

[0733]

i(@,(0)-0,x)
eje 7

— ej(m for vx (x=01,2,---,N - 2)

Math 256

Condition #25
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o i(@,,(x+1)-@, (x+1)) _ ( Zﬂ)
= J N o ) J—
R forvx (x=012,-.N~=2)

[0734]

In other words, Condition #24 means that the difference in phase is 2n/N
radians. On the other hand, Condition #25 means that the difference in phase is
-21/N radians.

[0735]

Letting 011(0) - 0,1(0) = 0 radians, and letting o > 1, the distribution of poor
reception points for s1 and for s2 in the complex plane when N = 4 is shown in Figs.
45A and 45B. As is clear from Figs. 45A and 45B, in the complex plane, the
minimum distance between poor reception points for sl is kept large, and similarly,
the minimum distance between poor reception points for s2 is also kept large.
Similar conditions are created when o < 1. Furthermore, making the same
considerations as in Embodiment 9, the probability of a greater distance between
poor reception points in the complex plane increases when N is an odd number as
compared to when N is an even number. However, when N is small, for example
when N < 16, the minimum distance between poor reception points in the complex
plane can be guaranteed to be a certain length, since the number of poor reception
points is small. Accordingly, when N< 16, even if N is an even number, cases do
exist where data reception quality can be guaranteed.

[0736]

Therefore, in the method for regularly hopping between precoding matrices
based on Equations 234 and 235, when N is set to an odd number, the probability of
improving data reception quality is high. Precoding matrices F[O]-F[2N — 1] are
generated based on Equations 234 and 235 (the precoding matrices F[O]-F[2N — 1]

may be arranged in any order for the 2N slots in the period (cycle)). Symbol number
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H C 01001101 H [0632] As shown in Table 1, transmission of a one-stream signal and
transmission of a two-stream signal are supported as the number of transmission signals (number 5 of
transmit antennas). Furthermore, QPSK, 16QAM, 64QAM, 256QAM, and 1024QAM are supported as
the modulation method. In particular, when the number of transmission signals is two, it is possible to
set separate modulation methods for stream #1 and stream #2. For example, "#1: 256 QAM, #2:
1024QAM" AINTamy DenpliecadsdHisinthE Db yadoh mmb@d INstredrmay keaBecnard deidighe

modulation etho fstrea #2 is 10240QA entries in the tabl similarl ressed).
Three typeflﬁf rror {n rn‘?éYh’E)éié"Nh p@@@@dﬁﬂ&t’é@frﬁ € )WB and C

may all be di ren COdI m?h &N B, and C
may be coderEg? met odsrév%?lth fferentA%?Bé saes%%[()%é (.]Q? egoﬁlec &Qﬂgﬁgﬁnﬁ@s@ﬁlﬁ%rmatlon in
Table 1 areprlocaies inatniedehebat stafithe oppembetvpidhangisdip) igtaamornodiatienemethod”,
"number of encoders”, and "error correction coding method". Accordingly, in the case of "number of
transmissiomeityhativremeinod diatiovtrdtiaod: s21is 16HAOMMf #1s2@ tl U AguaioudiBe tlsf encoders:
4", and "error correction cq lng rEethod C", for exam&ﬁ th@l transmijssion informatjgn is_set to

i {8

01001101. AYYABIACEAKS #Ierh A RELRNTRA iRe IR MRS inforinafion 4 the
transm'ss'oé\@fgﬁg?ﬁmyh“iﬂé‘ﬁ% IHHetﬁ?rH EE‘F@'IE’@%PRH rﬂﬂé‘ﬁ‘f 'aed%r‘iﬁ’é‘x‘/ pumber of

transmission IS two, a "precoding m trlx hopping me IS USs d in accor ance with Table 1.
In Table 1, fiyr3ppes of the "precoding matrix hopping method”, D, E, F, G, and H, are prepared. The
precoding matrix hopping method is 5set to one of these five types in accordance with Table 1. The
following, for examplbe af@hyiner iLapbithensing ehdfisellFfeaentcgpiitions  differing  from

10  Condition #23:

[0738]

Math 257

Condition #26

ej(gﬂ(x)_‘gﬂ(x));s ej( WF00) o VX, Wy (X £ V; X, y=N,N+L, N +2,---,2N —2,2N —1)
15

[0739]

(wWhere xisN,N+ 1, N+2,...,2N—2,2N—1;yisN,N+1, N+ 2, ...,

2N—2,2N—1;and X #y.)

[0740]
20 Math 258

Condition #27

ej(en(x)’eﬂ(x)’”);t ej( W) o VX, VY (X £ Y; X,y =N,N+L, N +2,--- 2N —=2,2N —1)

[0741]
25 (wherexisN,N+1, N+2, ...,2N—2,2N—1;yisN,N+1, N+2, ...,
2N—2,2N—1;and X £y.)
In this case, by satisfying Condition #21, Condition #22, Condition #26, and

Condition #27, the distance in the complex plane between poor reception points for
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Prepare five different precoding matrices. Use five different types of periods (cycles), for example a
four-slot period (cycle) for D, an eight-slot period (cycle) for E, 10 Use both different precoding
matrices and different periods (cycles). [0634] Fig. 41 shows an example of a frame structure of a
modulated signal transmitted by the transmission device in Fig. 40. The transmission device is
assumed to support settings for both a mode to transmit two modulated signals, zI(t) 15 and z2(t), and
for a mode $3 tiairiganaased raddsilthedlistange [DeSBlam papraecHpieynmodnis fo0ss dheyehol for
transmitting the "transmism?cr)nri#formation" Shonn in Table 1. The symbols (4101 _i) and (4101_2) are

reference (SHOIFLAGLE QAR AYA Bhe symbols (4102 1, 4103 i) are data 20

transmissigﬁbﬂabols for transmitting the modulated signal zi(t). The symbols (4102 2, 4103_2) are
data transniission symbols for transmitting the modulated signal z2(t). The symbol (4102_i) and the

symbol (4102_2) argtrgmsnpittserat drairaingchimetalongdtivgant @hardicgnenendifeaerancy, and
the symbol (4103_i) and the symbol (4103_2) are transmitted at the same time along the same 25

(shage?/c%:nquiﬂ%qméﬂig&q fwls@/rlﬁliﬁﬂ@cﬁmgoﬁ?ﬁpm@?ﬁtmﬂj m@:sﬁﬂﬁl(_ﬁl@s?,mwj) acrlg the
Sympols alter precodi maltrix caicuiation. usin € meLoq.or regular oppin etwee recodin
matrices ASLIRR T EWBTSHARES. IR B oaTh N 6 (e hdrEcaR BRSEABiaT Tdbbodment 1
ine stucturg g reamgysh( org S 99 e, FREREIMEL el gyl

(4104)isas r transmitting ansmission mation" shown in Table 1. The symbol (4105)
is a referengramiiilot $wingtd feirpleannelsentsiationethbe sisbeds @dRpinéd0dhanestefare

transmission symbols for transmitting the modulated signal zI(t). The data transmission symbols for
transmittingtiBeane afilatesinion ay map kerinribe préeodéd], btk Helnumibd2df trahshidionldignals is
o 3O e Rne Wimain or e Trequeney Jomait) Had Tean Gescnbed: The present
invention is not, however, limited in this way, and the 2N different precoding
matrices F[0], F[1], F[2], ..., F[2N— 2], F[2N — 1] generated in the present
embodiment may be adapted to a multi-carrier transmission method such as an
OFDM transmission method or the like. As in Embodiment 1, as a method of
15 adaption in this case, precoding weights may be changed by arranging symbols in
the frequency domain and in the frequency-time domain. Note that a precoding
hopping method with a 2N-slot time period (cycle) has been described, but the same
advantageous effects may be obtained by randomly using 2N different precoding
matrices. In other words, the 2N different precoding matrices do not necessarily
20  need to be used in a regular period (cycle).
[0743]
Furthermore, in the precoding matrix hopping method over an H-slot period
(cycle) (H being a natural number larger than the number of slots 2N in the period
(cycle) of the above method of regularly hopping between precoding matrices),
25 when the 2N different precoding matrices of the present embodiment are included,

the probability of excellent reception quality increases.

(Embodiment 11)
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modulated signals in accordance with Table 1 and the frame structure in Fig. 41. In Fig. 40, the frame
structure signal 313 includes information regarding the "number of transmission signals”, "modulation
method", "number of encoders”, and "error correction coding method" set based on Table 1. The
encoder (4002), the mappers 15 306A, B, and the weighting units 308A, B receive the frame structure
signal as an input and operate based on the "number of transmission signals”, "modulation method",
"number of encoderBhedrigsentremboduoaohdssdrieesnemethoth feraregsdarhasepRindraeheden
"Transmission information" corresponding to the set "number of transmission signals”, "modulation
method”, "rRGRASHH MHH%???'HE@ RATSHIRBHMELHEN coding method” is also transmitted to the
reception deyice1[0637] The structure of the reception device may be represented similarly to Fig. 7 of
Embodiment 1. The difference with Embodiment 1 is as follows: since the transmission device and the
reception device stqre e iéatiotrtisreylirble hopFingdaneenthedsaaryisanricsviogedaes not
need to transmit information for regularly hopping between precoding matrices, but rather transmits
"trans@ssimrmﬁmléhwmrébbémgh@ pfecasiingbenatii cesrpiepasashfoig e s2N' sloth RiBon
method", "number o rs", and "error correction coding method", and the reception device
obtains mfoWﬂé‘?ﬁ?H 391 hopping between precoding matrices from Table 1 by receiving the
"transmisgi@?@ rmatlon" Accordingly, by the control information decoding unit 709 obtaining the
"transmission information” transmitted by the transmission device in Fig. 40, the reception device in
Fig. 7 5 obtpiag freon the information corresponding to Table 1, a signal 710 regarding information on
the transmission method, as notified by the transmission device, which includes information for
regularly hdp@iatj @eRd6en precoding matrices. Therefore, when the number of transmission signals is
two, the sigpal processing unit 711 can perform detection based on a precoding matrix hopping pattern
to 10c}§ta|npl‘?arc'elvgd]10%' I1kelmoo%i Mtlo [0638] Note that in the above description, "transmission
information” is set with respect modulation method", "number

the er of transmi als",
of encoders”, %r]d ‘error gorrection B%lgﬂnethowif@b@ fg) nd the precoding 15 matrix hopping

method is S(E e "trahsmissi ever, it is not necessary to set the
"transmission inform &1 q\_/lg_h rw ans s ion signals”, "modulation method",
"number of encoders¥',tdnd "error-correttion coding method". For éxample, as in Table 2, the
"transmission information” may be set with respect to the "number of transmission signals" and 20
"modulation method", and the precoding matrix hopping method may be set with respect to the
"transmissi?w@é?rmation". [0639] Table 2 Number of modulated transmission signals

Let a be a fixed value (not depending on 1), where a > 0. Furthermore, let &
15 #mradians.
[0747]
Math 260
Equation 237
fori=N,N+1,N+2, ....,2N—-2,2N —I:

Fli|]=——
20 a2+1 e (021( 2 ) o X e1921

[0748]
Let a be a fixed value (not depending on i), where a > 0. (Let the a in

Equation 236 and the a in Equation 237 be the same value.)
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(number of transmit antennas) Modulation method Transmission information recoding P matrix
hopping method 1 QPSK 00000 16QAM 00001 64QAM 00010

From Condition #5 (Math 106) and Condition #6 (Math 107) in
Embodiment 3, the following conditions are important in Equation 236 for achieving
excellent data reception quality.

[0749]
5 Math 261
Condition #28

g0 00, MO0 for v vy (x2 yi %,y =042, N =2, -1)

[0750]
10 (xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and X #y.)
[0751]
Math 262
Condition #29

(u(1-G,x1-) ej(ﬁdy)*@ﬂ(y)*‘s) for vx, vy (x# y: X,y =01,2,---,N —2,N —1)

ej
15
[0752]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and X #y.)
Addition of the following condition is considered.
[0753]
20  Math 263
Condition #30
0. (x)=@,(x+N) forvx(x=0L2,-,N-2N-1)
and
0,.y)=0,(y+N) forvy(y=012--N-2,N-1)
25

[0754]
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256QAM 00011 1024QAM 00100 2 #1: QPSK, #2: QPSK 10000 D #1: QPSK, #2: 16QAM 10001 E
#1: 16QAM, #2: 16QAM 10010 E #1: 16QAM,

10

15

20

Note that instead of Equation 237, the precoding matrices in the following
Equation may be provided.
[0755]
Math 264
Equation 238
fori=N,N+1, N+2, ....,2N—-2,2N - I:

il axplfs) Q0.0
—a2+ | @0 g ej(em(u)m—&)

[0756]

Let a be a fixed value (not depending on 1), where a > 0. (Let the o in
Equation 236 and the a in Equation 238 be the same value.)

As an example, in order to distribute the poor reception points evenly with
regards to phase in the complex plane, as described in Embodiment 6, Condition #31
and Condition #32 are provided.
[0757]
Math 265
Condition #31

i (91 1(X+1)_92 l(x+1))

€ = ‘(2@ for vx (x=012,---,N —2)
0.07-0,00 € IR
e

[0758]
Math 266
Condition #32
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#2: 64QAM 10011 E #1: 64QAM, #2: 64QAM 10100 F #1: 64QAM, #2: 256QAM 10101 F #1:
256QAM, #2: 256QAM 10110 G #1: 256QAM, #2: 1024QAM 10111 G

j (911(x+1)—9 21(x+1))
i16,01-6,,x)

€ :e‘('z@ for vx (x=012,---,N -2)

€

[0759]
In other words, Condition #31 means that the difference in phase is 2n/N
5 radians. On the other hand, Condition #32 means that the difference in phase is
-21/N radians.
[0760]
Letting 01,(0) - 0,1(0) = 0 radians, letting o > 1, and letting 6 = (3n)/4
radians, the distribution of poor reception points for s1 and for s2 in the complex
10  plane when N = 4 is shown in Figs. 46A and 46B. With these settings, the period
(cycle) for hopping between precoding matrices is increased, and the minimum
distance between poor reception points for s1, as well as the minimum distance
between poor reception points for s2, in the complex plane is kept large, thereby
achieving excellent reception quality. An example in which a > 1, § = (31)/4 radians,
15 and N = 4 has been described, but the present invention is not limited in this way.
Similar advantageous effects may be obtained for n/2 radians < |§| < & radians, a > 0,
and o £ 1.
[0761]
The following conditions are possible as conditions differing from
20  Condition #30:
[0762]
Math 267
Condition #33
p!l0030.) , SO0 for vy vy (x# yi %,y = N N +LN +2,---, 2N —2,2N ~1)
25
[0763]
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#1: 1024QAM, #2: 1024QAM 11000 H [0640] In this context, the "transmission information" and
the method of setting the precoding matrix hopping method is not limited to Tables 1 and 2. As long as
a rule 5 is determined in advance for switching the precoding matrix hopping method based on

transmission parameters, such as the "number of transmission signals”, "modulation method",
"number of encoders”, "error correction coding method", or the like (as long as the transmission device
and the recéptiere deiside, Shard apredeterndhed AuléNor ih;otHeMNwdMds, 1if therprecodily matrix hopping
method is 10 switched based on any of the transmission parameters (or on any plurality of
transmissio%w)e_tré' rSsY) Mthe transmission device does not need to transmit information regarding
the precodi trix hopping method. The reception device can identify the precoding matrix hopping
method us y the transmission device by identifying the information on the transmission parameters
and can theygioreegcurately perform decoding and detection. Note that in Tables 1 and 2, a
transmission method that regularly hops between precoding matrices is used when 5 the number of
moduldted @NSIiBBIBAdsignals is two, but a transmission method that regularly hops between
precoding matricges, may be usedwhen the number of modulated transmission signals is two or
greater. [OGQ??%?é@ﬂél?ﬂ@g?%gﬂmiggroWd@(/féété’hé* decdhibi ubvice sdie £ 8bietho regarding
transmission patterns that includes information on precoding hopping methods, the transmission
device need not transmit information regarding the precoding hopping method, transmitting instead
control infogrzg®In that does not include information regarding the precoding hopping method, and the

reception device can infer the precoding hopping method by acquiring this control 15information.
(where xisN, N+ 1, N+2, ...,2N—2,2N—1;yisN,N+1, N+2, ..., 2N—2,

10 2N-1;andx#y.)

In this case, by satisfying Condition #28, Condition #29, Condition #33, and
Condition #34, the distance in the complex plane between poor reception points for
sl is increased, as is the distance between poor reception points for s2, thereby
achieving excellent data reception quality.

15  [0766]

In the present embodiment, the method of structuring 2N different
precoding matrices for a precoding hopping method with a 2N-slot time period
(cycle) has been described. In this case, as the 2N different precoding matrices, F[0],
F[1], F[2], ..., F[2N — 2], F[2N — 1] are prepared. In the present embodiment, an

20  example of a single carrier transmission method has been described, and therefore
the case of arranging symbols in the order F[0], F[1], F[2], ..., F[2N — 2], F[2N — 1]
in the time domain (or the frequency domain) has been described. The present
invention is not, however, limited in this way, and the 2N different precoding
matrices F[0], F[1], F[2], ..., F[2N— 2], F[2N — 1] generated in the present

25 embodiment may be adapted to a multi-carrier transmission method such as an
OFDM transmission method or the like. As in Embodiment 1, as a method of
adaption in this case, precoding weights may be changed by arranging symbols in

the frequency domain and in the frequency-time domain. Note that a precoding
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[0642] As described above, in the present embodiment, the transmission device does not transmit
information directly related to the method of regularly hopping between precoding matrices. Rather, a
method has been described wherein the 20 reception device infers information regarding precoding for
the "method of regularly hopping between precoding matrices” used by the transmission device. This
method yields the advantageous effect of improved transmission efficiency of data as a result of the

transmissiohogiigerethodverifitaiNislotrt sopedinscby edehteas toeemedensihortl obvé dgestynieopping
b di ices. h bodi has b ibed
changing pRSGHAGRER AL B e IR Y 2 RS TN SRR P R ent
invention m imglar ' e ! ulti- ter.tr nissi t 1as OFDM
or e ke, LD A e g T e & o the

number of traegnyssiar&idnalsethgaiesaisid(cgeldye can learn the precoding hopping method by
acquiring information, transmitted by the transmission device, on the number of transmission signals.

[0645] InthdPrésdntdescription,itisconsideredthata 10 communications/broadcasting device such as a
broadcast station, g b%Ee station, an access point, a terminal, arrél%cig‘i?lgghone, or the like.is provided

with the transmissiortHBGTER0n N B REPHHRE TR RORRYIY VErABJERIAL PESIBYterminal,
I . . i as . . "
it =G D b i iR TG SRR GO e

present degesjpligndfatt aabovemyeinations fegelieryanchpiacaeakieef fretidlitrneaieskyja some sort
of interface to a device for executing applications for a television, radio, personal computer, mobile

phone, or thiket o6 IRbergrh orasod Nth Malrtes ehteenpiesamicemymibery afkcintindedata

symbols, such as pilot symbols (preamble, unique word, postamble, reference symbol, and the like),
symbgg foﬁﬁ%ﬁ{&gﬁhﬂi%ﬁ%‘} ttﬁ%CﬁRHQHgl%lé%l’ E@ﬁn the frame in any way. While the terms

"pilot symb%EIﬁBgd'iﬁ;( P? for control information" have been used here, any term may be used,
since the fuhction itselt is what is 25 important. [0647] It suffices for a pilot symbol, for example, to

be a known symbolTheguated eitbddfiematbstatious in thartantunisgjamanhoppeniioetdeviges (or for
the reception 154 device to be able to synchronize in order to know the symbol transmitted by the

transmissioPreevadey. Mmaii ees sistithadeancenitsy Mgrdymbol for frequency synchronization, time
synchroni21$ n, channel estimation (estimation of Channel State Information (CSI) for each
modulated gﬁﬁ detection of signals, and the 5like. [0648] A symbol for control information is for

transmiting informatiog,ather Seta fofARPicAH Yt dl I%l%t(ﬂ ﬁ,‘gqﬁ iRetransmitted to the
communication partnep}or acm@?ng co#muﬁiaﬁ%@?@r eexaméﬁgl%t e mlo ula#c}):w method, error
period (cycle) with N slots, the precoding matrices prepared for the N slots are
represented as follows.
[0769]
Math 269

20  Equation 239

60,0 0,0
I

F[I]:— j i j i A+
\/ﬁ axewﬂ() ej(ezmw)

[0770]

Let o be a fixed value (not depending on i), where a > 0. Furthermore, let 6# ©
25 radians (a fixed value not dependingoni),andi=0,1,2,..., N—2,N—1.

[0771]
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10 correction coding method, coding ratio of the error correction coding method, setting information in
the upper layer, and the like). [0649] Note that the present invention is not limited to the above
Embodiments 1-5 and may be embodied with a variety of modifications. For example, the above 15
embodiments describe communications devices, but the present invention is not limited to these
devices and may be implemented as software for the corresponding communications method. [0650]
Furthermore, a predd@ing kepgitigmethodMstil ihG6methdd Gonditiomititg dlao Hdguldted signals
from two antennas has beenadﬁcrib_ed, but trﬁeﬁg)resent invention is not_Iimite%: Eéthis way. The present
[

invention ma{"BACAEENE 08I KRl 1QWIDG RO R R BFD IMPATARLHE fofl WatiA 4y eRah 8RR oding

weights (m%gg' [ g} [eolalis i de -1 hod whereby four mapped signals are precoded to generate
four modulateﬁ%ﬂggs %mt afr)e(te tranismitted from four antennas, or more generally, 25 whereby N

mapped sigiogisgre precoded to generate N modulated signals that are transmitted from N antennas.
[0651] In the description, terms such as "precoding" and "precoding weight" are used, but any
other termsMaily B&used. What matters in the present invention is the actual signal processing. [0652]
5Different data may be transmitted in streams s1(t) and s2(t), or the same data may be transmitted.
[0653] Qgﬁ'gﬁtﬁ@transmit antennas of the transmission device and the receive antennas of the
reception device shown in the figures may be formed by a plurality 10of antennas. [0654]

Programs f%%&uﬁn@)}gﬁe 'Ifﬁn?@mﬁé}'nissfgp m@tt}?ctg@é,.fgr @@mp@,_ be gtoredyn_agvance in
Read Only Memory (ROM)%and be caused to operate’by a Central Processing Unit (CPUY. 15[0655]

Furthermore, the programs for executing the above transmission method may be stored in a
computer-readable recording medium, the programs stored in the recording medium may be loaded in
the Randogf Aﬁ%Tss Memory (RAM) of the computer, and the computer may be caused to operate in
accordance Witt?the 20 programs. [0656] The components in the above embodiments may be typically

asserr_EBIed e(sigd,’airgﬁ Scaf@ I_nﬁgwa_ti?p);@,ﬁ Q,,/pt_a_ ’o,(lirlt%g[@t_eq c&rﬁ&lgg ;LrSQBVideﬂ components
[0774]
Math 271
Condition #36

ej< L(00-00-0) ej(ell(y)_921(y)_5) for vx, vy (X # y; X,y =01,2,---,N =2, N —1)

15

[0775]

(xis0,1,2,...,N—-2,N—1;yis0,1,2, ..., N—-2,N—1;and X # y.)

As an example, in order to distribute the poor reception points evenly with

regards to phase in the complex plane, as described in Embodiment 6, Condition #37
20  and Condition #38 are provided.

[0776]

Math 272

Condition #37

i (01 1(x+1)—92 1(x+1))
e
i (011()()_921()())

= ej(zrizj for vx (x=012,---,N -2)
e
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may respectively be made into discrete chips, or part or all of the components in 25 each embodiment
may be made into one chip. While an LSI has been referred to, the terms Integrated Circuit (IC),
system LSI, super LS|, or ultra LSI may be used depending on the degree of integration. Furthermore,
the method for assembling integrated circuits is not limited to LSI, and a dedicated circuit or a
general-purpose processor may be used. A Field Programmable Gate Array (FPGA), which is
programmable after the LSI is manufactured, or a reconfigurable processor, which allows
reconfiguraﬂon of the connections and settings of circuit cells inside the LSI, may be used. 5[0657]
Furthermor 71717 chnology for forming integrated circuits that replaces LSIs emerges, owing to
advances irmﬁmg;r@ductor technology or to another derivative technology, the integration of functional
blocks may naturally be accomplished using such technology. The application of biotechnology or the
like is possiohdififor&8 (Embodiment 8) The present embodiment describes an application of the
method described in Embodiments 1-4 and Embodiment 6 for regularly hopping between precoding

weights. 15[0@??!1@@)@51@1@1@)3 to the weighting method (precoding method) in the present
T
m é

embodimen@The weighting unit 600 i ratesﬁ&nfyeig tin [ 308 ag% 08B in Fig. 3. As shown
in Fig. B, the strqe@p(ﬁi(%gmg the e 2(t) corre p?é to themlfaseband sighals 307A and 307B in

Fig. 3. In othe@words, thé streams sl(t) and 20 s2(t) are the baseband signal in-phase components |
and quadrature components Q when mapped according to a modulation scheme such as QPSK,
16QAM, 64QAM, or the like. As indicated by the frame structure of Fig. 6, the stream s1(t) is
represented as sl(u) at symbol number u, as sl(u + 1) at symbol number u + 1, and so forth. Similarly,
the stream §X(#)8k represented as s2(u) at symbol number u, as 25 s2(u + 1) at symbol number u + 1,
and so forth. The weighting unit 600 receives the baseband signals th?A (51(0) and 307B_(52(t)) and

the information 315'FegHtehing Wig il iHASmAfIORSATEiY Y Jacinpliseperrenibaigishardin
accordanceYyiiheon the other hand, Condition #38 means that the difference in phase is

10  -2m/N radians.
[0779]

In this case, if n/2 radians < || < & radians, o> 0, and o # 1, the distance in
the complex plane between poor reception points for sl is increased, as is the
distance between poor reception points for s2, thereby achieving excellent data

15 reception quality. Note that Condition #37 and Condition #38 are not always
necessary.
[0780]
In the present embodiment, the method of structuring N different precoding
matrices for a precoding hopping method with an N-slot time period (cycle) has
20  Dbeen described. In this case, as the N different precoding matrices, F[0], F[1], F[2],
..., F[N = 2], F[N — 1] are prepared. In the present embodiment, an example of a
single carrier transmission method has been described, and therefore the case of
arranging symbols in the order F[0], F[1], F[2], ..., F[N — 2], F[N — 1] in the time
domain (or the frequency domain) has been described. The present invention is not,
25  however, limited in this way, and the N different precoding matrices F[0], F[1], F[2],
..., F[N— 2], FIN — 1] generated in the present embodiment may be adapted to a
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information 315 regarding weighting, and outputs the signals 309A (zl (0) and 309B (z2(t)) after
weighting in Fig. 3. [0660] At this point, when for example a precoding matrix hopping method
with an 5 N = 8 period (cycle) as in Example #8 in Embodiment 6 is used, zl(t) and z2(t) are
represented as follows. For symbol number 8i (where i is an integer greater than or equal to zero):
[0661] Math 228 10 Equation 218 [0662] Here, j is an imaginary unit, and k = 0. 15 For symbol
number 8i #Mu{De@3ievBENIRBHUMBARICH aB)ar QF DM tianenissienongifiad 81 (heidske:

As in Embodiment 1, as a method of adaption in this case, precoding weights may
be changed by arranging symbols in the frequency domain and in the frequency-time
domain. Note that a precoding hopping method with an N-slot time period (cycle)
5 has been described, but the same advantageous effects may be obtained by randomly
using N different precoding matrices. In other words, the N different precoding
matrices do not necessarily need to be used in a regular period (cycle).
[0781]
Furthermore, in the precoding matrix hopping method over an H-slot period
10  (cycle) (H being a natural number larger than the number of slots N in the period
(cycle) of the above method of regularly hopping between precoding matrices),
when the N different precoding matrices of the present embodiment are included, the
probability of excellent reception quality increases. In this case, Condition #35 and
Condition #36 can be replaced by the following conditions. (The number of slots in
15  the period (cycle) is considered to be N.)
[0782]
Math 274
Condition #35’

ej(é’n(x)‘@n(x)) * ei(en(y)—en(y)) for Ix, Iy (x = y; X,y =01,2,---,N =2,N -1)

20
[0783]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
[0784]
Math 275
25  Condition #36’

ej(‘gﬂ(x)f‘gﬂ(xw);«t ej(‘gﬂ(y)*@ﬂ(y)*é) for ax, Iy (x = y; x,y=012,---,N—2,N -1)
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vc2(8i+ a2+ 1 20 [0664] Here, k = 1. For symbol number 8i + 2: [0665] 10 5[0666] For [0667]
Math 230 Equation 220 ( Zi(8i 2)\ 2)/ Here, k symbol number Math 231 Equation 221

[0785]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
(Embodiment 13)

5 The present embodiment describes a different example than Embodiment 8.
[0786]

In the method of regularly hopping between precoding matrices over a
period (cycle) with 2N slots, the precoding matrices prepared for the 2N slots are
represented as follows.

10 [0787]
Math 276
Equation 240
fori=0,1,2,.... N—-2,N—1:

i0.,(0) il@,i)+2)

_ 1 e oxe
Fli|= ( )
921 921( +A+0
a axe e

15

[0788]

Let a be a fixed value (not depending on 1), where a > 0. Furthermore, let 6# n

radians.

[0789]
20 Math 277

Equation 241
fori=N,N+1,N+2, ...,2N—-2,2N—I:

1 L [axglon g
1= 5 j(921(i)+/1+5) i9,,0)

o t1\ e axe
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(z1(8i +3) z2(8i + 3 JoJo\ axe itkir7 Jr-\ ", s1c8i + 2)" 2), (slo3i +3) + 3), a21=2.8i+ 3:

axe

10

15

20

[0790]
Let a be a fixed value (not depending on i), where a > 0. (Let the a in
Equation 240 and the a in Equation 241 be the same value.)
Furthermore, the 2 x N x M period (cycle) precoding matrices based on
Equations 240 and 241 are represented by the following equations.
[0791]
Math 278
Equation 242
fori=0,1,2,.... N—-2,N—1:

9,1 i(9,0+4)
Fl2xNxk+i]= #2 ej(ezgmx y O@fﬁx 245
o tl\axe e
[0792]
Inthiscase, k=0,1,..., M—2, M — 1.
[0793]
Math 279

Equation 243
fori=N,N+1,N+2, ...,2N—-2,2N - I:

1 [ axg@) gl

F[2><N><k+i]=— (D s -
/a2+1 ej(ezl()’1 §Yk) axejezl( Yk)

[0794]

Inthiscase, k=0, 1, ..., M—2, M — 1. Furthermore, Xk = Yk may be true,
or Xk # Yk may be true.
[0795]
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Jo ejaxe kir7  1la2 1 J 4e, 48, &xeJ- [0668] Here, k = 3. 15 For symbol number 8i + 4: [0669]
Math 232

Precoding matrices F[0]-F[2 x N x M— 1] are thus generated (the
precoding matrices F[0]-F[2 x N x M — 1] may be in any order for the 2 x N x M
slots in the period (cycle)). Symbol number 2 x N x M X i may be precoded using
F[0], symbol number 2 x N x M x i + 1 may be precoded using F[1], ..., and symbol
5 number 2 x N x M x i + h may be precoded using F[h], for example (h =0, 1, 2, ...,
2xNxM-=2,2xNxM-1).(In this case, as described in previous embodiments,
precoding matrices need not be hopped between regularly.)
Generating the precoding matrices in this way achieves a precoding matrix
hopping method with a large period (cycle), allowing for the position of poor
10  reception points to be easily changed, which may lead to improved data reception
quality.
[0796]
The 2 x N x M period (cycle) precoding matrices in Equation 242 may be
changed to the following equation.
15 [0797]
Math 280
Equation 244
fori=0,1,2,.... N-2,N—1:

i@+ X ) i@u0)+ X +2)
F[ZX N Xk+i]:% € i, axje(g (i} 2+5)
a +1 &Xe 21 e 21
20
[0798]
Inthiscase, k=0,1,.... M—2, M — 1.
[0799]

The 2 x N x M period (cycle) precoding matrices in Equation 243 may also
25  Dbe changed to any of Equations 245-247.
[0800]
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Equation 222 (JoJo\ ( zi(si + 4)\1 Jr axe ( s1(8i+4)\ kir 7ir 4) Va 2J- +1 axe 44 8 /24), 20 [0670] Here,
k = 4. For symbol number 8i + 5: [0671] Math 233 Equation 223 [0672] Here, k = 5. For symbol
number 8i + 6: 10[0673] Math 234 Equation 224

10

15

20

Math 281
Equation 245

fori=N,N+1, N+2, ...,

F[2x N xk+i]=

[0801]

2N —2,2N—1:

1 axe (911 +Yk) ejen(”Yk)

/a.? 11 e (921( J2 5) o X ej(921(i)

Inthiscase, k=0,1,..., M—2, M — 1.

[0802]
Math 282
Equation 246

fori=N,N+1, N+2, ...,

F[2x N xk+i]=

[0803]

2N—-2,2N—1:

i9,) i(@0)+2)

1 axg@ e

‘C;ij 0V g @il )

Inthiscase, k=0,1,...,M—2, M — 1.

[0804]
Math 283
Equation 247

fori=N,N+1,N+2, ...,

FPxka+ﬂ=

[0805]

2N—2,2N —1:
1 axe@%&YJ eﬂafﬁmv&)
az‘l‘l ejezl(l) axe 921
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(Z1(8i 6)\6)/ JO1a2+1 axe axeJO;rbr7;r-J e, 48 (S1(8i 6)\6)/ 15[0674] Here, k = 6. For
symbol number 8i + 7: [0675] Math 235 20 Equation 225 [0676] Here, k = 7. [0677]

Inthiscase,k=0,1,.... M—=2, M — 1.
[0806]
Focusing on poor reception points, if Equations 242 through 247 satisfy the
following conditions,
5 [0807]
Math 284
Condition #39

ej(gﬂ(x)_eﬂ(x)) * ej(ell(Y)_‘921(y)) for vx, vy (x £ y; X,y =012,---,N —=2,N —1)

10 [0808]
(xis0,1,2,...,N—-2,N—1;yis0,1,2,...., N—-2,N—1;and X # y.)
[0809]
Math 285
Condition #40

15 ej< - 0:0)0) ej( WIF00) g VX, VY (X # V; X,y =01,2,---,N =2,N =1)

[0810]
(xis0,1,2,...,N-2,N—1;yis0,1,2, ..., N—-2,N—1;and x £ y.)
[0811]
20 Math 286
Condition #41

6..(x)= @, (x+N) forvx(x=012,-,N-2,N -1

and

0,.¥)=0,(y+N) forvy(y=012-,N-2,N-1)
25
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The symbol numbers shown here can be considered to indicate time. As 5 described in other
embodiments, in Equation 225, for example, z1(8i + 7) and z2(8i + 7) at time 8i + 7 are signals at the
same time, and the transmission device transmits z1(8i + 7) and z2(8i + 7) over the same
(shared/common) frequency. In other words, letting the signals at time T be sl(T), s2(T), zI(T), and
z2(T), then zI(T) and z2(T) are sought from some sort of precoding matrices and from sl(T) and s2(T),
and the 10 {Risthission device transmits zI(T) and z2(T) over the same (shared) frequency (at the
same time). Furthermore, in the case of using a multi-carrier transmission method such as OFDM or
B Guabn e ZH MBI

the like, and lettingt SRgHEHSEUISRESBBHERPHD evegL QLR Yeal R FMARA IR #:be sI (T,
L), s2(T, L) 2|(Te: , : ht f t of di
matsrices an(gd@ @%%%gg%i@%%@an qgﬂ%@rﬁl}gg&sﬁggme ;?;:gg]sej(o'rr, Ic_)) giﬁjcgzg? L)

over the safogishared/common) frequency (at the same time). [0678] In this case, the appropriate
value of a is given by Equation 198 or Equation 200. 20[0679] The present embodiment describes
a precading hoppingagesigianatknardaksip&toatiensiés sittyougBeld onatiefniir éodevonged
precoding matrices of Equation 190. [0680] 25Letting the period (cycle) of the precoding hopping

method be SR8 Mitferent precoding matrices are represented as follows. [0681] Math 236 Equation
226 JO F[sﬂ%ﬂﬂliir kir 2 , +1 axel,4+ 4m, JO \ axe iir kit 7ire, 4 4M 8,

Math 287
Condition #42
10 X,* X,+2xsxz forva vb(a=b;ab=012-M-2,M-1)

[0815]
(@is0,1,2,....M—-2,M—1;bis0,1,2,...., M—2,M—1;anda#b.)
(Here, s is an integer.)
15 [0816]
Math 288

Condition #43
Y.#zY,t2xuxzx forva,vb(a=b;a,b=012,---,M —2,M 1)

20 [0817]
(ais0,1,2,...M-2,M—-1;bis0,1,2, ..., M—2,M—1;anda#b.)
(Here, u is an integer.)
then excellent data reception quality is achieved. Note that in Embodiment 8,
Condition #42 should be satisfied.
25 [0818]
In Equations 242 and 247, when 0 radians< § < 2z radians, the matrices are
a unitary matrix when 6 = « radians and are a non-unitary matrix when o # « radians.

In the present method, use of a non-unitary matrix for /2 radians < [5| < & radians i
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[0682] 5In this case, i=0,1,2,3,4,5,6,7,andk=0,1,M-2, M- 1. [0683] For example, letting
M = 2 and a < 1, the poor reception points for sl 4 ) and for s2 (0) at k = 0 are represented as in Fig.
42A. Similarly, the poor reception points for sl (0) and for s2 (0) at k = 1 are represented as in Fig. 42B.
In this way, 10 based on the precoding matrices in Equation 190, the poor reception points are as in
Fig. 42A, and by using, as the precoding matrices, the matrices yielded by multiplying each term in the
second lineane thanagtaristiassiniuse Radaarane loT dgtasecsptiaogualdy Ba@)ainehddsaefaption

int tated with t to Fig, 42A Fig. 42B), (Note that. th cepti ints in Fig.
28123 253:‘2{én%EQ%wéii%@%g;?twarﬁﬁ h@’mm?iulp@cf eﬁa{g%ﬁ&%ﬁﬁﬁéﬁaﬁ@?' H?
not overla | rtRennoreg, [ inthe first line
on the rigi?tﬁ?gggdg?g%@afﬁ&juemioﬂflfgoéﬁat ermﬁ%ﬁmf s%?:%rgl)g Ine %‘%\zrﬁg ?ﬁgﬁhhggzs?é{g of

Equation 1¥pobabdlityredyobeinses octhernresediag piifieealitniHoieesase, the precoding matrices
F[O]-F[15] are represented as follows. 20[0684] Math 237 Equation 227 F [8 x k- (JO 1 j( -+Xk , a2 +1
&xe \ 45 axf981Ble-7 j +Xk+ e '48 [0685] Here,i=0,1,2,3,4,5,6,7,and k =0, 1. [0686] In this case,
when M = 2( Epnr]%%%(ljrllq {n1a45rices F[O]-F[15] are generated (the

The present embodiment describes an example of differentiating between
usage of a unitary matrix and a non-unitary matrix as the precoding matrix in the
method for regularly hopping between precoding matrices.

10  [0820]

The following describes an example that uses a two-by-two precoding
matrix (letting each element be a complex number), i.e. the case when two
modulated signals (s1(t) and s2(t)) that are based on a modulation method are
precoded, and the two precoded signals are transmitted by two antennas.

15 When transmitting data using a method of regularly hopping between
precoding matrices, the mappers 306A and 306B in the transmission device in Fig. 3
and Fig. 13 switch the modulation method in accordance with the frame structure
signal 313. The relationship between the modulation level (the number of signal
points for the modulation method in the 1Q plane) of the modulation method and the

20  precoding matrices is described.

[0821]

The advantage of the method of regularly hopping between precoding
matrices is that, as described in Embodiment 6, excellent data reception quality is
achieved in an LOS environment. In particular, when the reception device performs

25 ML calculation or applies APP (or Max-log APP) based on ML calculation, the
advantageous effect is considerable. Incidentally, ML calculation greatly impacts

circuit scale (calculation scale) in accordance with the modulation level of the

modulation method. For example, when two precoded signals are transmitted from
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5 precoding matrices F[0]-F[15] may be in any order, and the matrices F[0]-F[15] may each be
different). Symbol number 16i may be precoded using F[0], symbol number 16i + 1 may be precoded
using F[1], ..., and symbol number 16i + h may be precoded using F[h], for example (h=0, 1, 2, ..., 14,
15). (In this case, as described in previous embodiments, precoding matrices need not be hopped
between 10regularly.) Summarizing the above considerations, with reference to Equations 82-85, N-

period (cyclypasieanag, raadritessaree epedotaited bietheddlowieyfeqivwomdosiagavegnalss 15
Equation 228 6388 Here, since the period (cycle) has N slots, i=0,1,2,..., N-2 N-1.20
Eorhermor TG B, ) e BT e DB o e BB SR et by
the followi i t ' +2:+5) 1069Q] 5[0691] |
s case, 120 Epts e N e L O x M- 1
] are thus gamerathd fhodnaeiordngioatiiceP SO N 1 /= A5enalidpetie anydargdeofiomtiedy x M slots

in the period (cycle)). Symbol number Nx Mx i may be precoded using F[0], symbol number N xMxi+1

may bépretodeQABhE#[1]64. —a4PSywitas MimibedNspa+nethey 19 &4QAd0dea HsAw® Fh], for

le(h=0,1,2,..., M -2, M - 1). (In thi .as d ibed i ' bodi ts,
el (2 o Ve e b LR S e e,
this way ac{ievesia RIRERIE MAK AP RPHRG BRIV TS 1R R8P TIRd da¥aiali fHiQuinadpr the

position of poor
the reception device down to a certain circuit size, when the modulation method is

QPSK, 16QAM, or 64QAM, ML calculation ((Max-log) APP based on ML
10  calculation) is used, and when the modulation method is 256QAM or 1024QAM,
linear operation such as MMSE or ZF is used in the reception device. (In some cases,

ML calculation may be used for 256QAM.)
When such a reception device is assumed, consideration of the
Signal-to-Noise power Ratio (SNR) after separation of multiple signals indicates
15 that a unitary matrix is appropriate as the precoding matrix when the reception
device performs linear operation such as MMSE or ZF, whereas either a unitary
matrix or a non-unitary matrix may be used when the reception device performs ML
calculation. Taking any of the above embodiments into consideration, when two
precoded signals are transmitted from two antennas, the same modulation method is
20 used for two modulated signals (signals based on the modulation method before
precoding), a non-unitary matrix is used as the precoding matrix in the method for
regularly hopping between precoding matrices, the modulation level of the
modulation method is equal to or less than 64 (or equal to or less than 256), and a
unitary matrix is used when the modulation level is greater than 64 (or greater than
25  256), then for all of the modulation methods supported by the transmission system,
there is an increased probability of achieving the advantageous effect whereby
excellent data reception quality is achieved for any of the modulation methods while

reducing the circuit scale of the reception device.
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15 reception points to be easily changed, which may lead to improved data reception quality. Note that
while the N x M period (cycle) precoding matrices have been set to Equation 229, the N x M period
(cycle) precoding matrices may be set to the following equation, as described above. [0692] 20 Math
240 Equation 230 laxee(ono-FxKk)i(onciFFxk-4 F[Nxk+d- it9.0ei(021+2+8) 11a2 +1 axe [0693] In
thiscase,i=0,1,2,..,N-2,N-1,andk=0,1,M-2, M - 1. [0694] In Equations 229 and 230,
when 0 radi@882% <2i1 radians, the matrices are a unitary matrix when .3 = TE radians and are a

non-unitary matrix when .3 # TE radians, 5 In the present method, use of a ngn-unitary matrix for )1/2
adians 2 TE rac AR DR oA L L e CHA ARG SHBNTG G Tabther

bodi lent : o : : o i
Cucture, 2 B B e o1 3 R SR Y e i
Equations 2%9nnert 2B, tBafewbathily eiideratichexaalieat slatalit)ret emqnaiuivdnaseases.

[0695] (Embodiment 9)  The present embodiment describes a method for regularly hopping
betwedn pratalifgariatitewiihdghe mogidatioanisyel 3508p6] to ordesadkanibéd o Emdldaintent 8, in

precocing iR L8 prrel 5y (TN A 07t FoRERoEA il BTE 62t 60 BBt thed as

follows. 200G/ Matthsdh eanathédd where the modulation level is equal to or less than 64,
a non-unitary matrix is used as the precoding matrix in the method for regularly

hopping between precoding matrices.

10 [0823]

The case of transmitting two precoded signals from two antennas has been
described above as an example, but the present invention is not limited in this way.
In the case when N precoded signals are transmitted from N antennas, and the same
modulation method is used for N modulated signals (signals based on the
15  modulation method before precoding), a threshold By may be established for the
modulation level of the modulation method. When a plurality of modulation
methods for which the modulation level is equal to or less than By are supported, in
some of the plurality of supported modulation methods where the modulation level
is equal to or less than By, @ non-unitary matrix is used as the precoding matrices in
20 the method for regularly hopping between precoding matrices, whereas for
modulation methods for which the modulation level is greater than By, a unitary
matrix is used. In this way, for all of the modulation methods supported by the
transmission system, there is an increased probability of achieving the advantageous
effect whereby excellent data reception quality is achieved for any of the modulation
25 methods while reducing the circuit scale of the reception device. (When the
modulation level of the modulation method is equal to or less than By, a non-unitary
matrix may always be used as the precoding matrix in the method for regularly

hopping between precoding matrices.)
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25[0698] Inthiscase,i=0,1,2,..,N-2,N-1. (Leta> 0O.) Since a unitary matrix is used in the
present embodiment, the precoding matrices in Equation 231 may be represented as follows. [0699] 5
Math 242 Equation 232 F[i], 1 Va2 1 e 'ono 1921(i) axe axe 21r) [0700] 10In this case, 1=0, 1, 2, ...,
N- 2, N - 1. (Let a> O.) From Condition #5 (Math 106) and Condition #6 (Math 107) in Embodiment 3,
the following condition is important for achieving excellent data reception quality. [0701] Math 243 15
Condition #17 ed(19n1(wrabpvexdaserigtipny tye=sae modukation Nethoegpeen described as

being used in the modulation method for simultaneously transmitting N modulated

signals. The following, however, describes the case in which two or more

modulation methods are used for simultaneously transmitting N modulated signals.
5 [0824]

As an example, the case in which two precoded signals are transmitted by
two antennas is described. The two modulated signals (signals based on the
modulation method before precoding) are either modulated with the same
modulation method, or when modulated with different modulation methods, are

10  modulated with a modulation method having a modulation level of 2** or a
modulation level of 2%, In this case, when the reception device uses ML calculation
((Max-log) APP based on ML calculation), the number of candidate signal points in
the 1Q plane (received signal points 1101 in Fig. 11) is 2* x 2% = 221 %% Ag
described above, in order to achieve excellent data reception quality while reducing

15 the circuit scale of the reception device, a threshold 2° may be provided for 22 *#,
and when 2**# < 2P a non-unitary matrix may be used as the precoding matrix in
the method for regularly hopping between precoding matrices, whereas a unitary
matrix may be used when 2% % > 2F,

[0825]

20 Furthermore, when 2 *2 < 2P in some cases use of a unitary matrix may be
preferable. Based on this consideration, when a plurality of combinations of
modulation methods are supported for which 2* *# < 2P it is important that in some
of the supported combinations of modulation methods for which 2** "% < 2° a
non-unitary matrix is used as the precoding matrix in the method for regularly

25  hopping between precoding matrices.

[0826]
As an example, the case in which two precoded signals are transmitted by

two antennas has been described, but the present invention is not limited in this way.
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(xis 0,1,2,...,N- 2,N-Eyis 0, 1,2,...,N-2,N-1;andx=y.) 20[0703] Math 244 Condition #18 Ati"(41921(xY"r)
e Af9"(Y)192I(YY'nfor V x,Vy (xy; x,y =0,1,2, ,N-2,N-1)# [0704] (xis0,1,2,..,N-2,N-1;yis
0,1,2,...,N-2,N-1;and xy.) Embodiment 6 describes the distance between poor reception
points. In order to increase the distance between poor reception points, it is important for the 5 number
of slots N to be an odd number three or greater. The following explains this point. [0705] In order
to distributeFieeyentlecéptiopdplitad sigmaly (SignedydasedopHasamadhtaiiomplietbpiabefose described
in Embodiment 6, Condition #19_%nd CoHd'tion 10_#620 are provided. %@%ﬁ]@l\g th 245 Cqndition #19

15 ei0"(x+0P[8EO0IG1) B3y BR RINRL 1GOPIRER YHB APRISETS 4B od"or, when

modulated with different modulation methods, the modulation level of the

modulation method for the i modulated signal may be 2* (wherei=1,2, ..., N— 1,
5 N).

[0827]

In this case, when the reception device uses ML calculation ((Max-log) APP
based on ML calculation), the number of candidate signal points in the 1Q plane
(received signal points 1101 in Fig. 11) is 2 x 2% x ... x 2% x  x 22N = pal+az+..+

10 @*-*aN Ag described above, in order to achieve excellent data reception quality
while reducing the circuit scale of the reception device, a threshold 2" may be
provided for 221 a2+ *ai+ .. +aN,

[0828]

Math 289

15 Condition #44

2a1+a2+---+ai+---+aN _ 2Y < 2/3

where

N
Y :Z_llai

20 [0829]
When a plurality of combinations of a modulation methods satisfying Condition #44
are supported, in some of the supported combinations of modulation methods
satisfying Condition #44, a non-unitary matrix are used as the precoding matrix in
the method for regularly hopping between precoding matrices.

25 [0830]
Math 290
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forVx (x=0,1,2, ,N-2) [0708] In other words, Condition #19 means that the difference in
phase is 27c/N radians. On the other hand, Condition #20 means that the difference in phase is -27¢c/N
radians. [0709] Letting 011(0) - 021(0) = 0 radians, and letting a < 1, the distribution of poor
reception points for sl and for s2 in the complex plane for an N = 3 period (cycle) is shown in Fig. 43A,
and the distribution of poor reception points for sl and for s2 in 5 the complex plane for an N = 4 period
(cycle) is sHoondliaARigG483B. Letting 011(0) - 021(0) = 0 radians, and letting a> 1, the distribution of
poor reception points for sl and for s2 in the complex plane for an N = 3 period (cycle) is shown in Fig.
44A, and the~ghgtrationanf peairecepiion peiys for sl and for s2 in the complex plane for an N = 4
period (cycleLis shown in Fig. 44B— 0710 In this case, when considering the phase between a
line segment from the origin to a poor reception point and a half line along the real axis defined by
real? O (seenfigre43A), then for either a > lor a < 1, when N = 4, the case always occurs wherein the
phase for the poor reception points for sl and the phase for the poor 15 reception points for s2 are the
same value, (Se 01, 4302 in Fig. 43B, and 4401, 4402 in Fig. 44B.) In this case, in the complex
plane, the distan aween poor reception points becomes small. On the other hand, when N = 3, the
phase for the poor=teception points for s 1 and the phase for the poor reception points for s2 are never
the sarge value. 20[0711] Based on the above, considering how the case always occurs wherein
the phase for the poor reception points for sl and the phase for the poor reception points for s2 are the
same value[pdsar) the number of slots N in the period (cycle) is an even number, setting the number of
slots N in the period (cycle) to an odd number 25 increases the probability of a greater distance
between poor recepiiphgaehastini taey doatipleln@H s Hecsnprnet aosfanatiel afienoveibodsts N in the

iod le) j ber. H , f slots N ip th ' le) i I,
o examplSHREN 16 LGP A Bl aE LI B A URHO RS CShPRox piane
can be QUARGRILLR HE AEAHARLIENLN 258486 BISHRBIA) RAGEIRSROREAIN s

Accordingly, when 1 , even If N is an even number, cases do exist where data recéption quality

can bemuaetfieedhved 2 kRddlRiefdeaa iretbptiveihaditorisestiauydapilngbetiveemeeending

matrices based on Equation 232, when the number of slots N in the period (cycle) is set to an odd

number, thégaemlieretanipodely ekafarraay of dhecrrmtyinatings. of reeduiat an aneteeds[(RAF[N - 1 ]
are generated based on Equation 232 (the precoding matrices F[Q]-F[N - 1] may.be in order for the
N ots i OB QLB EPS R P R NPEA) Mo TRLEb AR G oy P Hbmber N +
1 may be pfﬁﬁﬁﬁ YingeERL] i abe, i a i ],-for example
(h=0,1, 2, .., Nﬁ-gz, N-1 TL(IRrﬁ?@gg%se%%e%c%e%&nﬁfr@%%@&g% m%gmgﬁ?)%%é:or%]lr?éo matrices
need not beﬂnmmﬂ)hthmgggulﬁymg I@Umhﬂlimm\_/yhen the modulation method for both sl and s2

is 16QAM, if a is set 15as follows,

15  (Embodiment 15)

The present embodiment describes an example of a system that adopts a
method for regularly hopping between precoding matrices using a multi-carrier
transmission method such as OFDM.

[0832]

20 Figs. 47A and 47B show an example according to the present embodiment
of frame structure in the time and frequency domains for a signal transmitted by a
broadcast station (base station) in a system that adopts a method for regularly
hopping between precoding matrices using a multi-carrier transmission method such
as OFDM. (The frame structure is set to extend from time $1 to time $T.) Fig. 47A

25 shows the frame structure in the time and frequency domains for the stream sl

described in Embodiment 1, and Fig. 47B shows the frame structure in the time and
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[0713] Math 247 Equation 233 V+4 a=, V2+2 20 [0714] the advantageous effect of increasing the
minimum distance between 16 x 16 = 256 signal points in the 1Q plane for a specific LOS environment
may be achieved. 25[0715] In the present embodiment, the method of structuring N different
precoding matrices for a precoding hopping method with an N-slot time period (cycle) has been
described. In this case, as the N different precoding matrices, F[O], F[1], F[2], F[N - 2], F[N - 1] are
prepared. |irgtpignessaraabtio fon s, sreaxasdpiess esihy ErvantimeahdmBgidpotacthdtthas been

described, and therefore the case of arranging symbols in the order F[Q], F[1], F[2].. F[N - 2], F[N - 1] in
tho time do g G RHCAT SACT AOMUCAT L B EERAER S B LR ASHB I, nowever
limited in thj [ i iC [ [2], FIN - 2], FIN - 1] generated
in the presﬁ%%@%%@ﬁﬁnagygggﬁgé%ﬁﬁgg dﬁﬁﬁuﬁ]&%ﬂgﬂ@ﬁ mission method such as an

OFDM trangpgssjon method or the like. As in Embodiment 1, as a method of adaption in this case,
precoding weights may be changed by arranging symbols in the frequency domain and in the

frequefcy-time donlaiRigSofe Ahane HrEtmFUepIngihusad avhvetn Eging-O6Divharpativid¢dycle) has
been described, but the same advantageous effects e obtained by randomly 15 using N different
bl ARV & S eI AHUR A L LG IaY s S R dh i bod to b

usedin a re&g@rp@é@?(ﬁg&@n Z&@]of fs P:?g}eﬁgggrg, {ﬁgﬂgtﬁqueqogigq\n}a%iéaipﬁg’o@?lmethod over

an H-slot period (c ng a natural nu rger number of slots N in‘the period 20

(cycle) of thecabevip deedtstd eiv)eg kiR hqepi)edpabvesnNEesedinmpdigeshd vdrposel Nfdifferent
precoding matrices of the present embodiment are included, the probability of excellent reception
quality incréaselsarienis cadeyigeadigoril#t Nehd CotiliieshLbealtiele geplaced MyralByolibwing
condifgns. (The mumber of sots I he Reriod (YiS) S eonsiderss 1066 N 29[0T it 248
transmission methods, it is possible to effectively capitalize on the advantages of the
transmission methods. For example, in Figs. 47A and 47B, a spatial multiplexing
MIMO system, or a MIMO system with a fixed precoding matrix is used for carrier
group #A, a MIMO system that regularly hops between precoding matrices is used
15  for carrier group #B, only stream sl is transmitted in carrier group #C, and
space-time block coding is used to transmit carrier group #D.
[0834]
Figs. 48A and 48B show an example according to the present embodiment
of frame structure in the time and frequency domains for a signal transmitted by a
20  broadcast station (base station) in a system that adopts a method for regularly
hopping between precoding matrices using a multi-carrier transmission method such
as OFDM. Figs. 48A and 48B show a frame structure at a different time than Figs.
47A and 47B, from time $X to time $X + T’. In Figs. 48A and 48B, as in Figs. 47A
and 47B, the (sub)carriers used when using OFDM are divided as follows: a carrier
25 group #A composed of (sub)carrier a — (sub)carrier a + Na, a carrier group #B
composed of (sub)carrier b — (sub)carrier b + Nb, a carrier group #C composed of

(sub)carrier ¢ — (sub)carrier ¢ + Nc, a carrier group #D composed of (sub)carrier d —

(sub)carrier d + Nd, .... The difference between Figs. 47A and 47B and Figs. 48A
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eik(41921(4)1021(0)fora, a (x#y; x,y=0,1,2, ,N-2,N-1)[0718] (xis 0,1,2,...,N-2,N-Eyis O,
1,2,...,N-2,N-1;andx=y.) 5[0719] Math 249 Condition #18' ei(e,p)-1921(x)-0# effe,1)-1921(y)--)for ax, y
x#y;x,y=0,1,2, ,N-2, N-1)10[0720] (xis0,1,2,...,N-2,N-1;yis0,1,2,..,N-2,N-1;
and x y.) (Embodiment 10) The present embodiment describes a method for regularly hopping
between precoding matrices using a unitary matrix that differs from the example in 15 Embodiment 9.
[0721] pndnéSia athtdiofregmarbarigspanoupe s i gesndrsiog meathodsiseera bigsod (éycle) with
2N slots, the precod repared for.the 2N slgts are represented as follows. 20[21%722] Math

1

750 A B HTERes o5 eSO TIRO ooh, oLy, SO ALUIER: 1D
\axen921(i)4fN 23] 4-95# Pe A IXGTAKIE R AUSAFRENIINBRN b WARR R crrier group #A, a

MIMO system that regularly hops between precoding matrices is used for carrier
5 group #B, a MIMO system that regularly hops between precoding matrices is used
for carrier group #C, and only stream sl is transmitted in carrier group #D.
[0835]
Next, the supported transmission methods are described.
[0836]
10 Fig. 49 shows a signal processing method when using a spatial multiplexing
MIMO system or a MIMO system with a fixed precoding matrix. Fig. 49 bears the
same numbers as in Fig. 6.
[0837]
A weighting unit 600, which is a baseband signal in accordance with a
15  certain modulation method, receives as inputs a stream s1(t) (307A), a stream s2(t)
(307B), and information 315 regarding the weighting method, and outputs a
modulated signal z1(t) (309A) after weighting and a modulated signal z2(t) (309B)
after weighting. Here, when the information 315 regarding the weighting method
indicates a spatial multiplexing MIMO system, the signal processing in method #1
20  of Fig. 49 is performed. Specifically, the following processing is performed.
[0838]
Math 291
Equation 250

) (" 0 | sit)
z2t)) |0 @ )\s2t)
1 0)slt)) (sit)
0 1)s

2(t)) " s2(t)
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[0724] 5 Math 251 Equation 235 fori,N,N+1,N+2N- 2, 2N-1: 41- 7a x eion(i) 1e Va2 +1en921(i)a x

ei(0210)241 10[0725] Let a be a fixed value (not depending on i), where a > 0. (Let the a in

Equation 234 and the a in Equation 235 be the same value.) From Condition #5 (Math 106) and

Condition #6 (Math 107) in Embodiment 3, the following conditions are important in Equation 234 for

achieving 15excellent data reception quality. [0726] Math 252 Condition #21 ed(e"1(4)#

ed(e '(0-e2.,(0)for Vx,Vy (x#vy; xy=0,1,2, ,N-2,N-1)20[0727] (xis 0,1, 2,...,N- 2,N- 1;yis O, 1,
..... N- 2,N- #y.) [0728] Math 253 25 Condltlon #22 [0729] (xis O, 1, 2,...,N- 2,N- Eyis O, 1,

N- 2Nl}i§ﬁ xiy.)

When a method for transmitting one modulated signal is supported, from
the standpoint of transmission power, Equation 250 may be represented as Equation
5 251.
[0840]
Math 292
Equation 251

(34 2

56 - T

s2(t)

=
1
V2

10

[0841]

When the information 315 regarding the weighting method indicates a

MIMO system in which precoding matrices are regularly hopped between, signal

processing in method #2, for example, of Fig. 49 is performed. Specifically, the
15 following processing is performed.

[0842]

Math 293

Equation 252

Zl(t) B 1 ejen axej(en"%) Sl(t)

22(t) _\/a2+1 axejeﬂ ej(efm) s2(t)
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Addition of the following condition is considered. 5[0730] Math 254 Condition #23 On (x)= On(x+ N) for
Vx (x=0,1,2, ,N-2,N-1)and 10(Y)=+for Vy (y =0,1,2, ,N-2,N-1) [0731] Next, in order to
distribute the poor reception points evenly with regards to phase in the complex plane, as described in
Embodiment 6, Condition #24 and 15 Condition #25 are provided. [0732] Math 255 Condition #24
ei(t9"(x+1)-t 9 2,(x+i)) N, [0733] Math 256 Condition #25 for Vx (x =0,1,2, ,N-2) [0734] In
other wordd084dkition #24 means that the difference in phase is 27¢/N 5 radians. On the other hand,
Condition #25 means that the difference in phase is -27¢/N radians. [0735] Letting OH(0) - 020) =
0 radians, and lettind®S Y1uHédtABARH o566 EBEDtion points for sl and for s2 in the complex

plane When[{}gz_m‘] is shown in Figs.

Fig. 50 shows the structure of modulated signals when using space-time
5 block coding. A space-time block coding unit (5002) in Fig. 50 receives, as input, a
baseband signal based on a certain modulation signal. For example, the space-time
block coding unit (5002) receives symbol s1, symbol s2, ... as inputs. As shown in
Fig. 50, space-time block coding is performed, z1(5003A) becomes “sl1 as symbol
#0”, “-s2* as symbol #0”, “s3 as symbol #2”, “-s4* as symbol #3”..., and z2(5003B)
10  becomes “s2 as symbol #0”, “s1* as symbol #1”, “s4 as symbol #2”, “s3* as symbol
#3”.... In this case, symbol #X in z1 and symbol #X in z2 are transmitted from the
antennas at the same time, over the same frequency.
[0845]
In Figs. 47A, 47B, 48A, and 48B, only symbols transmitting data are shown.
15 In practice, however, it is necessary to transmit information such as the transmission
method, modulation method, error correction method, and the like. For example, as
in Fig. 51, these pieces of information can be transmitted to a communication
partner by regular transmission with only one modulated signal z1. It is also
necessary to transmit symbols for estimation of channel fluctuation, i.e. for the
20  reception device to estimate channel fluctuation (for example, a pilot symbol,
reference symbol, preamble, a Phase Shift Keying (PSK) symbol known at the
transmission and reception sides, and the like). In Figs. 47A, 47B, 48A, and 48B,
these symbols are omitted. In practice, however, symbols for estimating channel
fluctuation are included in the frame structure in the time and frequency domains.
25  Accordingly, each carrier group is not composed only of symbols for transmitting
data. (The same is true for Embodiment 1 as well.)
Fig. 52 is an example of the structure of a transmission device in a broadcast

station (base station) according to the present embodiment. A transmission method
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10 45A and 45B. As is clear from Figs. 45A and 45B, in the complex plane, the minimum distance
between poor reception points for sl is kept large, and similarly, the minimum distance between poor
reception points for s2 is also kept large. Similar conditions are created when a < 1. Furthermore,
making the same considerations as in Embodiment 9, the probability of a greater distance between 15
poor reception points in the complex plane increases when N is an odd number as compared to when
N is an evefatenmibaing-onié 2 0bheteienm nesithfoneravaplefwtasriatss neodudatinnimethaistance
between poor rece‘g)tion_points IEB ﬁ&e é:om lex lanfgcan be guaranteed to be a certain length, since
[

the numbere{)'fop.;oﬁ HECUoS | I..r HOolGin Gl O ECHAB CRUKIYit Nai'gsﬁ_Hsé number,
cases do 2Q eyl %qﬁéﬁtﬁﬁf}ﬁ@ga’?&Vﬁlé}yggéﬂpbﬁogn%gﬁ?mgﬁdcdggggr@q% 9ffy)In the method for

regularly hopping between precoding matrices base uations , whén N is set to an
odd numbe[p8agprobability of improving data reception quality is high. Precoding matrices F[0]-F[2N -
1] are 25 generated based on Equations 234 and 235 (the precoding matrices F[0]-F[2N - 1] may be
arrang@d in any ord@r fdothdated srighi tigenseaidro(cybie) i SythBol nLimraeizrs, nasy biptecoded

using F[0], symbol numpher 2Nj + 1 be precqded using F[1], ..., and symbol number 2N x i + h may
b precode B G Gl kAT SO ZI0Nab s DI, A RO A i
previous e | ' ' ] e i rmore,
Ihen the 5 o B R Lt e e S e
advantageque@ffent gfdncrassinatéaesgiimenisiesngdbateeartiah ord@p=206f5ugal Hoits in the 1Q
plane for a specific LOS environment may be achieved. [0737] The following conditions are
possible asbthdiidnaaifédiRg from 10 Condition #23: [0738] Math 257 Condition #26 ei(19"(4-02,(4)

ei(19"2,(A)for Vx, Vy (xy; X, y = N,N+1,N + 2, 2N - 2,2N -1) 15 [0739] (where xisN, N+ 1, N +
2, ..., N - ,O%I?] L;yisN,N+1, N+2, ...,2N-2,2N - 1; and x y.) [0740] 20 Math 258 Condition #27

Similarly, a modulated signal generating unit #2 (5201_2) receives, as input,
information (5200_2) and the control signal (5206) and, based on the information on
the transmission method in the control signal (5206), outputs a modulated signal z1
(5202_2) and a modulated signal z2 (5203 _2) in the carrier group #B of Figs. 47A,

15 47B, 48A, and 48B.
[0848]

Similarly, a modulated signal generating unit #3 (5201_3) receives, as input,
information (5200_3) and the control signal (5206) and, based on the information on
the transmission method in the control signal (5206), outputs a modulated signal z1

20  (5202_3) and a modulated signal z2 (5203 _3) in the carrier group #C of Figs. 47A,
47B, 48A, and 48B.
[0849]

Similarly, a modulated signal generating unit #4 (5201_4) receives, as input,

information (5200_4) and the control signal (5206) and, based on the information on
25  the transmission method in the control signal (5206), outputs a modulated signal z1

(5202_4) and a modulated signal z2 (5203_4) in the carrier group #D of Figs. 47A,

47B, 48A, and 48B.

[0850]
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ei(0"(4-92.,(, 6,1(0"(Y)-onfor Vx, Vy (xy; X, y=N,N+1,N+ 2, 2N -2,2N -1) [0741] 25(where x is N,
N+1,N+2, ...,,2N-2,2N-1;yisN,N+1,N+2,...,2N-2,2N-1;and x y.) In this case, by
satisfying Condition #21, Condition #22, Condition #26, and Condition #27, the distance in the complex
plane between poor reception points for s 1 is increased, as is the distance between poor reception
points for s2, thereby achieving excellent data reception quality. [0742] In the present embodiment, the
method of structurindyBiie ditierehn\Brpiscing gueasicérefeamprécdtingfnb gpoty latethsionedh a 2N-slot

time period (cycle). has been described. In this case, as the 2N different precoding matrices, F[0], F[1],
F[2], F[2N -S4 ﬁ@'&%&éﬁ%@gwﬁ%@%ﬁé&m‘ SEsaine AL AN ahple of a single carrier

transmissio Tod has been described, and therefore the case of arranging symbols in the order
F[O], F[1], FIF%?E?—' 2N - 2], F[2N - 1] 10 in the time domain (or the frequency domain) has been

described. The presintilaMgntiomisonfitdaovigHer, densediiy thisivvam aedcheMN difteves! asecoding
matrices F[O], F[1], F[2], F[2N - 2 ], F[2N - 1 ] generated in the present embodiment may be adapted to
a multiarrigptianiiassiaiome{bdshih agcarie Frontiehrsigiaki¢doRhattoratediken Aken

Embodiment 1, thod of 15 adaption in thi . precoding weight be changed b
arranging YT AP cHo 0P B eI A GOl BB PO A Precoding

hopping merré}ﬁﬁiI j 2N-slof ti en cle Ihed, t tageous
effects may be oﬁ%gd ?ﬁg%dggrg?)? Uigfgég% %:ii eren@ﬁ%c%@ﬁr% %:Sr%ggfq\ﬂ)zngv%%ﬁ S, the 2N
different pregedirgyroapices do not necessarily 20need to be used in a regular period (cycle). [0743]
Furthermore, in the precoding matrix hopping method over an H-slot period (cycle) (H being a natural
number lard@B%2dn the number of slots 2N in the period (cycle) of the above method of regularly

embodtnent are nCATGH 0 SPUEIHGPFSRE A heHo R A3 HEVERCRE. (R9AHBHRont 10)
e O R e s e
a 5 period (gysie) wBh AN slotiulthedpsepading NEROZES)PIe ek oyt 2PCs|ate anedeRiegented as
follows. [0745] Math 259 Equation 236 10fori=0,1,2,...,N-2,N-1:
signal z1 (5202_4) in carrier group #D, ..., the modulated signal z1 (5202_M) in a
certain carrier group #M, and the control signal (5206), performs processing such as
15 reordering, inverse Fourier transform, frequency conversion, amplification, and the
like, and outputs a transmission signal (5208 _1). The transmission signal (5208_1)
Is output as a radio wave from an antenna (5209 _1).
[0853]
Similarly, an OFDM related processor (5207_2) receives, as inputs, the
20  modulated signal z1 (5203 _1) in carrier group #A, the modulated signal z1 (5203 _2)
in carrier group #B, the modulated signal z1 (5203 3) in carrier group #C, the
modulated signal z1 (5203 _4) in carrier group #D, ..., the modulated signal z1
(5203_M) in a certain carrier group #M, and the control signal (5206), performs
processing such as reordering, inverse Fourier transform, frequency conversion,
25 amplification, and the like, and outputs a transmission signal (5208 2). The

transmission signal (5208 _2) is output as a radio wave from an antenna (5209_2).

[0854]
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ax ei(o io+ e ,axeion(i)eJ(021(0+,1+,5) [0746]

Let a be a fixed value (not depending on i),

where a > 0. Furthermore, let .5 157C radians. [0747] Math 260 Equation 237 fori=N, N+ 1, N + 2,

.+.2N-2,2N-1: (1la Va2+1 eaxe one) [0748]

where a > 0. (Let the a in Equation 236 and the a in Equation 237 be the same value.) 177
Condition #5 (Math 106) and Condition #6 (Math 107) in Embodiment 3, the following conditions are
important in Equatidnig238 fhosehrvgiepdedra siatstiaeadiibe qmedinatpozzignsl igenaraBngCondition
#28 eJ(O"(4-021(%# el(O"(Y%-OZS&Y))for VX, V

10

15

20

25

Xy; X, y=0,12, N-2,N-1 i
units #1-#M'In"F An error %gregtionyenco&er (5302) recelve)s, as inputs,

g.
information (5300) and a control signal (5301) and, in accordance with the control
signal (5301), sets the error correction coding method and the coding ratio for error
correction coding, performs error correction coding, and outputs data (5303) after
error correction coding. (In accordance with the setting of the error correction
coding method and the coding ratio for error correction coding, when using LDPC
coding, turbo coding, or convolutional coding, for example, depending on the
coding ratio, puncturing may be performed to achieve the coding ratio.)

An interleaver (5304) receives, as input, error correction coded data (5303)
and the control signal (5301) and, in accordance with information on the
interleaving method included in the control signal (5301), reorders the error
correction coded data (5303) and outputs interleaved data (5305).

[0855]

A mapper (5306_1) receives, as input, the interleaved data (5305) and the
control signal (5301) and, in accordance with the information on the modulation
method included in the control signal (5301), performs mapping and outputs a
baseband signal (5307_1).

[0856]

Similarly, a mapper (5306_2) receives, as input, the interleaved data (5305)
and the control signal (5301) and, in accordance with the information on the
modulation method included in the control signal (5301), performs mapping and
outputs a baseband signal (5307_2).

[0857]

A signal processing unit (5308) receives, as input, the baseband signal
(5307_1), the baseband signal (5307_2), and the control signal (5301) and, based on
information on the transmission method (for example, in this embodiment, a spatial

multiplexing MIMO system, a MIMO method using a fixed precoding matrix, a
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[0750] 10(xis 0,1, 2,...,N- 2,N-Eyis O, 1, 2,...,N- 2,N-1;andx#y.) [0751] Math 262 Condition #29
ei(8"(4-821(4-8)ife (y)-8 (y)-81for Vx, Vy (xy;x,y =0,1,2, , N -2, N-1) 15[0752] (xis 0,1, 2,...,N-
2,N-Eyis 0, 1, 2,...,N- 2,N-1;andx#y.) Addition of the following condition is considered. [0753] 20 Math
263 Condition #30 011(9=011(x+N) and for Vx (x=0,1,2, ,N-2,N-1) 1921(Y)N)forVy (y =0,1,2,
,N-2,N-1) 25 [0754] Note that instead of Equation 237, the precoding matrices in the following
Equation mbBii Mprerticed fo0 768 Inrdyropri BoEkpiveen BB GdiNg-matNces] spreetimeg black2, 2N - 1:

coding, or a transmission method for transmitting only stream s1) included in the
control signal (5301), performs signal processing. The signal processing unit (5308)
outputs a processed signal z1 (5309 1) and a processed signal z2 (5309 2). Note
5 that when the transmission method for transmitting only stream sl is selected, the
signal processing unit (5308) does not output the processed signal z2 (5309 2).
Furthermore, in Fig. 53, one error correction encoder is shown, but the present
invention is not limited in this way. For example, as shown in Fig. 3, a plurality of
encoders may be provided.
10  [0858]
Fig. 54 shows an example of the structure of the OFDM related processors
(5207_1 and 5207_2) in Fig. 52. Elements that operate in a similar way to Fig. 14
bear the same reference signs. A reordering unit (5402A) receives, as input, the
modulated signal z1 (5400 _1) in carrier group #A, the modulated signal z1 (5400 2)
15 in carrier group #B, the modulated signal z1 (5400_3) in carrier group #C, the
modulated signal z1 (5400_4) in carrier group #D, ..., the modulated signal z1
(5400_M) in a certain carrier group, and a control signal (5403), performs reordering,
and output reordered signals 1405A and 1405B. Note that in Figs. 47A, 47B, 48A,
48B, and 51, an example of allocation of the carrier groups is described as being
20  formed by groups of subcarriers, but the present invention is not limited in this way.
Carrier groups may be formed by discrete subcarriers at each time interval.
Furthermore, in Figs. 47A, 47B, 48A, 48B, and 51, an example has been described
in which the number of carriers in each carrier group does not change over time, but
the present invention is not limited in this way. This point will be described
25  separately below.
[0859]
Figs. 55A and 55B show an example of frame structure in the time and

frequency domains for a method of setting the transmission method for each carrier
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1 ax e J911(i)ei(eio-F4 21-5) 1a2 +1ej921(i)ax i(e0)+2 [0756] 10Let a be a fixed value (not depending
on i), where a > 0. (Let the a in Equation 236 and the a in Equation 238 be the same value.)
example, in order to distribute the poor reception points evenly with regards to phase in the complex
plane, as described in Embodiment 6, Condition #31 and Condition #32 are provided. 15[0757] Math
265 Condition #31 20[0758] Math 266 Condition #32 ei(811(x+1)-821(x+1)) _ ei811-821(x))e for Vx
(x=0,1,2, graup,2s in Figs. 47A, 47B, 48A, 48B, and 51. In Figs. 55A and 55B, control

10

15

20

25

information symbols are labeled 5500, individual control information symbols are
labeled 5501, data symbols are labeled 5502, and pilot symbols are labeled 5503.
Furthermore, Fig. 55A shows the frame structure in the time and frequency domains
for stream s1, and Fig. 55B shows the frame structure in the time and frequency
domains for stream s2.

[0860]

The control information symbols are for transmitting control information
shared by the carrier group and are composed of symbols for the transmission and
reception devices to perform frequency and time synchronization, information
regarding the allocation of (sub)carriers, and the like. The control information
symbols are set to be transmitted from only stream s1 at time $1.

[0861]

The individual control information symbols are for transmitting control
information on individual subcarrier groups and are composed of information on the
transmission method, modulation method, error correction coding method, coding
ratio for error correction coding, block size of error correction codes, and the like for
the data symbols, information on the insertion method of pilot symbols, information
on the transmission power of pilot symbols, and the like. The individual control
information symbols are set to be transmitted from only stream s1 at time $1.

[0862]

The data symbols are for transmitting data (information), and as described
with reference to Figs. 47A through 50, are symbols of one of the following
transmission methods, for example: a spatial multiplexing MIMO system, a MIMO
method using a fixed precoding matrix, a MIMO method for regularly hopping
between precoding matrices, space-time block coding, or a transmission method for
transmitting only stream s1. Note that in carrier group #A, carrier group #B, carrier

group #C, and carrier group #D, data symbols are shown in stream s2, but when the
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[0759] In other words, Condition #31 means that the difference in phase is 27¢/N 5 radians. On
the other hand, Condition #32 means that the difference in phase is -27c/N radians. [0760] Letting
011(0) - 021(0) = 0O radians, letting a > 1, and letting .5 = 070/4 radians, the distribution of poor
reception points for s 1 and for s2 in the complex 10 plane when N = 4 is shown in Figs. 46A and 46B.
With these settings, the period (cycle) for hopping between precoding matrices is increased, and the
minimum digensoddseanvsetinsoforctepsivittihaines iy skEamm slels asatiel msamripastistaate dsetween
poor reception points for s2, in the complex plane is kept large, thereby achieving excellent reception
quality. An QQég\ﬁéMW R SU8RM8 $2070/4 radians, 15 and N = 4 has been described, but the
present invibéi@%is not limited in this way. Similar advantageous effects may be obtained for )1/2
radians< < radians, a> 0, and a 1. [0761] The following conditions are possible as

conditions differing faen Bllot osytitiass#30e [(Fop 2} datteciptironstitage #83 fesribrnVychadnel y = NN
+1,N +2,,2N -2,2N -1) 25 [0763] (where xisN,N+1,N+2,...,2N-2,2N-1;yisN,N+1, N+ 2, ...,
2N - 2,DN- tnBiaN) {67 6upsiiatatedR NIt eRORCINGIY Pox(Hxy-EN, e+t Narel h2x02,2N-1)
[0765] (where xisN,N+1 N+2 ... 2N-2 2N-1:yisN,N+1, N+2, ... 2N-2, 10 2N-
Eanchety) ™ TR a8el By R R REBE RGN 4TRSS ARS8 SH Conditor
o S AL 81BN RO SRR
corresponding to hyy(t), hio(t), hyi(t), and hy,(t) in each subcarrier.) Accordingly, the
PSK transmission method, for example, is used for the pilot symbols, which are
10  structured to form a pattern known by the transmission and reception devices.
Furthermore, the reception device may use the pilot symbols for estimation of
frequency offset, estimation of phase distortion, and time synchronization.
[0864]
Fig. 56 shows an example of the structure of a reception device for
15  receiving modulated signals transmitted by the transmission device in Fig. 52.
Elements that operate in a similar way to Fig. 7 bear the same reference signs.
[0865]
In Fig. 56, an OFDM related processor (5600 X) receives, as input, a
received signal 702_X, performs predetermined processing, and outputs a processed
20  signal 704_X. Similarly, an OFDM related processor (5600_Y) receives, as input, a
received signal 702_Y, performs predetermined processing, and outputs a processed
signal 704_Y.
[0866]
The control information decoding unit 709 in Fig. 56 receives, as input, the
25  processed signals 704_X and 704 _Y, extracts the control information symbols and
individual control information symbols in Figs. 55A and 55B to obtain the control

information transmitted by these symbols, and outputs a control signal 710 that

includes the obtained information.
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15[0766] In the present embodiment, the method of structuring 2N different precoding matrices for
a precoding hopping method with a 2N-slot time period (cycle) has been described. In this case, as the
2N different precoding matrices, F[0], F[1], F[2], F[2N - 2], F[2N - 1] are prepared. In the present
embodiment, an 20 example of a single carrier transmission method has been described, and
therefore the case of arranging symbols in the order F[0], F[1], F[2], F[2N - 2], F[2N - 1] in the time
domain (or [A867¢quency domain) has been described. The present invention is not, however, limited

in thi , and the_2N diff t dj tri F[O], F[1], F[2], F[2N - 2 ], F[2N - 1 ted i
ihe prosant 25 embbE Ry e URHBREER H PR 09 i N MR 24 o OF DM
the preser e/ e Uekihecrt e i
weights mesy e A B A e S5 OBl 10 e ALy B S B PR e

domain. Nogadhatleeprieeasbnd herpiaer eetrodpiisadrdtlsjohimecastins deviie) trsdesigaddescribed,
but the same advantageous effects may be obtained by randomly using 2N different precoding

matriceés. [rcatrier gk, tisl NP peshighralasihgatiatisigealo’ A6t hecessarily need to be used in a
regular periﬁ)d%éc%cle). 5[0767] Furthermore, in the precoding matrix hopping method over an
H-slot perio le) (H being a natural number larger than the number of slots 2N in the period (cycle)

of the above methodcflgMHY bARRIER RAEER PEEERRIRRIANICFSY e e ANlTRe

precoding matrices o esent embodiment are included, e pro excellent reception
quality increpges. AE rebeiisscad iduts, thEnsrdresedtsgnapdmext geseribesraralatiypdlfgroegularly
hopping between precoding matrices using a non-unitary matrix. [0768] 15In the method of regularly
hopping beReennmscdaiing restirsioovier thpeaodefcgeneipwaNretoty the peeeplintydedicres

prepared foy the N slots are represented as follows. [0769] Math 269 20 E ion 239 (19 () d-V
12axt(1,=a:[, AR HaD Fa s W@(@é“f&f‘f@}'tsvé_%&%ﬁ ﬁsﬁ@@f\%\ﬁ@fﬁtﬂyﬁgp nding on i), where a >

0. Furtherrrw&djat 3=TE

Similarly, the channel fluctuation estimating unit 705_1 for the modulated
signal z1 receives, as inputs, the processed signal 704 _Y and the control signal 710,
performs channel estimation in the carrier group required by the reception device
15  (the desired carrier group), and outputs a channel estimation signal 708_1.
[0870]
Similarly, the channel fluctuation estimating unit 705_2 for the modulated
signal z2 receives, as inputs, the processed signal 704_Y and the control signal 710,
performs channel estimation in the carrier group required by the reception device
20  (the desired carrier group), and outputs a channel estimation signal 708_2.
[0871]
The signal processing unit 711 receives, as inputs, the signals 706 _1, 706_2,
708 1, 708 2, 704 X, 704_Y, and the control signal 710. Based on the information
included in the control signal 710 on the transmission method, modulation method,
25  error correction coding method, coding ratio for error correction coding, block size
of error correction codes, and the like for the data symbols transmitted in the desired
carrier group, the signal processing unit 711 demodulates and decodes the data

symbols and outputs received data 712.
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25radians (a fixed value not dependingoni),andi=0,1, 2, ..., N-2, N - 1. [0771]

From Condition

#5 (Math 106) and Condition #6 (Math 107) in Embodiment 3, the following conditions are important in
Equation 239 for achieving excellent data reception quality. [0772] 5 Math 270 Condition #35 #for VX,
Vyxy; x,y=0,1,2, ,N-2N-1)[0773] 10(xis 0,1, 2,...,N- 2,N- Eyis O, 1, 2,...,N- 2,N- 1;andx#y.)
[0774] Math 271 Condition #36 eA0"(x)-021(4-8)# eA0"(y)-(921(y)-8)for Vx, Vy (xy; x,y =0,1,2, , N -

2,N-1) 15 [(38™](xis 0,1, 2,..,N-2,N-1;yis0,1,2,..,N-2,N-1;and x y.)

As an

example, in order to distributg the poor recg‘jljtionQ%oiiz ts even@ with r([e:lgards to ha\?ﬁe@in the complex
' 0

plane, as described W ERbS
272 Conditi
Condition #

10

15

20

25

PHent’s EBHekHEh 0QRE MorIRIGH #58%5ra%5%0

signal (5700), performs frequency conversion, and outputs a frequency converted
signal (5702).
[0873]

A Fourier transformer (5703) receives, as input, the frequency converted
signal (5702), performs a Fourier transform, and outputs a Fourier transformed
signal (5704).

[0874]

As described above, when using a multi-carrier transmission method such as
an OFDM method, carriers are divided into a plurality of carrier groups, and the
transmission method is set for each carrier group, thereby allowing for the reception
quality and transmission speed to be set for each carrier group, which yields the
advantageous effect of construction of a flexible system. In this case, as described in
other embodiments, allowing for choice of a method of regularly hopping between
precoding matrices offers the advantages of obtaining high reception quality, as well
as high transmission speed, in an LOS environment. While in the present
embodiment, the transmission methods to which a carrier group can be set are “a
spatial multiplexing MIMO system, a MIMO method using a fixed precoding matrix,
a MIMO method for regularly hopping between precoding matrices, space-time
block coding, or a transmission method for transmitting only stream s1”, but the
transmission methods are not limited in this way. Furthermore, the space-time
coding is not limited to the method described with reference to Fig. 50, nor is the
MIMO method using a fixed precoding matrix limited to method #2 in Fig. 49, as
any structure with a fixed precoding matrix is acceptable. In the present embodiment,
the case of two antennas in the transmission device has been described, but when the

number of antennas is larger than two as well, the same advantageous effects may be
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ei(811(-1)-821(,1)) 5 e1(4) (4-t92,e 22z; for Vx (x =0,1,2, ,N-2) [0778] In other words,
Condition #37 means that the difference in phase is 27c/N radians. On the other hand, Condition #38
means that the difference in phase is 10-27c¢/N radians. [0779] In this case, if it/2 radians<< TE
radians, a > 0, and a 1, the distance in the complex plane between poor reception points for s 1 is
increased, as is the distance between poor reception points for s2, thereby achieving excellent data 15
reception qaelitgvedoly tlde\wivadiaosetstiand Cartinemisssmrsaibodiiosgacie cesdangrmmso] In

the present embodiment, the method of structuring N different precoding matrices for a precoding
nopping mefiEh MG 7B 1B JMFIBE (5 QUGS B CbrrbAbeeRi  GAge: e

(ifferent presedia AN seS. PO Rbindd Mo 2hefllhryy] AEB AP Betldarrereres

embodiment, an ex e of a single carrier transmissio een described, andtherefore

the case of penangk) s pxteapiseibibekosdeingOdr F ktafrdalissidh-rabtidt fok] iraiRamitmeydemnain (or the

frequency domain) has been described. The present invention is not, 25 however, limited in this way,
and the N ditfepsnsprecoding matrices F[0], F[1], F[2], F[N - 2], F[N - 1] generated in the present

embodimertggma be adapted to a multi-carrier transmission method such as an OFDM transmission
method or tH¥fiR&. As in Embodiment 1, as a method of adaption in this case, precoding weights may

be changed by arrapging ' |%ngf' ' -1 ofpain. Note
that a precoding hsﬁﬁﬁg%’g@gﬁ v%?a%nﬁmtléoeﬂ?{ne perioﬁqgsgﬁﬂqégssog?&g }écgs@ﬁgieéﬁ %ﬂut the
same advagitieofroaiies.nanbamptaigad MsBandeBly Usirid difilkrammragadingenarices. In

other words, the N different precoding matrices do not necessarily need to be used in a regular period
(cycle). [0783 - udiitbrbfdie, GArtirs pge@definhavetirIeoibethgpmdgiog dasmad Hpdrpepedf
10  subcarriers. In Figs. 58A and 58B, on the other hand, the carriers in a carrier group
are arranged discretely. Figs. 58A and 58B show an example of frame structure in
the time and frequency domains that differs from Figs. 47A, 47B, 48A, 48B, 51,
55A, and 55B. Figs. 58A and 58B show the frame structure for carriers 1 through H,
times $1 through $K. Elements that are similar to Figs. 55A and 55B bear the same
15  reference signs. Among the data symbols in Figs. 58A and 58B, the “A” symbols are
symbols in carrier group A, the “B” symbols are symbols in carrier group B, the “C”
symbols are symbols in carrier group C, and the “D” symbols are symbols in carrier
group D. The carrier groups can thus be similarly implemented by discrete
arrangement along (sub)carriers, and the same carrier need not always be used in the
20 time domain. This type of arrangement yields the advantageous effect of obtaining
time and frequency diversity gain.
[0876]
In Figs. 47A, 47B, 48A, 48B, 51, 58A, and 58B, the control information
symbols and the individual control information symbols are allocated to the same
25 time in each carrier group, but these symbols may be allocated to different times.
Furthermore, the number of (sub)carriers used by a carrier group may change over
time.

[0877]
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10 (cycle) (H being a natural number larger than the number of slots N in the period (cycle) of the
above method of regularly hopping between precoding matrices), when the N different precoding
matrices of the present embodiment are included, the probability of excellent reception quality
increases. In this case, Condition #35 and Condition #36 can be replaced by the following conditions.
(The number of slots in 15the period (cycle) is considered to be N.) [0782] Math 274 Condition #35'
ej(el(x)-(92Hmpodinerty 18921 (y))fort, Y (xy; x,y =0,1,2, ,N-2, N -1) 20 [0783] (xis O, 1, 2,...,N-
2,N- Eyis 0, 1, 2,...,N- 2,N-1;andx#y.) [0784] Math 275 25 Copdition #36' .eic9"(x)-021(x)-6)#
e R (Hpriaes & feeag

e1(0h10218) for a, SHEEMR 30, Upg _Pragent ) phof syt €9 a is 0, 1,

2,...,N-2,N-1: = . ' e ' ' t example
than Embodrﬁ%ae[r%thg )?gégfﬁqbr? g@%ﬁt&@é@%g%%ﬁ@%sog%in g tw{(g% ﬁé?e%%%@\rgéﬁnﬁ%i{ over a
period (cyclggdviiimaddrsiots, the precoding matrices prepared represented as follows. 10[0787] Math
276 Equation 240fori=0,1,2,...,N-2,N- 1:

5 [0878]

In the method of regularly hopping between precoding matrices over a
period (cycle) with 2N slots, the precoding matrices prepared for the 2N slots are
represented as follows.

[0879]
10 Math 294
Equation 253

fori=0,1,2,.... N—-2,N—1:

X0 i(6,,i+2)
Fli]= —— e a%e

i9,,() i@, 1)+ 2+
Jo +ilaxe’®" glet !

15 [0880]
Let a be a fixed value (not depending on 1), where a > 0.
[0881]
Math 295
Equation 254

20 fori=N,N+1, N+2, ....,2N—2,2N—1:
i0,,0) i(@0)+2)
F[i]: 12 lej% (i) € i(@,,()2+7)
a +1 e 21 axe 21

[0882]
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eion(i)axe Va2 [axe 21e 1 (i)At921()+2+6.) +1 15 for the 2N slots are [0788] Let a be a fixed value
(not depending on i), where a > 0. Furthermore, let 8= TE radians. [0789] 20 Math 277 Equation 241
fori=N,N+1,N+2,...,2N-2,2N-1: axeio2P) [0790] Let a be a fixed value (not depending
on i), where a > 0. (Let the a in Equation 240 and the a in Equation 241 be the same value.)
Furthermore, the 2xNxM period (cycle) precoding matrices based on 5 Equations 240 and 241 are
represented by the kaitowing) @dustibrnsijo7@0} MepkrrliggEquatiowRaR fort H0(Methe, dNin2, N - 1:

Equation 253 and the o in Equation 254 be the same value.)
From Condition #5 (Math 106) and Condition #6 (Math 107) in
Embodiment 3, the following conditions are important in Equation 253 for achieving
5 excellent data reception quality.
[0883]
Math 296
Condition #46

ej(gﬂ(x)_eﬂ(x));t ej(gu(y)_eﬂ(y)) for vx, Wy (x# y; X,y =012,---,N-2,N —1)
10
[0884]
(xis0,1,2,...,N—-2,N—1;yis0,1,2,...., N—-2,N—1;and X # y.)
[0885]
Math 297

15 Condition #47

g0 0ule ), JIOLY0.017) oy vy (2 v %,y =012, N —2,N -1)

[0886]
(xis0,1,2,....,N—-2,N—1;yis0,1,2,...., N—-2,N—1;and X # y.)
20 Addition of the following condition is considered.
[0887]
Math 298

Condition #48
0..x)=0. (x+N) forvx(x=012-,N-2,N-1)

25 and
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ie axe ji(eip+2)\ V (192PF X k) Ao2P-Fxk+2+8) a2 +1 axe [0792] In this case, k=0,1,M-2, M - 1.
[0793] 15 Math 279 Equation 243 fori=N,N+1,N+ 2,..., 2N- 2, 2N-1: F[2 xNxk +d- 1( axe' j(9(i)2)'ono e "
v-17K) va2+1ei(612.102,5YK) ax elen 20[0794] In this case, k=0, 1,M -2, M - 1. Furthermore, Xk =
Yk may be true, or Xk # Yk may be true. [0795]

0,.(y)=0,,(y+N) forvy(y=012-,N-2,N-1)

[0888]
Next, in order to distribute the poor reception points evenly with regards to
5 phase in the complex plane, as described in Embodiment 6, Condition #49 and
Condition #50 are provided.
[0889]
Math 299
Condition #49

j (811(X+1)_021(X+1))

e _ally ~01,2, N —
0 B0, -eli) forv(-012.-N-2)

[0890]
Math 300
Condition #50

j (ell(xﬂtl)—g2 1(x+l))
€

N
15 " G0 ¢

2
*Wj for vx (x=012,---,N -2)

[0891]
In other words, Condition #49 means that the difference in phase is 2n/N
radians. On the other hand, Condition #50 means that the difference in phase is
20  —2n/N radians.
[0892]
Letting 01,(0) — 0,1(0) = 0 radians, and letting a > 1, the distribution of poor

reception points for s1 and for s2 in the complex plane for N = 3 is shown in Figs.
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Precoding matrices F[0]-F[2 x N x M- 1] are thus generated (the precoding matrices F[0]-F[2 xXNx M-1]
may be in any order for the 2xNxM slots in the period (cycle)). Symbol number 2xNxMxi may be
precoded using F[0], symbol number 2xNxMxi+1 may be precoded using F[1], ..., and symbol 5
number 2xNxMxi+h may be precoded using F[h], for example (h =0, 1, 2, ..., 2XNxM- 2, 2XxNxM- 1). (In
this case, as described in previous embodiments, precoding matrices need not be hopped between
regularly.) 60AGuEERIRg Ak isreteatifgomatriges 69 hiandapCBhitsvdkea grapdenglanatrisiBopping
method with a large period (cycle), allowing for the position of poar 10 reception points, to be easily
Changed, wHCHTIAY S G RHcERRRE FaeBb PaUR PTGATB KePt HIRE OISO ANDLAY (yole

oo T PR AP ARG s S B
case, k = 0.StiMlarZsMditled9 498t reated whieg &NKM-pERON®¥S e Rrieeaagi soaticesHiyEquation
243 may also 25 be changed to any of Equations 245-247. [0800] Math 281 Equation 245
fori=1\b N+4M\-amd. 43R- Embodiment 10, making the same considerations as in Embodiment
9, the probability of a greater distance between poor reception points in the complex
plane increases when N is an odd number as compared to when N is an even number.
However, when N is small, for example when<N16, the minimum distance
between poor reception points in the complex plane can be guaranteed to be a
10 certain length, since the number of poor reception points is small. Accordingly,
when N< 16, even if N is an even number, cases do exist where data reception
quality can be guaranteed.
[0893]
Therefore, in the method for regularly hopping between precoding matrices
15  based on Equations 253 and 254, when N is set to an odd number, the probability of
improving data reception quality is high. Precoding matrices F[O]-F[2N — 1] are
generated based on Equations 253 and 254 (the precoding matrices F[O]-F[2N — 1]
may be in any order for the 2N slots in the period (cycle)). Symbol number 2Ni may
be precoded using F[0], symbol number 2Ni + 1 may be precoded using F[1], ...,
20  and symbol number 2N x i + h may be precoded using F[h], for example (h =0, 1, 2,
..., 2N =2, 2N — 1). (In this case, as described in previous embodiments, precoding
matrices need not be hopped between regularly.) Furthermore, when the modulation
method for both sl and s2 is 16QAM, if a is set as in Equation 233, the
advantageous effect of increasing the minimum distance between 16 x 16 = 256
25  signal points in the 1Q plane for a specific LOS environment may be achieved.
[0894]
The following conditions are possible as conditions differing from

Condition #48:
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1(ax F[2xNxk+i e1(1911(1)2k) eiai(-17J" - Va2 +1el(621(12+8)axessinwi 5 [0801] In this case, k = 0,
1,M-2, M -1.[0802] Math 282 10 Equation 246 fori=1\1,N+1,N+ 2,...,2N-2,2N-1: [0803] 15In this
case, k=0,1,M-2, M - 1. [0804] Math 283 Equation 247 fori=1\1,N+1,N+ 2,...,2N-2,2N-1: 1laxee( 9 ju
+ v((191) 2a; (ilsou(i+yk) 2 +1e a0l 210) [0805]

[0895]

Math 301

Condition #51

£/ 1007009, QOO0 gor v y (x yi %,y = NN +L N +2,-,2N ~2,2N ~1)

5
[0896]
(where xisN, N+ 1, N+2, ...,2N—2,2N—1;yisN,N+1, N+ 2, ..., 2N — 2,
2N —1;and X #y.)
[0897]
10  Math 302

Condition #52

@/ 10.09-0,002), QHO0007) gor vy vy (x 2 yix,y = N N +LN+2,-,2N —2,2N ~1)

[0898]
15 (wherexisN,N+1, N+2, ...,2N—2,2N—-1;yisN,N+1, N+2 ...,2N— 2,
2N —1;and X #y.)

In this case, by satisfying Condition #46, Condition #47, Condition #51, and
Condition #52, the distance in the complex plane between poor reception points for
sl is increased, as is the distance between poor reception points for s2, thereby

20  achieving excellent data reception quality.
[0899]

In the present embodiment, the method of structuring 2N different
precoding matrices for a precoding hopping method with a 2N-slot time period
(cycle) has been described. In this case, as the 2N different precoding matrices, F[0],

25 F[1], F[2], ..., F[2N — 2], F[2N — 1] are prepared. In the present embodiment, an
example of a single carrier transmission method has been described, and therefore
the case of arranging symbols in the order F[0], F[1], F[2], ..., F[2N — 2], F[2N — 1]

in the time domain (or the frequency domain) has been described. The present
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In this case, k=0,1,M -2, M - 1. [0806] Focusing on poor reception points, if EQuations 242
through 247 satisfy the following conditions, 5[0807] Math 284 Condition #39 ei(eil(x)-1921(4)#
e1c919,i(Y))for Vx,Vy (xy; x,y=0,1,2, ,N-2,N-1)10[0808] (xis 0,1, 2,...,N- 2,N-Eyis O, 1, 2,...,N-
2,N-1;andx#y.) [0809] Math 285 Condition #40 e(0"(x)-(92,(4-s)# eAo0"(y)-(92,(y)-8) 15for VX, Vy (X y;
x,y =0,1,2, ,N-2,N-1) [0810] (xis 0,1, 2,...,N- 2,N-Eyis O, 1, 2,...,N- 2,N-1;andx#y.) [0811] 20 Math
286 Condititstveation 15400 (kewsver, \ntited o1, this way, 2amd - theagiNodififergatopracding) for Vy (y
=012 ’r'?llétrzlbel\é %%0%5 Ii?f]%ZIL[Z], ..., F[2N— 21, F[2N — 1] generated in the present
embodiment may be adapted to a multi-carrier transmission method such as an
OFDM transmission method or the like. As in Embodiment 1, as a method of
5 adaption in this case, precoding weights may be changed by arranging symbols in
the frequency domain and in the frequency-time domain. Note that a precoding
hopping method with a 2N-slot time period (cycle) has been described, but the same
advantageous effects may be obtained by randomly using 2N different precoding
matrices. In other words, the 2N different precoding matrices do not necessarily
10  need to be used in a regular period (cycle).
[0900]
Furthermore, in the precoding matrix hopping method over an H-slot period
(cycle) (H being a natural number larger than the number of slots 2N in the period
(cycle) of the above method of regularly hopping between precoding matrices),
15  when the 2N different precoding matrices of the present embodiment are included,
the probability of excellent reception quality increases.
[0901]
(Embodiment Al)
In the present Embodiment, data is transmitted hierarchically, and a
20  transmission method adopting the method of regularly switching between precoding
matrices described in Embodiments 1-16 is described in detail.
[0902]
Figs. 61 and 62 are an example, according to the present embodiment, of the
structure of a transmission device in a broadcast station. An error correction encoder
25 (6101 1) for a base stream (base layer) receives information (6100 1) of the base
stream (base layer) as input, performs error correction coding, and outputs encoded

information (6102_1) of the base stream (base layer).

[0903]
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then excellent data reception quality is achieved. Note that in Embodiment 8, Condition #39 and
Condition #40 should be satisfied. [0813] 5Focusing on Xk and Yk, if Equations 242 through 247
satisfy the following conditions, [0814] Math 287 Condition #42 10 X a X b+ 2x s x;z- for Va, V b (a b;
a,b=0,12, ,M-2M-1)[0815] (ais 0,1, 2,...,M-2,M-Ebis (Here, s is an integer.) 15[0816] Math 288
Condition #43 ya yb + 2x u x ;1- for Va, Vb (a #b; a,b =0,1,2,,M -2,M -1) 20[0817] (ais (Here, u is an
integer.)  then eXdell@ntalataaresthoion encdigris @dtidven. fsteamaeihErmpverheatr8a@ondition

#42 should pe satisfied. 25[0818 . In Equations 242 and 247, when O radians < .3 <2i( radians, the
U 1 v N O Y W R o AR T

In the presaaheiaok S A1 PAGRAAIAN PRI I Mg el Tradians mane.

characteristic structure, an a reception quality Is obtaine se of a unitary matrix is

another strygfarmatin 261desolrdra eitiatidenfembactmenedihacshfentiagiément 16, if N is an odd

number in Equations 242 through 247, the probability of obtaining excellent data reception quality
increases. $08849] (Embodiment 14)

An interleaver (6103_1) receives the encoded information (6102_1) of the
base stream (base layer) as input, applies interleaving, and outputs interleaved,
encoded data (6104 _1).

[0905]

10 Similarly, an interleaver (6103 2) receives the encoded information
(6102_2) on the enhancement stream (enhancement layer) as input, applies
interleaving, and outputs interleaved, encoded data (6104 _2).

[0906]

A mapper (6105_1) receives the interleaved, encoded data (6104 1) and an

15 information signal regarding the transmission method (6111) as input, performs
modulation in accordance with a predetermined modulation method based on the
transmission method indicated by the information signal regarding the transmission
method (6111), and outputs a baseband signal (6106_1) (corresponding to s,(t)
(307A) in Fig. 3) and a baseband signal (6106_2) (corresponding to s,(t) (307B) in

20  Fig. 3). The information (6111) regarding the transmission method is, for example,
information such as the transmission system for hierarchical transmission (the
modulation method, the transmission method, and information on precoding
matrices used when adopting a transmission method that regularly switches between
precoding matrices), the error correction coding method (type of coding, coding

25 rate), and the like.

[0907]
Similarly, a mapper (6105_2) receives the interleaved, encoded data

(6104_2) and the information signal regarding the transmission method (6111) as
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The present embodiment describes an example of differentiating between usage of a unitary matrix
and a non-unitary matrix as the precoding matrix in the method for regularly hopping between
precoding matrices. 10[0820] The following describes an example that uses a two-by-two
precoding matrix (letting each element be a complex number), i.e. the case when two modulated
signals (s1(t) and 52(t)) that are based on a modulation method are precoded, and the two precoded
signals are taHsmetéEar B\ odaabionds. accovineee traitis dipiegetkiminsthyadukathod weteodilarly

hopping between precoding matrices, the mappers 306A and 306B in the transmission device in Fig. 3
and Fig, 19 B O RIS O ARERPH, RELEABE R TIRHTRI AR SRALECEIRg 318, The
relationshi i I §Si intsqfeor t o method in
e 10 plandy T O B e e e A BT
advantage €3 ieryn@ima)offedylagy ApRingdepareesigiacsing maiiesekpirrfinastdesgrbed in
Embodiment 6, excellent data reception quality is achieved in an LOS environment In particular, when
the receptid3@E%)de pégfans 25 ML calculation or applies APP (or Max-log APP) based on ML

calculation,JE?e vantageous effect is considerable. Incidentally, ML calculation greatly impacts circuit
scale (calc scale) in accordance with the modulation level of the modulation method. For

example, when two pr, T@g@és r i W madulation

method is used for {Svﬁ";%eggl%a e sig?afse%g%gfg %%égggﬁgﬁg u atloﬁgrﬁé?&%ﬁﬁgﬁaprecoding),
the numbertof s;gnd{dengidnak pRirgs iththedS2lanes(ipreiyetos gl peirispbhaing fods,i}) is 4 x 4 =
16 when the modulation method is QPSK, 16 x 16 = 256 when the modulation method 5 is 16QAM, 64
X 64 = 4096 3N &) tite MiddB)atin rihioforRTEHIQA IFIgRB6 KegBE ingSB3BanB@issienelliedion method

is 2560QAM, and 1024 x 1024 = 1,048,576 when th dulati thod is 256 0QAM. |, der to k
e A L R g o o S s L R A e P

method 1s Qelien Yrettu i ikl SHALALEDLUNEX Ok MG |oHa§1%Ha‘PW§§]%£§ﬁ§a{ﬁH'a“°”) s

used, and when '[?1e method Is 256QAM o QAM, linear operati as MMSE or
ZF is used inaiieriesieptioneddces (mn poaiel casgritdb qarissdationbasaydiel usigddpr(BEORAM.)

When such a reception device is assumed, consideration of the Signal-to-Noise power Ratio (SNR)

after separdtiofiespendingeteigr(Bd $09itatts iy tRateadiditarscatedioaseinne pignal 46162 Blecoding
matrix whern the reception devi rf mstsl_jne operation such as MMSE or ZF, whereas either a
unitary mat?ﬁpgﬁémfﬂgmi{g%ﬂ&%%ﬁ(g%aw ég.]géd when the reception device performs ML calculation.
Takingaany n@b@% above embodiments into consideration, when two precoded signals are transmitted
from two antennas, the same modulation method is 20 used for two modulated signals (signals based

on the modulation ra@tifibefare presidin@LGBNRN-HivEAEI B Xbasab@ctasitraprgi@iing) matrix in
the method for regularly hopping between precoding matrices, the modulation level of the modulation

method is eaaiespendérg than &4t{or(8gGA toibr leigs than 2be), basgkanaitaignahtr{19 sdd when the

dulati || ter than 64 ter than 25 256), then for all of the modulati thod
CUpportod BEAHEPARGIAL L)k b o PGS BRERIRY A BRI Hibaniageos

effect whergan X FRIG L IP (EPLEY Al SREBIC biRE MW mad o et ae whie

reducing the circuit scale of the reception device. [082 When'the modulation level of the

modufagion rmpiket)iswidalig deteasthanceddioyeniatiternlessdivardsp) aseviifommaoing cases use
of a unitary matrix may be preferable. Based on this consideration, when a plurality of modulation
methods signal regarding the transmission method (6111), and outputs a precoded baseband

signal (6110 _1) (corresponding to z,(t) (309A) in Fig. 3) and a precoded baseband

signal (6110 _2) (corresponding to z,(t) (309B) in Fig. 3).

[0910]

25 In Fig. 62, a reordering unit (6200 _1) receives the precoded baseband signal
(6109 _1) and the precoded baseband signal (6110 1) as input, performs reordering,
and outputs a reordered, precoded baseband signal (6201_1).

[0911]
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5 are supported in which the modulation level is equal to or less than 64 (or equal to or less than 256),
it is important that in some cases, in some of the plurality of supported modulation methods where the
modulation level is equal to or less than 64, a non-unitary matrix is used as the precoding matrix in the
method for regularly hopping between precoding matrices. 10[0823] The case of transmitting two
precoded signals from two antennas has been described above as an example, but the present
invention is not limifeignitartys avesprieting dude (W2R% R) sesebwsdhsdgianoded trasehandesignen N

antennas, and the same modulation method is used for N modulated signals (signals based on the 15
oulation Lo I AT RES RS DA THREh S B4 P Ky B SelaB RaH RSB ASRHhon Ievel of
the modulatj lurali j fogywhich the modulation level is
equal to or ﬁgs%@r@?idﬁw aﬁ@és%pd)pgi?ggﬁ %ﬁ;%%gg 0 ti%dg%rrﬁgélof%s)ljpported modulation methods
where the @ghggtion level is equal to or less than 13N, a non-unitary matrix is used as the precoding

matrices in 20 the method for regularly hopping between precoding matrices, whereas for modulation
methods for which A8 ribdMdtitelatede iegessaer (202 1N receinrarihmagnderadeRrasedrdway, for all

fth dylati thod ted by th ISSi tem, there i ' d probability of

achioving tREHPANEG8aL Combot hABRLS LIS BE0E U HER AR EAEMBUSR o any of he
ievin eficctinBrby B KAk Ay of ¢

ovel of the oaU RIS IR St o e e ¥ e, S S e be vso

as the precodipatfrativaindhemetsrddonyegularly hopping between precoding matrices.) In the
above description, the same modulation method has been described as being used in the modulation

method for Eiidlaneously transmitting N modulated signals. The following, however, describes the
case in which two og.more modul%ilgn methods are used for simul %neous\léstragsmittin N modulated

t
signaljs(.) 5[0824] KQ'EH Ie\;‘xaqﬂp Wc@@tﬁq RG0S 6?&9 §?§§ﬁh ar0qr SR t%%l by two

antennas i i (o Y7 | ighal [ lation-methad before
precoding)sg?gaﬂ%%gﬁg\geﬁ% Pt e ggm%]’m%)ﬁ%%?){rﬁ (F%l%e?tﬁrgacf %E%ﬁ%ﬁo@%&t‘e with different
modulation Fretdaiiacate 1éhmodigated Withstnissidrlsiipralnieroad 1)aving wampdisgkitarigysl of 2al or
a modulation level of 2a2. In this case, when the reception device uses ML calculation ((Max-log) APP

based on ME22dcdibtsan)intieframaeaofesaadkRié_dhnal points in the IQ plane (received signal points
1101 in Figuiq}{y 2al x 2a2 = 2al + a2. As described above, in order to achieve excellent data
reception quatl hile reducing 15 the circuit scale of the reception device, a threshold 2P may be

providgg for 2al a2 wm&%e%@@raﬁwww %asemvggl%s ugeshagilhedresapling matrix

in the ' method for regularly hopping between precoding matrices, whereas’a unitary matrix may be

used when gat®>(8F0408P rdgtilytorinehes, betvese Rk erd ding inanoes, cartyserat@nenitary
matrix may be preferable. Based on this consideration, when a plurality of combinations of modulation

methods aransLippeiaiandiofvHiehprecoaer <6408 id Jnaps sk ah 40 ithe citie it & Bperastpns
combinations of modulatjon methqds for which 2al a2 < 2, a non-yni matrix is used as the
orecoding HETRURRIS B0 ron Ay S8ehEing ke Prod QUG Pt et B0 As an
example, t [ IGhRL | i e

described, uﬁﬁgl Fe@giﬁn%%rﬁi %%ﬁt%%ﬁ%%m@%%%gggﬁp e,gﬁ %?c?é?jlﬁgd signals

(signaig basadwn iheritpdstatiohemetiogreetale Beo8dingpifiayhbengitbhtingodwatetienitthehe same
modulation method or, when modulated with different modulation methods, the modulation level of the
modulation Preadder 6188 ligenetairsied Hrsaslethdasband signatdy=perorming pre®@AiNg0827]

S e AT st ST a0t e ARl s RER S s eviaton)
precoding matrices. The precoding of the base stream (base layer) is set to an
eight-slot period (cycle) over which the precoding matrix is switched. The precoding
25  matrices for weighting are represented as F[0], F[1], F[2], F[3], F[4], F[5], F[6], and
F[7]. The symbols in the precoded signals z;(t) and z,(t) are represented as 6301 and
6302. In Fig. 63, a symbol is represented as “B #X F[Y]”, which refers to the X"
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(received signal points 1101 in Fig. 11) is 2al x 2a2 X ... x 2' xx 2aN = 2al + a2 + + 10+ + aN. As
described above, in order to achieve excellent data reception quality while reducing the circuit scale of
the reception device, a threshold 213 may be provided for 2al+ a2 + + al + + aN. [0828] Math 289 15
Condition #44 2al+a2+. +ai+. +aN =22fl where Y=Ea, 20[0829] When a plurality of combinations of a
modulation methods satisfying Condition #44 are supported, in some of the supported combinations of
modulation $yleldinstirsiyasg Steerinidhasadlayeiprbeingapyacedas avslusbe &fYheppreedidigg matrix in
the method for regularly hopping between precoding matrices. 25[0830] Math 290 Condition #45
al+a2+ .-kd‘ﬂl@tr_%&\’%gé !2%?@&!8@99&2(837[&8@ SJ By using a unitary matrix in all of the

combinatio ég%@]ﬁodulation methods satisfying Condition #45, then for all of the modulation methods
supported tTyt e transmission system, there is an increased probability of achieving the advantageous

10 effect whereby exegllent glriariges pipnationktios aehigiedwehilgieduengnheigireuit Suale of the
reception device for any of the combinations of modulation methods. (A non-unitary matrix may be
used ab theppreedeli{§1P3LA) rahkamyesnatches ferjviesly preppiintbeaiess papddbimstiielices in all of
e SO G parationg Of the preceaer (B108 %) ars Smilad to the Structure)and operations
described in Figs. 3, 6, 22, and the like. Since Fig. 61 illustrates the precoder
(6108 2), Fig. 64 shows operations for weighting of the enhancement stream
(enhancement layer). As shown in Fig. 64, when the precoder 6108 2 performs
10  weighting, i.e. when the precoder 6108 2 generates a precoded baseband signal by
performing precoding, z;(t) and z,(t) are generated as a result of precoding that
regularly switches between precoding matrices. The precoding of the enhancement
stream (enhancement layer) is set to a four-slot period (cycle) over which the
precoding matrix is switched. The precoding matrices for weighting are represented
15 as f[0], f[1], f[2], and f[3]. The symbols in the precoded signals z;(t) and z,(t) are
represented as 6403 and 6404. In Fig. 64, a symbol is represented as “E #X f[Y]”,
which refers to the X™ symbol in the enhancement stream (enhancement layer) being
precoded with the f[Y] precoding matrix (where Y is any integer from 0 to 4).
[0916]
20 Figs. 65A and 65B show the method of reordering symbols in the reordering
unit (6200 1) and the reordering unit (6200 2) in Fig. 62. The reordering unit
(6200_1) and the reordering unit (6200_2) arrange symbols shown in Figs. 63 and
64 in the frequency and time domain as shown in Figs. 65A and 65B. During
transmission, symbols in the same (sub)carrier and at the same time are transmitted
25 at the same frequency and at the same time from different antennas. Note that the
arrangement of symbols in the frequency and the time domains as shown in Figs.

65A and 65B is only an example. Symbols may be arranged based on the method

described in Embodiment 1.

220



15 (Embodiment 15) The present embodiment describes an example of a system that adopts a
method for regularly hopping between precoding matrices using a multi-carrier transmission method
such as OFDM. [0832] 20Figs. 47A and 47B show an example according to the present embodiment
of frame structure in the time and frequency domains for a signal transmitted by a broadcast station
(base station) in a system that adopts a method for regularly hopping between precoding matrices
using a mulkb@&riier transmission method such as OFDM. (The frame structure is set to extend from

time $1 to time $T.) Fjg. 47A 25 shows the frame structure in the time and frequency domains for the
stream s 1 descrlbeWh‘?rl‘:'n{BSdlméﬁt PUSAR F:gba@?B @(SE) ﬂ%‘e rdfife SRIRAG %én?f‘fhes{fﬁ?@hnd

frequency d@ﬂ?ﬁfﬁ‘éefﬂéﬁ'i‘ %?aﬂ?r?ﬁf{ duiﬂsﬁﬁ@@@ﬁ%f@éﬂth%ﬁg%@ﬁoﬁ g{]‘terf}gr%? H&E and the

same (sub)carrier in strea stream S2 are transmitt a plurality of as at the same
time and thmwgdge@u@aﬁy-(ﬂégé%@r) frdgse 4i@niuAéBtHAe s picastiers disgrydedatising OFDM
are divided as follows: a carrier group #A composed of (sub)carrier a - (sub)carrier a + Na, a carrier
group #B cmmﬁt%@dm@anmahﬁi@am (eumeesment layer), aduartmrt@omwe ebihposerAs

i each SutAEVAEY o SR AN A, o EOFve LTSN e e B A 3@"% e, By
supporting gy gr%?gaﬁ@%&%.ﬂbgma%e&'W%ﬁ%guafe.sﬁ%am g ahifmadvantages

of the transmission or example, In Figs. 47A and 4/B, a spatial multiplexing Ml O system,
or a MEMOtksystase WithaarfixBespresading natrie islifsad flonsatichgiouRtidh anbteddOmysiem that
regularly hops between precoding matrices is used 15 for carrier group #B, only stream s 1 is
transmitted arHRigngroihe #&Dhaﬁ@ﬁpﬁttesﬂimwekmﬁfg&@tuwtb tie@Tsrakacaptier Hroap #D.
[0834& S..48A and 48B sﬂ Ie ac 1 to the present embodiment of frame

struct fe mRﬁ t%Haefﬂﬁ?u% 8?‘ s é’r[? ansmitted by a 20 broadcast station (base
station) in aﬁgﬁ m that adopts a method for regularly hopping between precoding matrices using a
multi-carrier transmission method such as OFDM. Figs. 48A and 48B show a frame structure at a
different time than Higsle43 A and 47B, from tlme $X totime $X + T'. In Flgs 48A and 48B, as in Figs.
47A and 478B; the \ouu;uari’ier‘ used-whent usSHhg OFbM-are-divided-as-follows—a-carrier 25 group #A
composed of (dadycarrier a - (siM)datakom +rN%thad:arf@r gidoghiasioomposibedf (sub)carrier b -
(sub)carrier b + Nb, a carrier group #C composed of (sub)carrier ¢ - (sub)carrier ¢ + N¢, a carrier group
#D composed of (sub)carrier d b?%ﬁﬁrc,ezi‘méraé’err)l\ld THEURBRERE betweeS IS 47A and 47B
and Figs. 48A and 48B is that in some carrier groups, the PEPXE ission method used in Figs. 47A and
47B differs fram the transmission method used in Figs. 48A'a 8B. In Figs. 48A and 48B,

space-time hlagkdeoging is usedytesikansmit carrier group #Ag@MIYIO system that regularly hops

between prn ndinamatricac i« ||cnr~| ‘Fnr carriar 5 aroup-#B--aMIMO-svystem that ronulf‘rly hops

AA% 111 IH LILILA% 1 1 ELAYA ¥ X™ 2 v T vauirtiv v H '.l O, CAIVITIvIi \Jy\JLbIII I IL:U

between prectding #iatrices is QRSKfor carrier group #C, abd@Allstream sl is transmitted in carrier
group #D.

Mode #3 QPSK 256QAM
Mode #4 16QAM 64QAM
Mode #5 16QAM 256QAM
[0919]
15 By correspondingly setting the method of regularly switching between

precoding matrices used when transmitting the base stream (base layer) to differ
from the method of regularly switching between precoding matrices used when
transmitting the enhancement stream (enhancement layer), it is possible for the
reception quality of data in the reception device to improve, or to simplify the
20  structure of the transmission device and the reception device. As an example, as
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[0835] Next, the supported transmission methods are described. [0836] 10Fig. 49 shows a signal
processing method when using a spatial multiplexing MIMO system or a MIMO system with a fixed
precoding matrix. Fig. 49 bears the same numbers as in Fig. 6. [0837] A weighting unit 600, which is a
baseband signal in accordance with a 15 certain modulation method, receives as inputs a stream sl (t)
(307A), a stream s2(t) (307B), and information 315 regarding the weighting method, and outputs a
modulated shve A({tF- (39 NS) aiftk bdveldremgstrgaametendané dnsigukatirr )y 300 latten Weyighting.

Here, when the information 315 regarding the weighting method indicates a spatial multiplexing MEMO
cystom, thelr BB CSLAITA BRI JA Dof &1 A0Eks SoGmE. SHEE MBRIN 2981 Glving
processing | r o] [z1(1) &l ;Zf%ﬁ%) ; ysi(t)) (AO)
ks20 s2(t)) }F(%@éﬁw@mﬁgggé%g%ﬁiﬁ %mﬁ m'?]tﬁ(r?g %gnjégmd]g@%@@%glgnaf %iﬁ%@?&g} from the

standpoint géliAGSIMESSERIDIPSGIEUatine ARHTRY PRtRIMASSIVeE Ha d-beteiam p28dodiii0] Math
292 Equation 251 (\ vz2(t),

5 matrices used when transmitting the base stream (base layer) to differ from the
periods (cycles) in the method of regularly switching between precoding matrices
used when transmitting the enhancement stream (enhancement layer) is effective,
since this method for setting improves reception quality of data in the reception
device or simplifies the structure of the transmission device and the reception device.

10  Alternatively, the method of structuring the precoding matrices in the method of
regularly switching between precoding matrices used when transmitting the base
stream (base layer) may be made to differ from the method of regularly switching
between precoding matrices used when transmitting the enhancement stream
(enhancement layer). Accordingly, the method of switching between precoding

15 matrices is set as shown in Table 4 for each of the modes that can be set for the

modulation methods of the streams (layers) in Table 3. (In Table 4, A, B, C, and D

indicate different methods of switching between precoding matrices.)

[0920]
Table 4
Mode Base stream (layer) Extension stream (layer)
modulation | method of switching | modulation | method of switching
method between precoding | method between precoding
matrices matrices
Mode | QPSK A 16QAM | B
#1
Mode | QPSK A 64QAM | C
#2
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0 AO\ JO e Aszvii

10 [0841]

indicates a MIMO system in which precoding matrices are regularly hopped between, signal
processing in method #2, for example, of Fig. 49 is performed. Specifically, the 15 following processing
is performed. [0842] Math 293 Equation 252 [0843] Here, 011, 012, X., and .3 are fixed values. [0844]

Fig. 50 sho
block coding
signal. For example, the space-time block coding unit (5002) receives
inputs. As sh
#0", "-s2* as | #0" % sympol #2", "-s4* as symbal ﬁ and z2(5003B) 10 becom
'm&;é)sym%o i\1{?"54 a% symbol #2", "s3* as S & ﬁ‘“(l#B" éln this case, symbo

#%4n z2 are transmitted from the antennas at/the same time, over the same frequency.

symbol #0",
and symbol
[0845] In Figs-

10

15

20

ctriietira ads no-onaece-timea L& laele

When the information 315 regarding the weighting method

< the afm Hatad o Ale wha j 2} ndin A
s-tne-structure-ofr- moattated olgllalo wheh-d Yy spactt—uric—o UIUCK \.,uunnd e

WMndS002)QR$HG. 50 rebeives, as input, a bastiddABIgnalbhased on a certain 1
symbol sl, symbol s2,
n in Fig. 50, space-time block coding is performed, z1(b003A) becomes "s 1

ara chown
AT L ITTOVYTT,.

[

A7A 478 4A8A and
TG T O arTo

160AM | B

QR anlv cevmbhole trancemittina-data
UI—I’ T ||] \J]IIIU\JIJ AT roTrrimeaaT |3 ATALU

Mode 256QAM | D

#5

[0921]

Accordingly, in the transmission device for the broadcast station in Figs. 61
and 62, when the modulation method is switched in the mappers (6105 1 and
6105_2), the precoding method is switched in the precoders (6108 1 and 6108 2).
Note that Table 4 is no more than an example. The method of switching between
precoding matrices may be the same even if the modulation method differs. For
example, the method of switching between precoding matrices may be the same for
64QAM and for 256QAM. The important point is that there be at least two methods
of switching between precoding matrices when a plurality of modulation methods
are supported. This point is not limited to use of hierarchical transmission; by
establishing the above relationship between the modulation method and the method
of switching between precoding matrices even when not using hierarchical
transmission, it is possible for the reception quality of data in the reception device to
improve, or to simplify the structure of the transmission device and the reception
device.

[0922]

It is possible for a system not only to support hierarchical transmission
exclusively, but also to support transmission that is not hierarchical. In this case,
when transmission is not hierarchical, in Figs. 61 and 62, operations of the
functional units related to the enhancement stream (enhancement layer) are stopped,

and only the base stream (base layer) is transmitted. Table 5 corresponds to Table 4
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15 In practice, however, it is necessary to transmit information such as the transmission method,
modulation method, error correction method, and the like. For example, as in Fig. 51, these pieces of
information can be transmitted to a communication partner by regular transmission with only one
modulated signal zl. It is also necessary to transmit symbols for estimation of channel fluctuation, i.e.
for the 20 reception device to estimate channel fluctuation (for example, a pilot symbol, reference

symbol, premdtﬂbpwsph‘@setms]iﬁa&@ymrgsmoﬂgpﬁeobemwmtbeta@tuablesm@éeommwlmmtion sides,

and the like F| A, 47
A Rethed 9

symbols fo
frequency
transmittin

g%ata

iR

B, these s
B HeRRIEG

Fig. 52

0ls are pmitted. In practice, however,
W9 AR Sructure in the time and
s 25 Accordingly, each carrier group is not composed only of symbols for
(The same is true for Embodiment 1 as well.)

is an example of the

structure of a transmiggsiwp device in a broadcast station (base station) according to the present
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In Table 5, modes #1—#5 are the modes used for hierarchical transmission,

and modes #6—#10 are the modes when transmission is not hierarchical. In this case,

the method of switching between precoding matrices is set appropriately for each

10

mode.

[0925]
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10An OFDM related processor (5207 _i) receives, as inputs, the modulated signal zl (5202_i) in carrier
group #A, the modulated signal zl (5202_2) in carrier group #B, the modulated signal zl (5202_3) in
carrier group #C, the modulated signal zl (5202_4) in carrier group #D, ..., the modulated signal zl
(5202_M) in a certain carrier group #M, and the control signal (5206), performs processing such as 15
reordering, inverse Fourier transform, frequency conversion, amplification, and the like, and outputs a
transmission signal 8208 operhionranikRsidacsigfien (S20Be)) iehentaupasingdivievaiaditaim an
antenna (5209 i)..[0853] Simjlarly, an QFDM related processor (5207_2) receives, as inputs, the 20
moculateq SERTAYECHA IREAEL ol EasTCHIE b e AORA SRS AN, BERSRR group #5,
the modula lo'3 % ' , I Tole cfﬁ-.( 2 j rrier group
4D, 1 the e e At £ e B G206,

performs pripessipireuBsIch (e seqidEit@e U Mt qunasftRgsioIshBRaLRTEY copversion,
25amplification, and the like, and outputs a transmission signal (5208_2). The transmission signal
(5208_2) is[68#8]t as a radio wave from an antenna (5209_2). [0854] Fig. 53 shows an example

of a structure of the madulated signal generating units #1-#M in Fig. 52. An error correction encoder
(5302) receives, as/iihl Proraish (B350 HHSL SHARSNGE K000 R R Uab oo with the

trol si 1 ' ' t | Jo¥: 5
correcton ca pe L 2O T e i o S SR o

coding. (In aepespanamyith the ceiting eftintaBoivsieprAEEdeNChdFg. Mebrod and dssasing ratio for
error correction coding, when using LDPC coding, turbo coding, or convolutional coding, for example,

depending 6igtiak eotRspatbIp i ctigirfpsabyNde signtdrifedl ¥ dehfdge theb60ding @itidgnalo An
interleaver (5304) receiyes, as input, error correction coded data (5303) and the contral signal (5301)
and, i ccé?&& Q%H#%WH%{%M ‘%hE%H%QIéﬂ%d"?ﬁ%l‘H%d'?H&?ﬁ[?@é 6;‘1 (e CEATNSRAL! (5302),

ders th ' ) i 15A
:ﬁg; peelrrS (53%%”%@@@2\%@%5 mpu%,&tlﬂlie@i é@ﬁa@%ﬁ?ﬁa@%@@%ﬁﬁ%ﬁ@@%ﬁi%ﬁ?n%ﬁgsggh) and, in

accordancenyeéitiod éndiititetRbgnhentidesmigsioiadenioecthod included in the control signal (5301),
performs mapping and outputs a baseband signal (5307 _i). [0856] 20Similarly, a mapper (5306_2)

receives, agQBpdl, the interleaved data (5305) and the control signal (5301) and, in accordance with
the information onggu odulation methaqd included in the control signal %3301 , performs mapping and
outputs a baseband SnAl (5367 CHF s FFBERRGn S GRB SR (3808 rdden Bk npu, the
basetand SgRAlRaP’ shindie Fasepand sianal (53063 and the qaniiel sphinalL ity based on
information on the transmission method (for'example, in this embodiment, a spatial multiplexing MIMO
system, a Mbviespiritiod usithe aHixed Irstoodiiehvigiiid, 20811Mi@ FigtToddoswe i iabbsigpring
between precoding matrices, space-time block coding, or a transmission method for transmitting only
stream sl) itgnakepitesioaainedosion apssband, sigredrifd sigiaFigoéessing. The signal processing unit
(5308) outpiét%%ﬂocessed signal zl (5309 _i) and a processed signal z2 (5309_2). Note 5 that when
the transmi ethod for transmitting only stream sl is selected, the signal processing unit (5308)

does not output the pr; j : : r in.Ei tion
R e o el b Rl e

encoder is shown, but the presen is way. For exa own in Fig. 3,

a pluraty opeordessoneay Beq@eyjdew baseband signals (6603X, 6603Y), and the signal
regarding information on the transmission method indicated by the transmission
device (6604) as input, and based on the signal regarding information on the
transmission method indicated by the transmission device (6604), sorts the input into
signals related to the base stream (base layer) and information of the enhancement

25 stream (enhancement layer), outputting channel estimation signals for the base
stream (6606_1, 6607 _1, 6609 1, and 6610 1), baseband signals for the base stream
(6608 _1, 6611 1), channel estimation signals for the enhancement stream (6606 2,
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10[0858] Fig. 54 shows an example of the structure of the OFDM related processors (5207_i and
5207_2) in Fig. 52. Elements that operate in a similar way to Fig. 14 bear the same reference signs. A
reordering unit (5402A) receives, as input, the modulated signal zl (5400 i) in carrier group #A, the
modulated signal zl (5400 _2) 15 in carrier group #B, the modulated signal zl (5400_3) in carrier group
#C, the modulated signal zl (5400_4) in carrier group #D, ..., the modulated signal zl (5400_M) in a
certain carrféyrolip &R 2, cutr663iynd). (3ad assbeaunsioradsdisindcagithaneetariostiepsd signals
1405A and 1405B, Note that in Figs. 47A, 47B, 48A, 48B, and Si, an example of allocation of the
carrier grou (BadsBhibbelas being 20 formed by groups of subcarriers, but the present invention is
not limited IB) isjway. Carrier groups may be formed by discrete subcarriers at each time interval.
Furthermore, in Figs. 47A, 47B, 48A, 48B, and Si, an example has been described in which the

number of carriers in egeea@drierng o UR §oke INedsihangm ovaldimeobutunig PIEEENtIpventign is not
limited in this way. This point will be described 25separately below. [0859] Figs. 55A and 55B show
an exahplepopeeapiegstnit taiethe theseistecand (rasputayey) dbataresivasahnathatnek sstitimafiome

t iSSi hod f h ' in Figs. 47A, 47B, 48A, 48B 51. In Figs. 55A
2l 355, cO O 18 s T P o it LobcP i B2 G foioh oA BON St aro
labeled 55 led , il 3 I . , Fig.
S5 shows o ol S CalTo i e A e otnLy o g g ot e chows

the frame strugtuigssivthetithedoinditeedeancyhdaraatnsisoioptieaits 2660858} inpUthescomites
information symbols are for transmitting control information shared by the carrier group and are

composed dheynasbitationttecthatsangsiba amihool retsptiteh theyieetavesparfeeat figgmatidgesnd time
hranization, inf ti ding the allocati b iers, and the like,. Th trol

schypcsin osies casdbe csionl (bl s Rplhe o

control infoymat E%Iﬁﬂ?ﬁ&lﬁf@ fﬁai@g@a%y% .(f%terIiQﬂ@tﬁ]@%@gﬂﬁaﬁhﬂn‘%@’(ﬁg@eﬂWWH@r groups

and are compose rmation on the transmission met , mod error correction

coding methqstdating rRiieo® aad AN aTEacdtio D EoiNchinpcheszdesltvsrpreeotieliwaleatiass and the
like for the data symbols, information on the insertion method of pilot symbols, information on the
transmissioolder! teehineos risls fei ¢l 1Ke. TRe iadipitsat clrgrbkebheesniatiorsigmabols are set

to be t tted f ly st | at time $1. 108 _he dat I fort itting dat
(formatony St NOUE AL R G 00 el IOt S G U B ot e
following t S : ial: multi ' I 5 method
g e e o B A cec,

space-time ditpelf eadindoprradiessmsission foethbitfomsaasmiitoganlssuaam aihbiatentbat in carrier
group #A, carrier group #B, carrier group #C, and carrier group #D, data symbols are shown in stream
s2, but whelayne exists in Table 5.

[0930]
A detection and log-likelihood ratio calculation unit (6612_2) is a
20  processing unit for the enhancement stream (enhancement layer) that receives the
channel estimation signals for the enhancement stream (6606_2, 6607_2, 6609 2,
and 6610_2), baseband signals for the enhancement stream (6608 2, 6611 2), and
the signal regarding information on the transmission method indicated by the
transmission device (6604) as input, estimates the modulation method and the
25 method of switching between precoding matrices used for the enhancement stream
(enhancement layer) from the signal regarding information on the transmission
method indicated by the transmission device (6604), and based on the modulation

method and the method of switching, decodes the precoding, calculates the
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transmission method for transmitting only stream sl is used, in some cases there are no data symbols
in stream s2. [0863] The pilot symbols are for the reception device to perform channel 5 estimation, i.e.
to estimate fluctuation corresponding to hil(t), h12(0, h21(0, and h22(t) in Equation 36. (In this
embodiment, since a multi-carrier transmission method such as an OFDM method is used, the pilot
symbols are for estimating fluctuation corresponding to hil(t), h12(0, h21(0, and h22(t) in each

subcarrier.)|pg-dikelignd tradie K aatishilssion andphittia ftagebikahitieodsrabedsfgnah€opilst &ymbols,

which are 10 structured to form a pattern known by the transmissjon and reception devices.
F irthermord\ife Y RO s BB O PR Sk RNE O e AGE] et

estimation g{ﬁgﬁﬁﬂjﬁ@@%n?%@g}@@@%r?gﬁc?uc]}’gn. [0864] Fig. 56 shows an example of the

structure of a rece evice for-15°recelving mo ted signals transmitted by the transmission
device in Fippg¥] Elements that operate in a similar way to Fig. 7 bear the same reference signs.
[0865] In Fig. 56, an OFDM related processor (5600_X) receives, as input, a received signal 702
X, perférms predetdmihtetiansatssnglemice slegnuitbes pitbgssew 2@ dpyhigsz G4 andSidileirly, an OFDM

related processor (5600 Y) receives, as input, a.received signal 702 Y, performs predetermined
orccesaing BRI DHECH Ol AR Fon [aBe Fhe EoH RSBmO lSSuid unit 709
in Fig. 56 regcey 15 S | 704 0 the:control
information%?ﬁ@sqgnwgﬁl%ﬁuﬁC%Fﬁtc}ﬁ in oﬂ%@%@s&rﬁtﬁé@ﬁa&igﬁsﬁsﬁgﬂ 55nB It% ogtgin the
control inforpgdigarlyansmitigsbivitthese sembelplioth oWt a ¢afsralgional régarthay intedes the
obtained information. [0867] The channel fluctuation estimating unit 705_i for the modulated signal
zl receives, tEaNRpisE0thengtbedssed Bigraicimal Xrangnissiedn(tbe sigaduipt®npershed, ciiennel

cutpul0 2 RN UG R ALH JOB T REEb " reGAAIER T He-Eh RS AR Ao BGchvating uri

705_2 for t ' ' [ , ' d trol
el 710, DG e R e coh P kel S e Togne

desired cargefreceign)cédiflPriptisdy siperufed ssitig)asieing gar) 7 86d thd IB&OFurth&imutarin the
channel fluctuation estimating unit 705_i for the modulated signal zl receives, as inputs, the processed
signal 704_thearrCend @b higwicsigaHPY spMbeitrratertiaensyeboinaton prepeklesiéorgebapedquired by
the reception device 15(the desired c&rrier grou ), and ouﬁt&)uts a ?hannel estimation signal 708_i.
estimation (estimation of fluctuations 1n the channel), frequency synchronization,
15  frequency offset estimation, and signal detection have a frame structure existing in a
separately transmitted signal. Note that this is true not only for Embodiment A1, but
also for Embodiment A2 and subsequent embodiments.
[0932]
A deinterleaver (6614 1) receives the log-likelihood ratio signal (6613_1)
20 as input, reorders the signal, and outputs a deinterleaved log-likelihood ratio signal
(6615_1).
[0933]
Similarly, a deinterleaver (6614 2) receives the log-likelihood ratio signal
(6613_2) as input, reorders the signal, and outputs a deinterleaved log-likelihood
25  ratio signal (6615 2).

[0934]
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[0870] Similarly, the channel fluctuation estimating unit 705_2 for the modulated signal z2
receives, as inputs, the processed signal 704_Y and the control signal 710, performs channel
estimation in the carrier group required by the reception device 20(the desired carrier group), and
outputs a channel estimation signal 708_2. [0871] The signal processing unit 711 receives, as
inputs, the signals 706 1, 706 2, 708 1, 708 2, 704 X, 704 Y, and the control signal 710. Based on the
information included\irtlesedssnipollSigharaceiven the datmienisausa g bl imoetliegitn sigialod, 25
error correc&ﬁiﬁ)n coo&}ngl method, coding ratio for error corre%&%qm coding, bF!ock size of error correction
codes, and (&l foPthd B4ta SRHBBRSH SHOMiGRHGAUAR LGP GariB g UIBUthe 855 brocessing
unit 711 dem?mma@gﬁfcgdes the data symbols and outputs received data 712. [0872] Fig.
57 shows the structure df the"OFDM related processors (5600 X, 5600_Y) in Fig. 56. A frequency
converter (33933 yeceives, as input, a received signal (5700), performs frequency conversion, and
outputs a frequency converted 5signal (5702). [0873] A Fourier transformer (5703) receives, as
input, the frequencybtdiadited dagade(X8626, gerraenea thewitéttaderveenhogrhikeinpatsratmourier

transformed si 704). 10[0874] __As described above, when usi lti-carrier transmissi
mothon SucHOLBLIPOIoBA) AelNB: AEHRI S Ak G s ToPA AP R AP e

transmissiommﬁﬁbg%li{s gg&fpr jach carrier group, thereby allowing for the reception quality and
transmission speed to lge sel'f2 r each carrier group, which yields the 15 advantageous effect of

constructiofggBaflexible system. In this case, as described in other embodiments, allowing for choice
of a method of regularly hopping between precoding matrices offers the advantages of obtaining high
reception quality, a¥\ilxen adrsigsmisshemmpsidm estedasna alds % ibr daHaymngvnathndsd resent
embodiment, the fransmission methods to which a carrier group can be set are "a 20 spatial

multi Qxind)ﬂﬁﬁ&(ff’system, a MIMO method using a fixed precoding matrix, a MIMO method for

regularly hopplagybeliigey HLeuétt '6‘8’i%H%S,tr%o%%%ﬂ]&HHCHeWQé“ﬂgﬁérm{Eaﬂﬁ&iﬁ%ﬂ {nethod for

transmitting only stream sl" e transmission methods are not limite IS way. Furthermore, the

space-time ieg@iiagnis e limiteddinthenmeibes desgribediméthmiefesened teVkigh®ty Nestisdde 25 MIMO
method using a fixed precoding matrix limited to method #2 in Fig. 49, as any structure with a fixed

precoding raigesdingdoaiiaese Thetdeterigamndnitpdikedingat datis cabeulat ethtenisaSai thd
transmission devij s been descriped, but when the number of gntennas is larger than two as well,
the same aaoarﬁé%sogﬁée@mé B@“%%ﬂﬁb%%%%ﬁf%&hﬂ@r Oﬁé@ction of a transmission method
for eagh calmgt GRKAERNPERBYAHRRP M HBIRHRA MR EIREon HIMELSHRGHSing a fred
precoding matrix, a MIMO method for regularly hopping between precoding matrices, space-time block
coding, or drfansatissionnMmetaisld f@ tigsfereliting, onlyddstheamaisniBBicn  devites. G8Asmind 58B show
a method of allocation into carrier groups that differs from Figs. 47A, 478, 48A, 48B, and 51. In Figs.
47A, 47B, 48F0raswiop1085A¢ anadBs B asdiaingraile Bavbelseceniian adeisagerbimaasbingroups of
10 subcarriers. In Figs. 58A and 58B, on the other_hand, the carriers in a carrier group are arranged
discretely. PIRCOREN TS WP BATEEFIERS O ARNIEh A, BEOE BB ARG domains
that differs HQEBd:eiQﬁeA'g]l%céaiﬁ 48A, 48B, 51, 55A, and 55B. Figs. 58A and 58B show the frame
structure for carriers 1 through ,9| times $1 through $K. Elements that are similar to Figs. 55A and 55B
bear thg sa[0e3l4 reference signs. Among the data symbols in Figs. 58A and 58B, the "A" symbols are
symbols in carrier group A, the "B" symbols are symbols in carrier group B, the "C" symbols are
symbols in carrier gfSugesspritHOORe, siimiisiscase simbierariehiecatidrgrolissiPNT HSE@rriee groups

B T o M S BiRScB ISTRRRS oS e A LS corer
Improving reception quality of data.
[0938]
25 The present embodiment has described examples of four-slot and eight-slot
periods (cycles) in the method of regularly switching between precoding matrices,

but the periods (cycles) are not limited in this way. Accordingly, for a precoding

hopping method with an N-slot period (cycle), N different precoding matrices are
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20 time domain. This type of arrangement yields the advantageous effect of obtaining time and
frequency diversity gain. [0876] In Figs. 47A, 47B, 48A, 48B, 51, 58A, and 58B, the control
information symbols and the individual control information symbols are allocated to the same 25 time
in each carrier group, but these symbols may be allocated to different times. Furthermore, the number
of (sub)carriers used by a carrier group may change over time. [0877] (Embodiment 16) Like

Embodimenegessary predastcasebbiihdrid lidsttlbes dihethidd foYegllany prepprag aethebh
requiarly hOBPIS BeRirSCA BFaESHAIRG i BEcPE0R s BERBEI (el Vot SRS SRS THBEBcing
e RS ARAY I S e RO et 250 -
value (not dgpering qnblitvihereyemdht (3883 IMateRRPthiguasipV2RR N different precoding
5 matrices F[0], F[1], F[2], ..., F[N - 2] , F[N - 1] generated in the present
Embodiment, precoding weights may be changed by arranging symbols in the time
domain or in the frequency/time domains as in Embodiment 1. Note that a precoding
hopping method with an N-slot period (cycle) has been described, but the same
advantageous effects may be obtained by randomly using N different precoding
10  matrices. In other words, the N different precoding matrices do not necessarily need
to be used in a regular period (cycle).
[0939]
In Table 5, as an example of when transmission is not hierarchical, it has
been described that for some modes, a hierarchical transmission method is not used
15 in the method of regularly switching between precoding matrices, but modes are not
limited in this way. As described in Embodiment 15, a spatial multiplexing MIMO
system, a MIMO system in which precoding matrices are fixed, a space-time block
coding method, and a one-stream-only transmission mode may exist separately from
the hierarchical transmission method described in the present embodiment, and the
20  transmission device (broadcast station, base station) may select the transmission
method from among these modes. In this case, in the spatial multiplexing MIMO
system, the MIMO system in which precoding matrices are fixed, the space-time
block coding method, and the one-stream-only transmission mode, both
transmission that is hierarchical and transmission that is not hierarchical may be
25  supported. Modes that use other transmission methods may also exist. The present
embodiment may also be adapted to Embodiment 15 so that the hierarchical

transmission method that uses the method of regularly switching between precoding
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20 fori=
[0882]

the a in Equation 254 be the same value.)

N,N+1,N+2 ..,2N-2,2N-1: 1 axee C9110+2) a2 1e16210)a x e1(19210)21I)

Let a be a fixed v due (not depending on i), where a > 0. (Let the a in Equation 253 and

From Condition #5 (Math 106) and Condition #6 (Math

107) in Embodiment 3, the following conditions are important in Equation 253 for achieving 5excellent

data reception quality. [0883] Math 296 Condition #46 # e1(0(9,i(Y))for Vx, Vy (xy; X,y =0,1,2,
2, N -1) 10 [088ursxiasalesajheiin Melpyas¢0oBBR)Mdimed7 issigedridiaoy efithei(sucani€ny,),

e49"62)-821
of the follo

10

15

20

25

N -

Wﬁ]é@b r VX, V x y; X, y=0,1,2, ,N-2,N-1)[0886] (xis 0,1, 2,...,N-2,N-1;yis 20Addition

Hﬂlmﬁﬁ‘ onsidered. [0887] Math 298 Condition #48
(Embodiment A2)

In Embodiment Al, a method of achieving hierarchical transmission with
methods of regularly switching between precoding matrices has been described. In
the present embodiment, a different way of achieving hierarchical transmission is
described.

[0940]

Figs. 67 and 68 show the structure of a transmission device when
performing the hierarchical transmission of the present embodiment. Constituent
elements that are the same as in Figs. 61 and 62 are labeled with the same reference
signs. The difference between Fig. 67 and Fig. 61 is that the precoder 6108 _1 is not
provided. The present embodiment differs from Embodiment Al in that the base
stream (layer) is not precoded.

[0941]

In Fig. 67, the mapper (6105 1) receives the interleaved, encoded data
(6104_1) and the information signal regarding the transmission method (6111) as
input, performs mapping according to a predetermined modulation method based on
the information signal regarding the transmission method (6111), and outputs a
baseband signal (6700).

[0942]

In Fig. 68, the reordering unit (6200_1) receives the baseband signal (6700),
the precoded baseband signal (6110 1), and the information signal regarding the
transmission method (6111) as input, performs reordering based on the information
signal regarding the transmission method (6111), and outputs the reordered
baseband signal (6201_1).

[0943]
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On (x) =(x + N) for Vx (x=0,1,2, ,N-2,N-1)25and 6121 6)) =6121(y + N) for Vy (y =0,1,2, , N
-2,N -1) [0888] Next, in order to distribute the poor reception points evenly with regards to 5
phase in the complex plane, as described in Embodiment 6, Condition #49 and Condition #50 are
provided. [0889] Math 299 Condition #49 ei(9"(x+1)-921(x+1))7 27r 10 ej(19"(4-1921(4)e N for Vx (x
=0,1,2, ,N-2) 15[0890] Math 300 Condition #50 ei(0"(x+0-on(x+0)2.7\ ei(0"(x)-0,N(9) for Vx (x =
0,1,2, ,N-2) [088h§ reorderetnibrde2Chiticaseiresmidanptreadne diffeebane ipighalse is 27¢/N
radians. O g 5 the Soformanon Sighal Tegarding. the Tanemission method (6115) as 2o "™
input, performs reordering based on the information signal regarding the
transmission method (6111), and outputs the reordered baseband signal (6201_2).
5 [0944]
Fig. 69 shows an example of symbol structure in the baseband signal of Fig.
67. The symbol group is labeled 6901. In the symbol group (6901), symbols are
represented as “B #X”, which refers to the “X™ symbol in the base stream (base
layer)”. Note that the structure of symbols in the enhancement stream (enhancement
10 layer) is as shown in Fig. 64.
[0945]
Figs. 70A and 70B show the method of reordering in the reordering unit
(6200_1) and the reordering unit (6200 2) in Fig. 68. Symbols shown in Figs. 64
and 69 are arranged in the frequency and time domain as shown in Figs. 70A and
15 70B. In Figs. 70A and 70B, a “-” indicates that no symbol exists. During
transmission, symbols in the same (sub)carrier and at the same time are transmitted
at the same frequency and at the same time from different antennas. Note that the
arrangement of symbols in the frequency and the time domains as shown in Figs.
70A and 70B is only an example. Symbols may be arranged based on the method
20  described in Embodiment 1.
[0946]
When the base stream (base layer) and the enhancement stream
(enhancement layer) are transmitted, it is necessary for the reception quality of data
in the base stream (base layer) to be made higher than the reception quality of data
25 in the enhancement stream (enhancement layer), due to the nature of the streams
(layers). Therefore, as in the present embodiment, when transmitting the base stream,

the reception quality of data is guaranteed by transmitting using only the modulated

signal z, (i.e. without transmitting the modulated signal z,). Conversely, when
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[0892] Letting 011(0) - 021(0) = 0 radians, and letting a> 1, the distribution of poor reception points
for sl and for s2 in the complex plane for N = 3 is shown in Figs. 213 60A and 60B. As is clear from
Figs. 60A and 60B, in the complex plane, the minimum distance between poor reception points for sl is
kept large, and similarly, the minimum distance between poor reception points for s2 is also kept large.
Similar conditions are created when a < 1. Furthermore, upon comparison with Figs. 5 45A and 45B in
Embodimentarsmiitikinghteraanecorididdieaionsiasiic/Heab sainseris9othes groplebieyted dyreater
distance between poor receptiop points in the complex plane increases when N is an odd number as
compared tHHerf FREERPEy e nEFRHEH VoS VAUER o e RIRSR mBHFCRH B R e SUNFS, the
minimum di [ ints. 6tk : o0 be al0
certain Iengﬁ@?ﬁtﬁ e gﬁﬁn%%%%@%{rQl}g%ge&p{%w%msggsnﬂ%%m%ﬁé?& %véﬁ?és?;& ’\ssfgL éeven if N is
an even nugHesf pacess da -exdsisRerebiarm reception quality can be guaranteed. [0893] Therefore, in
the method for regularly hopping between precoding matrices 15 based on Equations 253 and 254,
when N is S89%7&n odd number, the probability of improving data reception quality is high. Precoding

matrices F[0]-F[2N - ll#l'are generated based on Equations 253 and 254 (the precoding matrices
F[O]-F[2N - 1] may B&#€dhy order for the 2N slots in the period (cycle)). Symbol number 2Ni may be

precoded us ], symbol n |+ 1 p )ﬁiﬁ% ' [1%n a éi gymbol number
2N xi+h ma%@%recoded u:;%gﬁﬁ%ﬁﬂor} exrﬁér?p{) e (h fz&g , dﬂféﬂ%d: ,%tlblg-a)l).LP Fl this case, as
described in previous embodimesys sfeagedingematrices neeghapt&adipped betwgan|regularly.)
Furthermore, when the modulation method for both s 1 and s2 is 16QAM, if a is set as|in Equation
233, the advantageous effect pf increasing the minimum diglayies between 16 x 16 = 256 25 signal
points in the IQ piane for a specific LOS environment may|be achieved. [0894] rhe following
conditions are|\f.lr ibte as condRfPg differing from Condit otpAEVE [0895] Math 301 Condition #51

e1(0"(x) 02,(4@0%5) (92,(A Zﬂ%/ ,(Xy; X,y =N,N+1,N %,A@Xﬁ,ZN-l) [0896] (where xis N, N + 1,
- 1;andXx

N+2, .., 2N-22N*1;yis N, N+2, .., 2N -2, 2N #y.) [0897]
Mode #3 QPSK 256QAM
Mode #4 16QAM 16QAM
Mode #5 16QAM 64QAM
Mode #6 16QAM 256QAM
Mode #7 64QAM 64QAM
Mode #8 64QAM 256QAM
Mode #9 256QAM 256QAM
[0948]

The characteristic feature of Table 6 is that the modulation method for the
10 base stream (base layer) and the modulation method for the enhancement stream
(enhancement layer) may be set the same. This is because even if the modulation
method is the same, the transmission quality that can be guaranteed for the base
stream (base layer) and the transmission quality that can be guaranteed for the
enhancement stream (enhancement layer) differ, since different transmission
15  methods are used for the two streams (layers).
[0949]
232



10 Math 302 Condition #52 T9"())-92,(4-4 640G)-02,6)-4for VX, Vy (x =y; X,y = N,N +1,N+ 2, 2N
-2,2N -1) [0898] 15(where xisN, N+ 1, N+2, ..., 2N-2,2N-1;yisN,N+1, N+ 2, ..., 2N - 2, 2N- 1;
andx#y.) In this case, by satisfying Condition #46, Condition #47, Condition #51, and Condition
#52, the distance in the complex plane between poor reception points for s 1 is increased, as is the
distance between poor reception points for s2, thereby 20achieving excellent data reception quality.
[0899] In the prEBestrentusdahattansaisticiodenicsracaohgr thfgreseptreouuidynestrices for a

precoding hop method with 2N -S r|o has been described, In this case, as the
2N dlfferent"‘b?g B%HB Fﬁg?nZeaep Igelﬁ} QTe éfﬁ{ t‘ﬁ QBSRflons é'PG,E;WBBgF@I?n rﬁﬁéspresent

embodime herefore
the case of L0 CoE gt A | %@ e o 7 o
the frequengytdramiaphesolipe)) described. The present invention is not, however, I|m|ted in this way,
and the 2N different precoding matrices F[0], F[1], F[2], F[2N - 2 ], F[2N - 1 ] generated in the present
embodimertO8tB] be adapted to a multi-carrier transmission method such as an OFDM transmission

method or the like. As | odiment 1, as a method of 5 ada tio |n this cas ecoding weights
may be changed by BrFaR %%WHS!E SR RSP R AYERY iR (RS TE0 Sﬂéﬁquifaﬁxomam

Note thatamﬂ?ﬁg%gg@% %ﬁc@&'u?'&e‘ﬂ“ r'r%d%QCMg* n*?é’[?oher% g /iRd, butthe

same advantageous e o tained by random usi erent pre odlng matrices. In

other wordsy e @iNgdiffetrod mgé@mlygtﬁeatmmﬂ@smt Id%vﬁﬁsaé"wéc@ﬂﬁﬂtb@p BeusRdifienregular
period (cycle). [0900] Furthermore, in the precoding matrix hopping method over an H-slot period

(cycle) (H beégiire eritucantiiynbier peged thgumeibaslinsee myf mwrz‘mgithiaérﬁermati(@yclé)tm the above

method of reqularl between preco matrices), 15 when the 2N differen odin

Moo o St A R R koW Ao o

increases. (3938} (oA evice MINTURIRAS AL ROELONG 47 8&%@%&1 jgrarchically,
rly switching

i
and a 20 transmission metgF) crjsadoptlng the met of reg etween precoding matrices

described ipfhaheainantstiedm is @avaribetdntdelajerd096y] acqﬁigmg61mode62uaf@rm@mmple
according to the present embodiment, of the structure of a transmission device in a broadcast station.

An error coifaasiditiet dnEre2BABI0ES IPhoHey sas & saerainghadbddpeeptisteapdaa idrmigtié (6100 I) of
e s PR CR  ohcp K R ogsp
15 log-likelihood ratio calculation unit change the signal processing method. Note that
settable modes have been described with reference to Table 6, but modes are not
limited in this way. The present embodiment may be similarly achieved using the
modes for transmission methods described in Embodiment 8 or modes for
transmission methods described in subsequent embodiments.
20 [0951]

As described above, in the case of hierarchical transmission, using the
above methods of switching between precoding matrices achieves the effect of
improving reception quality of data in the reception device.

[0952]

25 The periods (cycles) of switching between precoding matrices in the method
of regularly switching between precoding matrices are not limited as above in the
present embodiment. For a precoding hopping method with an N-slot period (cycle),

N different precoding matrices are necessary. In this case, F[0], F[1], F[2], ..., F[N -
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An error correction encoder (6101_2) for an enhancement stream (enhancement layer) receives
information (6100_2) of the enhancement stream (enhancement layer) as input, performs error
correction coding, and outputs encoded information (6102_2) of the enhancement stream
(enhancement layer). 5[0904] An interleaver (6103 i) receives the encoded information (6102 _i) of
the base stream (base layer) as input, applies interleaving, and outputs interleaved, encoded data
(6104 _i). [08D5]AldEimlhriye senaseeasete 10Tifferestipessaokingnomdedenfdrihtopresal2_2) on the

enhancement stream (enhancement layer) as.input, applies interleaving, apd outputs interleaved,
encotieq GoREIBTEHE, (DTG R SRS Ao L ENE PR RS BV T e B B o104,
and an 15 i ' [ ingyihe tr IS$i et j f odulation
in accordanli(}:{g %&@%ﬁ’fﬁ@ﬁ? d'?ﬁz(jdmétﬂﬂggi’gg[ ag?ﬁ%ﬁﬁ%ﬁ@ﬁ%ﬁ?ﬁ?oﬁ%m@ge indicated
by the inforinatigneignaliegnr diffeetoet thaasadingionatniedsad (12 1], #djoutnutsna baepprd signal
(6106 _i) (corresponding to s1 (t) (307A) in Fig. 3) and a baseband signal (6106_2) (corresponding to
s2(t) (397BY ih]2geregateyl Théhmioieseniob eI esapiasgding tueighis sty rhethbangsdddexample,

information such as the tran nﬂs% system for hierarchi&gl t[]ansmissizrljggge modulation method, the
transmissioff SIS, 3 A 6n URGEUBAIAg Hhdfidg JEHGRALY ARG G af%ifission

method thaE‘@EH@H%éﬁgﬂiQS *%ﬁ%“é’ﬁ‘?ﬂ?g%'igo?ﬁﬂiHggﬁn@l‘g%‘?&%éﬁ%ﬁ(ﬁ%{g%@g}%@rf&?igg{l}zth°d (type

of coding, coding 25rat nd the like. rly, a mapper _2) receiv

interleaved has eede dekaiahdal Odit haswhibadotenaaionr siaab ieaarknshthmémngmiagmniynethod

(6111) as 217 input, performs modulation in accordance with a predetermined modulation method
based on tHésitngnbhiEieiehdiresadiricmatiigsthinimihenanordsigihal hegdiffinenthpracatingssion

methad, (6111), and outputs a basepand signal (6107 _i) (corresponding to si(t) (307A) in Fig. 3) and a
asctiiha TR0 B Gorreap N e D o3 B0 BSA R P 900641 A precoder (5105 1
receives thid% band signal (6106 i) (corresponding to s1(t) (307A) in Fig. 3), the baseband signal
(6i06_2) (c rres%[jonding to s2(t) (307B) in Fig. 3), and the information signal regarding the

transmission methoeyihébhdile, aratslieus, hesfosars essivioiacabaseithgmibae¢dnafiehoeguiarly
switching between precoding matrices as indicated by the information signal regarding the

transmissiohi enateiigaletrangmistdosutp e sopeetideslasatdosih o ded age iNgtdinaisebhaling to z1(t)
(309A) in Fig. 3) and a precoded baseband signal (6109 2). (¢corresponding t t) (309B) in Fig. 3).
a10000] i e RSl b EORP O T B Ab A e R A SR Bonciog o
s1(t) (BO7A\MNTIS- ' di C@Z# in in.Eig.3), and the
informfaﬁ)ion}\s)fl]gl\rllﬁg r%éﬁnﬁm?giﬁgg‘c@ ﬁn%%ﬁ?&%ﬂ%ﬁ%air:g%@per orr%igg(;%lég&é?gg] ased on

the methodréhddeadaeissedrabongybeansasgisecatiog malrieedasfdinetestbthedolarpation
signal regarding the transmission method (6111), and outputs a precoded baseband signal (6110 i)

(correspondinéa8iag (HEBCBA) prerngliay dnetdcsre s 6 isisaeraiatelyniap (e 1e_Mpratmidonding to
éé(;)a(f’ogB)[r%‘nsF sSbrOmetod Qestribed B0 S Teagnt Erbad et St the e earon "aseband
device (broadcast station, base station) may select the transmission method from

20 among these modes. In this case, in the spatial multiplexing MIMO system, the
MIMO system in which precoding matrices are fixed, the space-time block coding
method, the one-stream-only transmission mode, and the modes for methods of
regularly switching between precoding matrices, both transmission that is
hierarchical and transmission that is not hierarchical may be supported. Modes that

25 use other transmission methods may also exist. The present embodiment may also
be adapted to Embodiment 15 so that the hierarchical transmission method described
in the present Embodiment is used in any of the (sub)carriers in Embodiment 15.

[0954]
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(6109 _i) and the precoded baseband signal (6110 _i) as input, performs reordering, and outputs a
reordered, precoded baseband signal (6201_i). [0911] Similarly, a reordering unit (6200_2)
receives the precoded baseband signal (6109 _2) and the precoded baseband signal (6110 2) as input,
performs reordering, and outputs a reordered, precoded baseband signal (6201 2). [0912] 5An OFDM
related processor (6202 _1) receives the reordered, precoded baseband signal (6201 1), applies the
signal procéEsimg@dieitodd)in Embodiment 1, and outputs a transmission signal (6203 _i). The

transmission signal (6203 i) is output from an antenpna (6204 i). [0913] 10Similarly, an. OFDM related
processor (6202_2)1( meefé)g%lé'w,t pqéﬁgé&f §é§f§ﬂﬂ:£gﬁgl f@’i@ﬂ%ﬁﬁblﬂe’g fhe signal

processingﬁs Etﬁ%jolﬂrﬁ IPSPQ‘IW A,Zgnd outputs a transmission signal (6203 _2). The transmission
signal (620 _g?is output fgrﬁm an antenna (6204_2). [0914] 15Fig. 63 illustrates operations of the

precoder (6[g¥85i) in Fig. 61. The precoder (6108_i) regularly switches between precoding matrices,
and the structure and operations of the precoder (6108_i) are similar to the structure and operations
descrided in Figs. 3§22/ lanahthe/Rkeshincdheigsteactiuietrafe s tiieapsadssien (6EY8Ce ), WEN63 shows

ti f ighti fthe b base | As 20 sh in Fig. 63, when th d
0208, 1 pertBFR A, NS ARG BB PP gRieabaloE ELFHE L SARSARG ignl by
performing pescoroe 414 A <200 & ceneraiedias e Bl BEPGRANAd e e By v Ches

between precoding matrices. The precodi ase stream (base layer) is set to an eight-slot

period (cyclsiypyeT hehieftdhs o ereaisg IPRIE7IE svdtehad tHdie Breeedinge Blookatiges fTaoweighting
are represented as F[0], F[1], F[2], F[3], F[4], F[5], F[6], and F[7]. The symbols in the precoded signals
zi(t) and z2i8) @vigresehbed preE31 MBoEBORNIN digess, frosynibaibisdisprateAiddins tRtX FY]",

which refers to the Xth symbol jn the base stream (base layer) bej ecoded with the F[Y] precoding
v B IR, PR Sk R T TEET 16 DR AR LEUBrations of the precoder
(6108_2) in g% 1. The 5 precoder (6108_2) regularly switches between precoding matrices, and the
structure ar{ operations of the precoder (6108 _2) are similar to the structure and operations described

in Figs. 3, 6, 22, antfibedjikgeSinge bigcR1ldbusiraErtle Quadsian(GHdte2:dsis. pdaghdwsaoperations
for weighting of the enhancement stream (enhancement layer). As shown in Fig. 64, when the

precoder 6 T0B|UB3RAcE Div@leiepaRry indighéh reeepiescadeagroBbasgett sigsal (Hfée6ed
baseband signal by performi ing, z1(t) and z2(t) t It of ding that
roguianty SR SRR SRR AU e RSN B B i SR

(enhapgemppira¥ed d a?%t-ﬁ%% fﬁf&c‘ﬁ'%ﬁﬁ{g)%é&é(&'%%% %ﬁ%‘?ﬁﬁtﬂ@fgiﬁgﬁgi%&&%’i%gistﬁ%’”‘:hed-

The precoding matrices tor weighting are represented 15as , . The Symbols in the

precoded sigagmi§ibanteIRd) teerepraseoiagas 84p3cenihtet0fbdk figedbascpmbeldadepresented
as "E #X f[Y]", which refers to the Xth symbol in the enhancement stream (enhancement layer) being

precoded witH 02e ¥)Y{rersesrnirs naatrad(@Yherel vaispageititagepleskh ocoded).qasebend signal
(7102_2) (represented as z,(t)).
[0957]

20 While referred to here as space-time block coding, symbols that are
space-time block coded are not limited to being arranged in order in the time domain.
Space-time block coded symbols may be arranged in order in the frequency domain.
Furthermore, blocks may be formed with a plurality of symbols in the time domain
and a plurality of symbols in the frequency domain, and the blocks may be arranged

25  appropriately (i.e. arranged using both the time and the frequency axes).

[0958]
In Fig. 72, the reordering unit (6200 _1) receives the space-time block coded

baseband signal (7102_1), the precoded baseband signal (6110 1), and the

235



20Figs. 65A and 65B show the method of reordering symbols in the reordering unit (6200 _i) and the
reordering unit (6200_2) in Fig. 62. The reordering unit (6200 _i) and the reordering unit (6200_2)
arrange symbols shown in Figs. 63 and 64 in the frequency and time domain as shown in Figs. 65A
and 65B. During transmission, symbols in the same (sub)carrier and at the same time are transmitted
25 at the same frequency and at the same time from different antennas. Note that the arrangement of
symbols in thofregiencsignad tiegandiegidhealiianamitsivin nrefrigd. BHA BnaseBB i, opgyfarmsxample.

Symbols may be arranged based on the method described in Embodiment 1. [0917] When the
oace strearTESaEATay SAF R Plhel o HATRETRBAS R GHRECEIER KGR e ORI 1 i

necessary f 1_% rfgggt[gi &%ng)f rg@g@di%ég@ogﬁ&@?em@@sglayer) to be made higher than the

reception quality ‘0 In the enhancement stream cement layer), due to the nature of the
streams (layggsp]Therefore, as in the present embodiment, when using a method of regularly
switching between precoding matrices, the modulation method when transmitting the base stream
(base layer) is set tSidhtfer lirorthenseardatingiominhbidni)e reaeivemittit goreeasiedahasshand stream

Table 3 VOB b ARG LR GTFSPHER DEFLAR (EA) WoMicH oMo TR SR S s roam
(layer) Modg, & RFathe 6SMiMrieiardl w1 PR M PR ASrRE Rrdering based on the
information signal regarding the transmission method (6111), and outputs the
reordered baseband signal (6201_2).
10 [0960]
Fig. 73 is an example of a structure of symbols in space-time block coded
baseband signals (7102_1, 7102_2) output by the space-time block coder (7101) in
Fig. 71. The symbol group (7301) corresponds to the space-time block coded
baseband signal (7102_1) (represented as z,(t)), and the symbol group (7302)
15  corresponds to the space-time block coded baseband signal (7102_2) (represented as
Z,(1)).
[0961]
The mapper (6105_1) in Fig. 71 represents signals as s1, s2, s3, s4, s5, s6,
s7, $8, s9, s10, s11, s12, ... in the order in which signals are output. The space-time
20  Dblock coder (7101) in Fig. 71 then performs space-time block coding on sl and s2,
yielding s1, s2, s1*, and —s2* (*: complex conjugate), which are output as in Fig. 73.
Similarly, space-time block coding is performed on the sets (s3, s4), (S5, s6), (s7, s8),
(s9, s10), (sl11, s12), ..., and symbols are arranged as in Fig. 73. Note that
space-time block coding is not limited to the coding described in the present
25 embodiment; the present embodiment may be similarly achieved using different
space-time block coding.

[0962]
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256QAM Mode #4 16QAM 64QAM Mode #5 16QAM 256QAM [0919] 15By correspondingly setting
the method of regularly switching between precoding matrices used when transmitting the base stream
(base layer) to differ from the method of regularly switching between precoding matrices used when
transmitting the enhancement stream (enhancement layer), it is possible for the reception quality of
data in the reception device to improve, or to simplify the 20structure of the transmission device and
the reception devic&igss ZAR@NApPIé Pasiem ashexamipleigh.tbe meihed, ofheaoidsiriga imdtitod of
modulating by modulation leyel (the number Oﬂa’i? nal Eoints in the 1Q plane?)g it may be better for
a

f
methods of EYHRSMPHACRa] bk PP EOTY N9t O O i MRS ef6rd 19 rhidth&3r setting

the periods i f J {tehi i l when
transmittinge(&xeﬂ?ggq sﬁgﬁ?@eﬁéﬂgﬁ%@%fwﬁaﬁﬁ gﬁ?ﬁ%ﬁ Qﬁ@%‘é{'@&?d twg $%%§§ji€ regularly
switching beiwéeendy eering PRINTAB usesh whkenlansmittngihg syiboremeant stieaated
(enhancement layer) is effective, since this method for setting improves reception quality of data in the

receptibn deigsal ozsimpliiedithe siamaine aTcthther iiemniestyn dRRIS. aRTg résstivastiyvice. 10

L I 5 R P

differ f ttehi ' ' itting th
enhancoma L B e S e T ccoing

15 matricespgisevas shavr4s Tighlraf tpacatintel thedwasekdheyedolbeasetdentiyednipduation
methods of the streams (layers) in Table 3. (In Table 4, A, B, C, and D indicate different methods of
switching b&teaeengrdeotiiyimateees.) [0920] Table 4 Mode Base stream (layer) Extension stream

laveny  [og63]

Figs. 75A and 75B show an example of the method of reordering in the
reordering unit (6200_1) and the reordering unit (6200_2) in Fig. 72. Fig. 75A is an
example of arranging symbols in the modulated signal z, in the time domain and the
frequency domain. Fig. 75B is an example of arranging symbols in the modulated

15 signal z, in the time domain and the frequency domain. During transmission,
symbols in the same (sub)carrier and at the same time are transmitted at the same
frequency and at the same time from different antennas. The characteristic feature of
Figs. 75A and 75B is that space-time block coded symbols are arranged in the time
domain in order.

20 [0964]

Space-time block coded symbols can thus be ordered in the frequency
domain or in the time domain.

[0965]

When the base stream (base layer) and the enhancement stream

25 (enhancement layer) are transmitted, it is necessary for the reception quality of data
in the base stream (base layer) to be made higher than the reception quality of data
in the enhancement stream (enhancement layer), due to the nature of the streams

(layers). Therefore, as in the present embodiment, when transmitting the base stream,
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modulation method method of switching between precoding matrices modulation method method of
switching between precoding matrices Mode #1 QPSK A 16QAM B Mode #2 QPSK A 64QAM C
Mode #3 QPSK A 256QAM D Mode

10

15

the reception quality of data is guaranteed by using space-time block coding to

achieve diversity gain. Conversely, when transmitting the enhancement stream,

hierarchical transmission is implemented by using a method of regularly switching

between precoding matrices, since improvement of transmission speed is prioritized.

For example, it is possible to use one of modes #1-#9 as in Table 7.

[0966]
Table 7
Mode Modulation method for | Modulation method for
base stream (layer) enhancement stream
(layer)
Mode #1 QPSK 16QAM
Mode #2 QPSK 64QAM
Mode #3 QPSK 256QAM
Mode #4 16QAM 16QAM
Mode #5 16QAM 64QAM
Mode #6 16QAM 256QAM
Mode #7 64QAM 64QAM
Mode #8 64QAM 256QAM
Mode #9 256QAM 256QAM
[0967]

The characteristic feature of Table 7 is that the modulation method for the

base stream (base layer) and the modulation method for the enhancement stream

(enhancement layer) may be set the same. This is because even if the modulation

method is the same, the transmission quality that can be guaranteed for the base

stream (base layer) and the transmission quality that can be guaranteed for the

enhancement stream (enhancement layer) differ, since different transmission

methods are used for the two streams (layers).
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#4 16QAM B 64QAM C Mode #5 16QAM B 256QAM D [0921] Accordingly, in the transmission
device for the broadcast station in Figs. 61 and 62, when the modulation method is switched in the
mappers (6105 i and 5 6105 2), the precoding method is switched in the precoders (6108 _i and
6108_2). Note that Table 4 is no more than an example. The method of switching between precoding
matrices may be the same even if the modulation method differs. For example, the method of
switching b&@4€&h precoding matrices may be the same for 64QAM and for 256QAM. The important
point is that there be at least two methods 10_of witchinrgmbetween reco inag Qiatrices when a plurality

of modulation methmeawgmeﬂ“ﬁ%érbgﬁ@%?ﬁﬁi elgSJ U RFAISRL TP A Phission: by
eStabliShin%mmgetﬁQ{aéi%nl%'ﬂ%fﬂf\é?g&ﬂ?@dmﬁ%ﬁq%?dﬂ%%daﬁbd6@%@&%@§Lﬁ\fﬂ?hmg

between precoding matrices even when not using hierarchical transmission, le for the

reception qupdiiyrefedaadinibatrecsiptitn rMevic€nioshadeiny ®leekesditgibnthe singRiur®eé the
transmission device and the reception device. [0922] Itis possible for a system not only to support
hierarchicalfeiaregulasysvwbichisy dstwReNapsecrivip pratr ttansnal SKIsttAaMO s Hiatareniedl. In this

case, 20 when transmissiqn is not hierarchical, in Figs. 61 and 62, operations of the functiopal units
related 10 1S e VA G oA R RS S o SRR ) (RSB S emm (base

e nUHSIORE PRSI RIRIINEA el our gt dnresorene
matrices. [0923¢ritabhebddiment may easily set the mode to the single mode for space-time
block coding or the single mode for regularly switching between precoding matrices.
10  [0969]

Furthermore, in the enhancement stream (enhancement layer), a method of
regularly switching between precoding matrices is used. As long as information
regarding the precoding method used by the transmission device is transmitted, the
reception device can identify the precoding method used by acquiring this

15 information. If the transmission and reception devices share the information in Table
7, another method is for the reception device to identify the precoding method used
for the enhancement stream (enhancement layer) by acquiring mode information
transmitted by the transmission device. Accordingly, the reception device in Fig. 66
can acquire the log-likelihood ratio for each bit by having the detection and

20  log-likelihood ratio calculation unit change the signal processing method. Note that
settable modes have been described with reference to Table 7, but modes are not
limited in this way. The present embodiment may be similarly achieved using the
modes for transmission methods described in Embodiment 8 or modes for
transmission methods described in subsequent embodiments.

25 [0970]

As described above, in the case of hierarchical transmission, using the
above methods of switching between precoding matrices achieves the effect of

improving reception quality of data in the reception device.
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Mode Base stream (layer) Extension stream (layer) modulation method method between matrices of
switching precoding modulation method method between matrices of switching precoding Mode #1
QPSKA 16QAMB

[0971]

The periods (cycles) of switching between precoding matrices in the method
of regularly switching between precoding matrices are not limited as above in the
present embodiment. For a precoding hopping method with an N-slot period (cycle),

5 N different precoding matrices are necessary. In this case, F[0], F[1], F[2], ..., F[N -
2] , F[N - 1] are prepared as the N different precoding matrices. In the present
embodiment, these have been described as being arranged in the frequency domain
in the order of F[0], F[1], F[2], ..., F[N - 2], F[N - 1], but arrangement is not limited
in this way. With N different precoding matrices F[0], F[1], F[2], ..., F[N - 2] , F[N

10 - 1] generated in the present Embodiment, precoding weights may be changed by
arranging symbols in the time domain or in the frequency/time domains as in
Embodiment 1. Note that a precoding hopping method with an N-slot period (cycle)
has been described, but the same advantageous effects may be obtained by randomly
using N different precoding matrices. In other words, the N different precoding
15  matrices do not necessarily need to be used in a regular period (cycle).
[0972]

Furthermore, Table 7 has been described as listing modes for methods of
hierarchical transmission in the present embodiment, but modes are not limited in
this way. As described in Embodiment 15, a spatial multiplexing MIMO system, a

20  MIMO system in which precoding matrices are fixed, a space-time block coding
method, a one-stream-only transmission mode, and modes for methods of regularly
switching between precoding matrices may exist separately from the hierarchical
transmission method described in the present embodiment, and the transmission
device (broadcast station, base station) may select the transmission method from

25 among these modes. In this case, in the spatial multiplexing MIMO system, the
MIMO system in which precoding matrices are fixed, the space-time block coding
method, the one-stream-only transmission mode, and the modes for methods of

regularly switching between precoding matrices, both transmission that is
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Mode #2 QPSK A 64QAM C Mode #3 QPSK A 256QAM D Mode #4 16QAM B  64QAM

hierarchical and transmission that is not hierarchical may be supported. Modes that
use other transmission methods may also exist. The present embodiment may also
be adapted to Embodiment 15 so that the hierarchical transmission method described
in the present Embodiment is used in any of the (sub)carriers in Embodiment 15.

5 [0973]
(Embodiment A4)

The present embodiment describes, in detail, a method of regularly
switching between precoding matrices when using block coding as shown in
Non-Patent Literature 12 through Non-Patent Literature 15, such as a Quasi-Cyclic

10  Low-Density Parity-Check (QC-LDPC) code (or an LDPC code other than a
QC-LDPC code), a concatenated code consisting of an LDPC code and a
Bose-Chaudhuri-Hocquenghem (BCH) code, or the like. This embodiment describes
an example of transmitting two streams, s1 and s2. However, for the case of coding
using block codes, when control information and the like is not necessary, the

15  number of bits in an encoded block matches the number of bits composing the block
code (the control information or the like listed below may, however, be included
therein). For the case of coding using block codes, when control information or the
like (such as a cyclic redundancy check (CRC), transmission parameters, or the like)
IS necessary, the number of bits in an encoded block is the sum of the number of bits

20  composing the block code and the number of bits in the control information or the
like.

[0974]

Fig. 76 shows a modification of the number of symbols and of slots
necessary for one encoded block when using block coding. Fig. 76 “shows a

25  modification of the number of symbols and of slots necessary for one encoded block
when using block coding” for the case when, for example as shown in the
transmission device in Fig. 4, two streams, sl and s2, are transmitted, and the

transmission device has one encoder. (In this case, the transmission method may be
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C Mode #5 16QAM B 256QAM D Mode #6 QPSK A Mode #7 16QAM B

10

15

20

25

either single carrier transmission, or multicarrier transmission such as OFDM.) As
shown in Fig. 76, the number of bits constituting one block that has been encoded
via block coding is set to 6,000. In order to transmit these 6,000 bits, 3,000 symbols
are required when the modulation method is QPSK, 1,500 when the modulation
method is 16QAM, and 1,000 when the modulation method is 64QAM.

[0975]

Since the transmission device in Fig. 4 simultaneously transmits two
streams, 1,500 of the 3,000 symbols when the modulation method is QPSK are
allocated to s1, and 1,500 to s2. Therefore, 1,500 slots (the term “slot” is used here)
are required to transmit the 1,500 symbols transmitted in s1 and the 1,500 symbols
transmitted in s2.

[0976]

By similar reasoning, when the modulation method is 16QAM, 750 slots are
necessary to transmit all of the bits constituting one encoded block, and when the
modulation method is 64QAM, 500 slots are necessary to transmit all of the bits
constituting one block.

[0977]

The following describes the relationship between the slots defined above
and the precoding matrices in the method of regularly switching between precoding
matrices.

[0978]

Here, the number of precoding matrices prepared for the method of
regularly switching between precoding matrices is set to five. In other words, five
different precoding matrices are prepared for the weighting unit in the transmission
device in Fig. 4. These five different precoding matrices are represented as F[0O],
F[1], F[2], F[3], and F[4].

[0979]
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Mode #8 64QAM C Mode #9 256QAM D
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When the modulation method is QPSK, among the 1,500 slots described
above for transmitting the 6,000 bits constituting one encoded block, it is necessary
for 300 slots to use the precoding matrix F[0], 300 slots to use the precoding matrix
F[1], 300 slots to use the precoding matrix F[2], 300 slots to use the precoding
matrix F[3], and 300 slots to use the precoding matrix F[4]. This is because if use of
the precoding matrices is biased, the reception quality of data is greatly influenced
by the precoding matrix that was used a greater number of times.

[0980]

When the modulation method is 16QAM, among the 750 slots described
above for transmitting the 6,000 bits constituting one encoded block, it is necessary
for 150 slots to use the precoding matrix F[0], 150 slots to use the precoding matrix
F[1], 150 slots to use the precoding matrix F[2], 150 slots to use the precoding
matrix F[3], and 150 slots to use the precoding matrix F[4].

[0981]

When the modulation method is 64QAM, among the 500 slots described
above for transmitting the 6,000 bits constituting one encoded block, it is necessary
for 100 slots to use the precoding matrix F[0], 100 slots to use the precoding matrix
F[1], 100 slots to use the precoding matrix F[2], 100 slots to use the precoding
matrix F[3], and 100 slots to use the precoding matrix F[4].

[0982]

As described above, in the method of regularly switching between
precoding matrices, if there are N different precoding matrices (represented as F[0],
F[1], F[2], ..., F[N - 2], and F[N - 1]), when transmitting all of the bits constituting
one encoded block, condition #53 should be satisfied, wherein K, is the number of
slots using the precoding matrix F[0], K, is the number of slots using the precoding
matrix F[1], K; is the number of slots using the precoding matrix F[i] (i=0, 1, 2, ...,
N - 1), and Ky . is the number of slots using the precoding matrix F[N - 1].

Condition #53
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Mode #10 1024QA M E 5 [0924] In Table 5, modes #1-#5 are the modes used for hierarchical
transmission, and modes #6-#10 are the modes when transmission is not hierarchical. In this case, the
method of switching between precoding matrices is set appropriately for each 10 mode. [0925]

Next, operations of the reception device when supporting hierarchical transmission are described. The
structure of the reception device in the present Embodiment may be the structure in Fig. 7 described in
Embodimer€sl=IKihis. casdithe stritfnre, dfethié sigKal (oo st sifly wiiereld, bf Fif, 7,2, shown in Fig.
66. 5[0926] In Fig. 66, 6601X is a channel estimation signal corresponding to the channel
estimation s'i&ngrﬁ@@g Pih Fig. 7. 6602X is a channel estimation signal corresponding to the channel
estimation signal 706_2 in Fig. 7. 6603X is a baseband signal corresponding to the baseband signal
704_Xin Fig. 7. 6604 is a signal 10 regarding information on the transmission method indicated by the
transmissio[pgdggjce and corresponds to the signal 710 regarding information on the transmission
method indicated by the transmission device. [0927] 6601Y is a channel estimation signal
corresponding to thf ¢hausasinmisnsiinasisyisttgmauppertsia plyralitget2maddaitemnmdtbstmmation
signal corresponding to the channel estimation %ggf;g%%%]{gdzﬁo% %%)gr?{g Isfhae bs%spelj%?{l% signal

correspondfilj't BRIy SRgHAC 3haY T, €

modulation methods, then a modulation method for which Condition #53 is satisfied

should be selected.
[0984]

10 When a plurality of modulation methods are supported, it is typical for the
number of bits that can be transmitted in one symbol to vary from modulation
method to modulation method (although it is also possible for the number of bits to
be the same), and therefore some modulation methods may not be capable of
satisfying Condition #53. In such a case, instead of Condition #53, the following

15  condition should be satisfied.

[0985]
Condition #54
The difference between K, and Ky, is 0 or 1, i.e. |K, - Kp| is 0 or 1 (for Va, Vb, where
a,b,=0,1,2,...,N-1 and a#b).
20

Fig. 77 shows a modification of the number of symbols and of slots
necessary for one encoded block when using block coding. Fig. 77 “shows a
modification of the number of symbols and of slots necessary for one encoded block
when using block coding” for the case when, for example as shown in the

25  transmission device in Fig. 3 and in Fig. 13, two streams are transmitted, i.e. s1 and
s2, and the transmission device has two encoders. (In this case, the transmission
method may be either single carrier transmission, or multicarrier transmission such

as OFDM.)

244



A signal sorting unit (6605) receives the channel estimation signals (6601X, 20 6602X, 6601Y, 6602Y),
the baseband signals (6603X, 6603Y), and the signal regarding information on the transmission
method indicated by the transmission device (6604) as input, and based on the signal regarding
information on the transmission method indicated by the transmission device (6604), sorts the input
into signals related to the base stream (base layer) and information of the enhancement 25 stream
(enhancement layefs shiputtitigrdpanhcihestiimziriro§igiiaironstithe ngheseshloaknti@bbss1nee607 1, 6609

1, and 6610 1), b jgnals for. the b t 6608 1, 6611 1), ch | estimati ignals f
e onhancE oA TUA bG8 B0 Sece0 10 S A HAEeAMPL Dl e
h _ 6816 B psRar S i e

(0612 1 o BB B T e e A e e N rmaion

signals for theddatsirerm 869860 AR 7ahd860801waed the ot latsabasnt sioR@adu e base

stream (6608 1, 6611 1), and the signal regarding information on the transmission method indicated by
the trafrsmife@i®Hevice (6604) as input, estimates the modulation method and the method of switching
between precoding_matrices 10 used for the base str$am base layer) from the s\ignal regarding

information on the tlsMEEIBISHRn 8IS cBteld By tha'trihsrifsston GdEY Fs809) SHEGBRsed on the
dulati h - itchi ing, lqp;likelihood
modufation mm&g@%%%ﬂb‘am : ﬂg\mgg@ﬂg[sd%or?@ggggjﬁff&m GRGHRI S d0G 1gpslikelihoo

ratio for each bit, an puts a log-lik ratio signa Note that the detection and

log-likelihoaghratisiteedcilationiniteahe_Addaeentiyne netenion andatierosiet el Ryexrsing and
outputs a log-likelihood ratio signal even for modes #6-#10 for which no enhancement stream

(enhancemBne |£pepdediSorky ke BalSoBURA tetektritl aswl WiihiRethtosamatiteidllafion unit

R S R R S e

baseband si ; h ensRkSie : i I ing,jpformation
on the tran?%sgs}ﬁd{r?ér%tgigg’i%gﬁated E%ﬁ?ﬁf?ﬁ%ﬁ%ﬁ%@ﬁé%ggx @sﬁﬂﬁuﬁﬁ%iﬁnﬂ%ﬁg the
modulation se&she @ esrdiddenBizikgethod of switching between precoding matrices used for the

enhancement stream (enhancement layer) from the signal regarding information on the transmission
method indi§¥&4 by the transmission device (6604), and based on the modulation method and the

cutputs 2 g TGN SHE (B B3 e R AU B S OB 10 for

whichygo enbangement streaTh RPN SMADHRY D Rk TA8'8 R ocks, and when

the modulation method is 64QAM, 1,000 slots are necessary to transmit all of the
bits constituting two blocks.
[0988]
The following describes the relationship between the slots defined above
20  and the precoding matrices in the method of regularly switching between precoding
matrices. Here, the number of precoding matrices prepared for the method of
regularly switching between precoding matrices is set to five. In other words, five
different precoding matrices are prepared for the weighting unit in the transmission
device in Fig. 3 or in Fig. 13. These five different precoding matrices are represented
25 as F[0], F[1], F[2], F[3], and F[4].
[0989]
When the modulation method is QPSK, among the 3,000 slots described

above for transmitting the 6,000 x 2 bits constituting two encoded blocks, it is
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5In the transmission device described with reference to Figs. 61 and 62, only the method of
hierarchical transmission has been described, but in practice, in addition to information on the method
for hierarchical transmission, it is also necessary to transmit, to the reception device, information
regarding the transmission method for hierarchical transmission (the modulation method, the 10
transmission method, and information on precoding matrices used when adopting a transmission
method thanesgssaiyy taitchesshaavisenissrdbedprgaeding:avptthe Efdr 600eskith todipg thethod (type

of coding, coding rate), and the like, Furthermore, in the reception device, pilgt symbols, reference
symbols, armeﬁ@éﬂ%fggtf& Elf rﬁ-.qc& att?oHS@eEBﬁTH%HCEE%EﬁHHﬁoﬁ;fn R SltRRIYSfrequency

omivali ¢ eatimad i . _ i
= separat B e B S o
Embodimenjefaisandfsudesefitentpesabaitignanisid@932biased, Andeistepaanejufiof) dereives the

log-likelihood ratio signal (6613 _I) 20as input, reorders the signal, and outputs a deinterleaved
log-likefihodiiaatly isignen¢es by the oesatling mashhikaay Vasiohek A gaceie(6BMabRy pfdeness the
Iog-IikeIihogﬁ@iﬁ signal (6613 _2) as input, reorders the signal, and outputs a deinterleaved
log-likeliho tio signal (6615_2). [0934] A decoder (6616 _i) receives the deinterleaved

log-likelihood ratio s)ltg[réﬁ\g%‘%g]ﬁsﬁg .ﬁfﬁiﬁiﬁp chEE E’rrﬁ)rggoﬁg%gg%fquqwslgy%ggﬁgﬁ% received

information (6617 _i , a decoder (6616_2) receives the deinterleave kelihood

ratio signal (e&cthliry asmtrUL[PEId0sbesIe60D taTesctivrsiresiigahapicotintsrpesiveginiormation
(6617 2). [0936] ~ When a transmission mode exists, as in Table 5, the following methods are
10possible.0pxitee@rivaesirElsd disirghthe, precadingnitedibn @it aeans Al imeariagsiotegarding

the precoding. matrices used in the m d of switching between precoding. matrices. The detection
e 0 e BBTE EEB B 188 5 Ut Bty A AT ST ST AT W ocle the
dina. : . . — . . h
iormation EiLSb e B ooy S Eh o LR ARl SRR, 1o T SR o
Based on Tinelepredbdinigcapiinr dguiceralithaigtitheqoraindiatvadligeasisgdhe thecodthgd of

switching between precoding matrices and decodes the precoding. 20[0937] As described above,
in the case @RHiddishouaneeaiysisld) igiag the slvdwsintethe @sespevigchIakisdtlvdshpistoding
e A S fies e SIBE ety e Bl g MiadfixEfa should oceur 600 times,
15  and the slot using the precoding matrix F[4] should occur 600 times.
[0991]
Similarly, when the modulation method is 16QAM, among the 1,500 slots
described above for transmitting the 6,000 x 2 bits constituting two encoded blocks,
it is necessary for 300 slots to use the precoding matrix F[0], 300 slots to use the
20  precoding matrix F[1], 300 slots to use the precoding matrix F[2], 300 slots to use
the precoding matrix F[3], and 300 slots to use the precoding matrix F[4].
[0992]
To transmit the first encoded block, it is necessary for the slot using the
precoding matrix F[0] to occur 300 times, the slot using the precoding matrix F[1] to
25  occur 300 times, the slot using the precoding matrix F[2] to occur 300 times, the slot
using the precoding matrix F[3] to occur 300 times, and the slot using the precoding

matrix F[4] to occur 300 times. To transmit the second encoded block, the slot using

the precoding matrix F[0] should occur 300 times, the slot using the precoding
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[0938] 25The present embodiment has described examples of four-slot and eight-slot periods (cycles)
in the method of regularly switching between precoding matrices, but the periods (cycles) are not
limited in this way. Accordingly, for a precoding hopping method with an N-slot period (cycle), N
different precoding matrices are necessary. In this case, F[0], F[1], F[2],F[N - 2] , F[N - 1] are prepared
as the N different precoding matrices. In the present embodiment, these have been described as being

arranged innaaé ixefolld b dloneany 3t toresr tierg; wging rie] wrReoding FIREHX f ) tshaaltlgement is
not limited in this way. With N different precoding 5 matrices F[0], F[1], F[2], F[N - 2] , F[N - 1]
generated iAGHE émﬁm’%@ﬁﬂém'ﬁ%&@dm%%é%ﬂt@mw lgisjhélf?é’é% B Hfrérqbiﬁé@mbols in
the time domajn.Qrdn the: ' i [ i :Nate that a precoding hopping
method witrgt.fxgr?r\{l%-sI';(l))tlt pl)%rfl{(?dﬂyf c%‘%@@%ﬁ?i@ggmg mgé@%éntageous effects may be

obtained by[ogadpmly using N different precoding 10 matrices. In other words, the N different
precoding matrices do not necessarily need to be used in a regular period (cycle). [0939] In Table

5, as ah example ofSivhidar yangharsshenmodolatienanagiized, is e A avongbide thadfbeledine modes,
a hierarchical transmission method is.not used 15 in the method of regularly switching between
orocoding HEHCLE BUON PSRRI A AL e A L RS ATRHORES  spatia
multiplexing 3 ten, i | ingmatriaes ghed|i -time block
coding methtc’)\g %%%yﬁeﬁgreggngﬁﬁﬁﬂ%mﬂﬁgﬁﬁ?g@ rﬁ%ﬂéxistﬁsﬁépaafgtgﬂgi?%?nauigeqﬁ?erarchical
transmissioprecetiing desasoe jn 206 present esphndiprecsdang ikeriR0IZNI0essiot de\ise
(broadcast station, base station) may select the transmission method from among these modes. In this
case, in thetepatietad igprstimg M8 ene 288l atse BRIDesykserd ingvimbixpréébding matrices are
fixed, the S%ﬁg‘_‘jme block coding method, and the one-stream-only transmission mode, both
transr?'ngssio atis hierarchical and transmission that is not hierarchical may be 25 supported. Modes

that use other transmjs&' m?mdﬁ%nﬂ?@eﬁxﬁ&w?tq@ﬁ%&s@ﬁf‘gg&im@t %Bﬁyug)ﬁg Qlﬁeadapted to

Embodiment 15 so that the hierarchical transmission method that us e method of regularly

switching bepassiing ecaeing [0]atyicesurczodasedoethénstbeusiagent brabogigenttisxusgq to any of the
(sub)carriers in Embodiment 15. (Embodiment A2) In Embodiment Al, a method of achieving
hierarchicalogewisAfiadiorevithessiabtstts e iegaRtin G Witthn b (Bt @sausrded difmg smileiskd has been

doscried. (R8N0 g eB oL B okl h P AT AT A R SN EAGOIE0 W e

15  matrix F[4] to occur 200 times. To transmit the second encoded block, the slot using
the precoding matrix F[0] should occur 200 times, the slot using the precoding
matrix F[1] should occur 200 times, the slot using the precoding matrix F[2] should
occur 200 times, the slot using the precoding matrix F[3] should occur 200 times,
and the slot using the precoding matrix F[4] should occur 200 times.

20 [0995]

As described above, in the method of regularly switching between

precoding matrices, if there are N different precoding matrices (represented as F[0],
F[1], F[2], ..., F[N - 2], and F[N - 1]), when transmitting all of the bits constituting
two encoded blocks, Condition #55 should be satisfied, wherein K, is the number of

25  slots using the precoding matrix F[0], K; is the number of slots using the precoding
matrix F[1], K; is the number of slots using the precoding matrix F[i] (i=0, 1, 2, ...,
N - 1), and Ky . is the number of slots using the precoding matrix F[N - 1].

Condition #55
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10 performing the hierarchical transmission of the present embodiment. Constituent elements that are
the same as in Figs. 61 and 62 are labeled with the same reference signs. The difference between Fig.
67 and Fig. 61 is that the precoder 6108 | is not provided. The present embodiment differs from
Embodiment Al in that the base stream (layer) is not precoded. 15[0941] In Fig. 67, the mapper
(6105_1) receives the interleaved, encoded data (6104 _l) and the information signal regarding the
transmissioKnethpd (613 Kias inputperforenKamphittpastordingrnbeigprebetetningd moblulation
method based on the information signal regarding the transmission method (6111), and outputs a
20baseband Js'lélﬁgla@?@()) [0942] In Fig. 68, the reordering unit (6200 _I) receives the baseband
signal (6700), the precoded baseband signal (6110 1), and the information signal regarding the
transmission method (6111) as input, performs reordering based on the information 25signal regarding

the transmigyigun meikadtthiLal, hohe uipyits thateRIgienedibaselatdasigoek (E2hHilloh0P3E] The

reordering unit (6200_2) receives the precoded baseband signal (6110 2) and the information signal
regarding tiseardeHisalich adevrI g6 ) sthepuunesfarhiimeditemiecoaiwnoattbeR@bimation

(6201, 2) SBBHAe1 PLOMBSLAAES B X P BB LR e BeBnidud Sufth of Fig. 67
_2). 4[N Pig. S I of Fig. 67.
Th b [ 9 I t "B #X",

Wh?cﬁyrrgfe?b %(F)ﬂ '[1?1% Ié)ﬂﬁégrgg%l [lgrﬂeﬁﬁgg wgs@@rggﬁﬁ)%%éggﬁ % %%?g t%'g{f\lhrée rg?rauﬁ cﬁtﬁ r%ﬂdﬁiym bols in

the enhancgnmeahgtrRmofennaseessatddiay efhisas oo insial. 64. [0945]  Figs. 70A and 70B
show the method of reordering in the reordering unit (6200 i) and the reordering unit (6200_2) in Fig.

68. Symbol€endilian#Bdys. 64 and 69 are arranged in the frequency and time domain as shown in
Figs. 70A and 15 70B. In Figs. 70A and 70B, a."-" indicates that no s%gbol exists, Durin

transrissiolosybelsin the Kanme: (stblfeartier &nélat ThEsatY e e WAHEAitted St gu@same

frequency and Rt the e tlg?e from different antennas. Note that the arrangement of symbols in the
frequency and the time domains as shown in Figs. 70A and 70B is only an example. Symbols may be
arranged based on the method 20 described in Embodiment 1. [0946] When the base stream (base
layer) and the enhancement stream (enhancement layer) are transmitted, it is necessary for the
reception qW¥Nen dfansmiitingeabiagt the i coastitiding)the iseaondientoded tHapkheqadiisiion quality

Thercore, 42 RN BTIBbAISHE ke (I AR feafecoding matrix -
15  F[O] is used, K; , is the number of times the precoding matrix F[1] is used, K, is the
number of times the precoding matrix F[i] isused (i=0, 1, 2, ..., N - 1), and Ky_1,
is the number of times the precoding matrix F[N - 1] is used.
Condition #57
Koz =Kio= ... = Kjp = ... = Ky.12, 1.8. Ky = Ky, (for Va, Vb, where a, b, =0, 1, 2,
20 ...,N-1,anda#b).

[0996]
If the communications system supports a plurality of modulation methods,
and the modulation method that is used is selected from among the supported
25 modulation methods, and the selected modulation method preferably satisfies
Conditions #55, #56, and #57.
[0997]
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the reception quality of data is guaranteed by transmitting using only the modulated signal z] (i.e.
without transmitting the modulated signal z2). Conversely, when transmitting the enhancement
stream, hierarchical transmission is implemented by using a method of regularly switching between
precoding matrices, since improvement of transmission speed is prioritized. For example, it is possible
to use one of modes #1-#9 as in Table 6. 5[0947] Table 6 Mode Modulationmethodfor base stream
(layer) ModulationnWireidgop kinkidiycefrivatitietion (astbodyathesUPOASK e nmicabliey #2eQPSK
64QAM Mode #3 QPFE_ZS AM Mode #4 160QAM 16QAM .

number of bits that can be transmifted in ohe symbol to vary from modulation

method to modulation method (although it is also possible for the number of bits to

be the same), and therefore some modulation methods may not be capable of

5 satisfying Conditions #55, #56, and #57. In such a case, instead of Conditions #55,

#56, and #57, the following conditions should be satisfied.

[0998]

Condition #58

The difference between K, and Ky, is 0 or 1, i.e. |K, - Kp| is 0 or 1 (for Va, Vb, where

10 a,b,=0,1,2,...,N-1,anda#b).

Condition #59
The difference between K,; and Ky; is0or 1, i.e. |K,; — Kp4| 1S 0 or 1 (for Va, Vb,
wherea, b,=0,1,2,...,N-1 anda#b).

15
Condition #60
The difference between K, and Ky, is0or 1, i.e. |K,, — Kp,| is 0 or 1 (for Va, Vb,
wherea, b,=0,1,2,...,N-1 anda#b).

20 Associating encoded blocks with precoding matrices in this way eliminates
bias in the precoding matrices that are used for transmitting encoded blocks, thereby
achieving the advantageous effect of improving reception quality of data by the
reception device.

[0999]

25 It is of course preferable to eliminate bias between precoding matrices that
are used; it is also preferable, when N precoding matrices are stored in the
transmission device, to perform precoding using all N precoding matrices, and to

perform precoding using the N precoding matrices uniformly. In this context,
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Mode #5 16QAM 64QAM Mode #6 16QAM 256QAM Mode #7 64QAM 64QAM Mode #8 64QAM
256QAM Mode #9 256QAM 256QAM [0948] The characteristic feature of Table 6 is that the
modulation method for the 10 base stream (base layer) and the modulation method for the
enhancement stream (enhancement layer) may be set the same. This is because even if the
modulation method is the same, the transmission quality that can be guaranteed for the base stream
(base layer] amidotinelyaneiens soingifitsrenae catviregubeampdmion thembesrifaicwsene sifeam
(enhancemehnt Ialyerg differ, since different trané: ission 15 methods are ysed for the tw ﬂreams
jprec t the

(layers). [Oé 8 ding matrices I1s used and the minimum number of times one o
precoding matrices is used being at most one, as described above.
[1000]
5 Furthermore, while it is preferable to use all N precoding matrices, as long

as reception quality at the reception point at each location is as even as possible,
precoding may be performed without using all N of the stored precoding matrices,
but rather switching regularly between precoding matrices after removing a certain
number of precoding matrices. When removing precoding matrices, however, it is

10 necessary to do so evenly in order to guarantee reception quality at the reception
point at each location. Removing precoding matrices evenly means that if, for
example, eight precoding matrices F[0], F[1], F[2], F[3], F[4], F[5], F[6], F[7], and
F[8] are prepared, the precoding matrices F[0], F[2], F[4], and F[6] are used, or if
sixteen precoding matrices F[0], F[1], F[2], ..., F[14], and F[15] are prepared, the

15 precoding matrices F[0], F[4], F[8], and F[12] are used. If sixteen precoding
matrices F[O], F[1], F[2], ..., F[14], and F[15] are prepared, precoding matrices can
also be considered to be removed evenly if precoding matrices F[0], F[2], F[4], F[6],
F[8], F[10], F[12], and F[14] are used.

[1001]

20 In the present embodiment, in the method of regularly switching between
precoding matrices, N different precoding matrices are necessary for a precoding
hopping method with an N-slot period (cycle). In this case, F[0], F[1], F[2], ..., F[N
- 2] , F[N - 1] are prepared as the N different precoding matrices. These precoding
matrices may be arranged in the frequency domain in the order of F[0], F[1], F[2],

25 ..., F[N - 2], F[N - 1], but arrangement is not limited in this way. With N different
precoding matrices F[0], F[1], F[2], ..., F[N - 2] , F[N - 1] generated in the present
Embodiment, precoding weights may be changed by arranging symbols in the time

domain or in the frequency/time domains as in Embodiment 1. Note that a precoding
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The structure of a transmission device according to the present embodiment is shown in Figs. 7 and
66. The difference from the operations in Embodiment Al is that the detection and log-likelihood ratio
calculation unit (6612 _1) in Fig. 66 does not decode precoding. 5[0950] In the enhancement stream
(enhancement layer), a method of regularly switching between precoding matrices is used. As long as
information regarding the precoding method used by the transmission device is transmitted, the

reception deoRIRG MMt Breddditoy prsindd cield)blyaachesnndetsishatorbuititne. seme 10
transmission and reception devices share the. information in Table 6, anot method is for the
eamtion CEAESRRS R P PERB R PIGHTEE (Yot A A LB P Hcoment
layer) by acquit : F ) : : o . . o
reception dﬁ%k@%@%ﬁé@cm gé:%?l,%eme iog?ﬁbgm%h%ﬁ %@m$§:§%ﬁ%?ynhaV|n%wtﬁpel%gﬁection and
15 log-likelifwpel vigdw inalaetpiian peribah@pere)the signal processing method. Note that settable modes
have been described with reference to Table 6, but modes are not limited in this way. The present

embodimerlilfR] be similarly achieved using the modes for transmission methods described in

Embodiment 8 des for t ission methods, described in sub bodiments, 20[0951]
AS desciibed abov AR So o1 Shek RO RGN 2 i PR B0 ltching

As ove, A EASe SAHELTEh, e U A :
dice. 0083 S e BB e e M o

regularly svételieg raeti@e mpsasatisgninaiicaspasenigidimiieiiasadors ey priaseiddsnafodiment.
For a precoding hopping method with an N-slot period (cycle), N different precoding matrices are

necessary. IBguiRy yasw/iriu) g-e1wWeRT Aprecodingr[Ratridesrénaie sxist asdhie amerelssiorecoding
matrices. In the present embodiment, these hav[e&Ibeen de cribﬁd as being arra[rﬁ%ed in the frequency

Comathn (HE GFAGIoGPABTF LR PN SR IO 561Car A ARATISSHR IFRICR I way. with
Embodimeny rEba g o Cas Iy e aran e By o R R e o i e

frequency/timeviorspétsnasn whiohgsisoeding. INatiedéwbr Fiveoding §iepitigne libel vadiran N-slot
period (cycle) has been described, but the same advantageous effects may be obtained by randomly
using N différethogreldisd vt reseaoeoniky driaasMiseHR) tRoe diffdetiepraedeintpl oneihegssafo not

desaribed AERUTNY ROUEDRS R BRI T e b SRR R preGOR RS dfent, but
modesre BREABAHEY 45 (SSETBRSER FPSANIREN Lna Eoplsh Pl MO

system, a 15 MIMQO system in w ing matrices are a space-lime oding method,

a one-streapetQryntigesouERiananiass ieselévrdes for methods of regularly switching between
precoding matrices may exist separately from the hierarchical transmission method described in the

present emdoaipgdimenidie transmission device (broadcast station, base station) may select the

t iSSi thad f 0 th des. In thi LNt tial ltiplexing MIMO
Systom, the MIMO YT BRECG iy R RIBHEL ) PR MR LG metho,

the one-streamsai @ﬁ%@fﬁ@%ﬂ%@eﬁﬁ&mﬁef%ﬁ%ﬁe ?ﬁhﬁ‘ésaﬁf){fégéﬂ%l}’dﬁ’f’(&tﬁﬁi%ﬂ@etwee”

precoding matrices, both transmission that is hierarchical and transmission that is not hierarchical may

be supportedsydiedeadingtthe assliothintransmission methods may also exist. The present
embodiment may also be adapted to Embodiment 15 so that the hierarchical transmission method

described [1003]

Fig. 78 shows an example of the structure of a system that includes devices
implanting the transmission methods and reception methods described in the above
embodiments. The transmission method and reception method described in the

25 above embodiments are implemented in a digital broadcasting system 7800, as
shown in Fig. 78, that includes a broadcasting station 7801 and a variety of reception
devices such as a television 7811, a DVD recorder 7812, a Set Top Box (STB) 7813,

a computer 7820, an in-car television 7841, and a mobile phone 7830. Specifically,
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in the present Embodiment is used in any of the (sub)carriers in Embodiment 15. [0954] (Embodiment
A3) The present embodiment describes hierarchical transmission that differs from Embodiments Al
and A2. [0955] 5Figs. 71 and 72 show the structure of a transmission device when performing the
hierarchical transmission of the present embodiment. Constituent elements that are the same as in
Figs. 61 and 62 are labeled with the same reference signs. The difference between Figs. 71 and 61 is
that a spacéhtiraeoblisertbigieiation 7 89 prveisensime itiRexad datbotlinmemetiifides fdata, Bothodiment A2

in that 10space-time block coding is performed on the base stream (layer). [0956] The space-time
block code ioi?%ﬂ%rﬁf?s% Uple Hé'ﬁgfr%gﬁ@ﬁ@ﬁﬁ@]b%% é@%léﬂ RERPOE receives a

mapped ba | nformati ! arding the transmission method (6111)
SRR L 0 R A

as input, 15 p ing bas he information signal regarding the
transmissiof1otahod (6111), and outputs a space-time block coded baseband signal (7102_I)
(represented as z1(0) and a space-time block coded baseband signal (7102_2) (represented as z2(0).

[0957] 20While refefredanieniie 460spaxenpie HOEN0aSITE 16y ralb|T 848) aiateradetanraeock coded
are not limited to beinF? arran%ed in order in the tig1e domain. Sgace-time block coded symbols may be

d
arranged in'BF8RHAN tHE\HEGUBh & ABRRSREALMYRE, BROGES Ry b YorREPHAR g5 Wlity of
symbols 0 e SR AR A AGHIEIPIR STbS I Ba HEUerey JBmaie.ghddbepapke may be

arranged 25 appropriately (1.e. arranged using both the time a equency axes 58] In

Fig. 72, thedegitdeobingitiie 200 tiprecedv eatthespeiaytime Rlogitierdatkivasgbimnthsianal /102 1),
the precoded baseband signal (6110 1), and the 235 information signal regarding the transmission

method (614Mpadimpots pertsmedidaieldhiegigaskdesaiveasl ibiotmtotesiomalrdhis iy tHbe
transmission. method (6111), and outputs the reordered baseband signaj (6201 _i), [0959] 5Similarly,
the reNiaer g 622 10 BB o LR o Lo YRR GGRON A58, el AEERRRS basoband
signal (611 ' i ' i transmission method (6111) as input,
performs re(i)ro1r%(%enrzi:i;169(a t%de%@ggq m%%%t%%g%na rr‘gs‘g(]?arding the transmission method (6111), and

outputs the rgpsiered baseband signal (6201_2). 10[0960] Fig. 73 is an example of a structure of

symbols in space-time block coded baseband signals (7102 1, 7102_2) output by the space-time block
coder (7101) in Fig.The. Visleadatsolrgbiged 70 thecordbptaxed toatae hasabeetintodtdckibded

D e SRy A TR I P R R es o e
15  Experts Group (MPEG)2, MPEG4-Advanced Video Coding (AVC), VC-1, or the
like. The audio data included in the multiplexed data has been encoded with an
audio coding method compliant with a standard such as Dolby Audio Coding
(AC)-3, Dolby Digital Plus, Meridian Lossless Packing (MLP), Digital Theater
Systems (DTS), DTS-HD, Pulse Coding Modulation (PCM), or the like.
20 [1006]

Fig. 79 is a schematic view illustrating an exemplary structure of a reception
device 7900 for carrying out the reception methods described in the above
embodiments. As shown in Fig. 79, one example of the structure of the reception
device 7900 is to configure the modem unit as one LSI (or a chip set) and to

25  configure the coding unit as a separate LSI (or chip set). The reception device 7900
shown in Fig. 79 corresponds to a component that is included, for example, in the
television 7811, the DVD recorder 7812, the STB 7813, the computer 7820, the
in-car television 7841, the mobile phone 7830, or the like illustrated in Fig. 78. The
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[0961] The mapper (6105 _1i) in Fig. 71 represents signals as sl, s2, s3, s4, s5, s6, s7, s8, s9, s10,
sll, s12, ... in the order in which signals are output. The space-time 20 block coder (7101) in Fig. 71
then performs space-time block coding on sl and s2, yielding sl, s2, sl*, and -s2* (*: complex
conjugate), which are output as in Fig. 73. Similarly, space-time block coding is performed on the sets
(s3, s4), (s5, s6), (s7, s8), (s9, s10), (sib, s12), ..., and symbols are arranged as in Fig. 73. Note that
space-time IigerfKioodiRyieendONmitacl tdaheactieny dLriferd immbtoprasgn d8gifresianeyt; the

t embodi tn imilarl hieved using dif t -ti lock coding. [0962]
Fige, 74 a5 AP BELENEEL DB OF PR LR CRFEEHIOAAT A SN SHBRHUTEHRT (8980, 1 anc
Figs. 74A oA AR et . toBto_j and
Signal 7] n I s Ao A B e e B o bl i

the modulafegybesionpaorr/énsiba. tie dedepianddine dsedeiinitiedomeis. Bove@iiBogmieaten, symbols
in the same (sub)carrier and at the same time are transmitted at the same frequency and at the same

time frém dEferémplaneentess I tieecHamedotrtivfesmlré BX2riuis7abtaintng 4Be satheandpgasisime block
coded symbg]s are arranged in the frequency domain in order. 10[0963 Figs. 75A and 75B show
an exampleeg@m% ‘?ﬁ&ﬁéﬁ%ﬁ%&&@?ﬁ@rﬁ&ﬁéﬂﬂ%?%%ﬁﬁ@?&?_‘gdﬁ@?he reordering unit
(6200_2) inlpigy712. Fig. 75A is an example of arranging symbols in the modulated signal z] in the time
domain ana the frequency domain. Fig. 75B is an example of arranging symbols in the modulated 15

signal z2 in the timerdemaipeod deeitiedge0sycionesin sPeHININHADSITHSHAUNISYIUIPIS syt same
(sub)carrier and at the same time are transmitted at the same frequency and at the same time from

different anf¥AALESIMtherihdPAedis he dia it ot Fds7 986\ and 7 5BI¢ wispEpnadaitin®® biddecoded
symbols are arranged in the time.domain in order. 20[0964 Space-time block coded symbols can
s D BT R L BT L P AR O QARG UL e (b
layer) and t - ' it | - for th
oo a B o R o AT B chla T ity

of data in thi:esdngemeatsitgsiexéanbaree et iayen, ditkéo shpalauwippfdhepiasiriatdayers).
Therefore, as in the present embodiment, when transmitting the base stream, the reception quality of
data is guaranwieg piciushegesedbrgtmmshsidanddtipedes daeide@ diliplensdoridiCdafadrielpnwhen

rogutary SuREH G HER eI AL A L G B LTV E AR o IS R

a5 YRR S 2550058 B0 RS © eI 7
signal. The video display unit 7907, such as a display monitor, produces video
output according to the decoded video signal.

[1008]
For example, the user may operate the remote control 7950 to select a
20  channel (of a TV program or audio broadcast), so that information indicative of the
selected channel is transmitted to an operation input unit 7910. In response, the
reception device 7900 demodulates, from among signals received with the antenna
7960, a signal carried on the selected channel and applies error correction decoding,
so that reception data is extracted. At this time, the receiving device 7900 receives
25  control symbols included in a signal corresponding to the selected channel and
containing information indicating the transmission method (the transmission method,

modulation method, error correction method, and the like in the above

embodiments) of the signal (exactly as described in Embodiments A1-A4, and as
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enhancementstream (layer) Mode #1 QPSK 16QAM Mode #2 QPSK 64QAM Mode #3 QPSK
256QAM Mode #4 16QAM 16QAM Mode #5 16QAM 64QAM Mode #6 16QAM 256QAM Mode #7
64QAM 64QAM Mode #8

shown in Figs. 5 and 41). With this information, the reception device 7900 is
enabled to make appropriate settings for the receiving operations, demodulation
method, method of error correction decoding, and the like to duly receive data
included in data symbols transmitted from a broadcasting station (base station).
5 Although the above description is directed to an example in which the user selects a
channel using the remote control 7950, the same description applies to an example
in which the user selects a channel using a selection key provided on the reception
device 7900.
[1009]

10 With the above structure, the user can view a broadcast program that the
reception device 7900 receives by the reception methods described in the above
embodiments.

[1010]
The reception device 7900 according to this embodiment may additionally

15 include a recording unit (drive) 7908 for recording various data onto a recording
medium, such as a magnetic disk, optical disc, or a non-volatile semiconductor
memory. Examples of data to be recorded by the recording unit 7908 include data
contained in multiplexed data that is obtained as a result of demodulation and error
correction by the demodulation unit 7902, data equivalent to such data (for example,

20  data obtained by compressing the data), and data obtained by processing the moving
pictures and/or audio. (Note here that there may be a case where no error correction
decoding is applied to a signal obtained as a result of demodulation by the
demodulation unit 7902 and where the reception device 7900 conducts further signal
processing after error correction decoding. The same holds in the following

25  description where similar wording appears.) Note that the term “optical disc” used
herein refers to a recording medium, such as Digital Versatile Disc (DVD) or BD
(Blu-ray Disc), that is readable and writable with the use of a laser beam. Further,

the term “magnetic disk” used herein refers to a recording medium, such as a floppy
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64QAM 256QAM Mode #9 256QAM 256QAM [0967] 10The characteristic feature of Table 7 is that
the modulation method for the base stream (base layer) and the modulation method for the
enhancement stream (enhancement layer) may be set the same. This is because even if the
modulation method is the same, the transmission quality that can be guaranteed for the base stream
(base layer) and the transmission quality that can be guaranteed for the 15 enhancement stream
(enhancemeiskialyd) difgisiaseibdradfenent)randinidsidiskndiiabds svetablad ifyr thagnedizingaans (layers).
[0968] Note that moges #1-#9 jn Table 7 are modes for i}ier rchical transmission, but modes that
are not for MAHIH e AUPSRIFs U mBRHIET He psﬂﬁd. Hﬁ%’pﬁ&eﬂ?%bmﬂigﬂ@@%ingle
mode for SRAGRASRARIBFT AR Ntk SIRgle FRRGM IR RHIERIRRAEIHERB D Groding
matrices may exist as modes that are not for hierarchical transmission, and when supporting the

modes for HigiaetbitattragammissiascssT abenbrine deanpnlissiaf devitecuadhe reteptiotg)evice of the
present embodiment may easily set the mode to the single mode for space-time block coding or the

single Mod&pecikigeramaitohing bedlatides serBiealidyoteatmessono[0dede an $DraasdnisHag in the
enhancement stream (enhancement layer), a method of regularl itching between precoding
atices s TESH TSNS AATHa I R ROV DI I B R o BReBt nsion
device is t ) _ : : . . _ : | q iring this 15
|n?g:(;r?e:ioﬁﬁﬁggbterg%éserﬁfglgﬁ az%fﬁe%(\:émo c!ewcgsfm aggﬁiaeolﬁr%f(ﬁmatio%@gb?gérﬁgﬁémg? °

method is fanthgnieserieppde G ectoidififidhiRpesrsging ireped used for the enhancement stream
(enhancement layer) by acquiring mode information transmitted by the transmission device.

Accordinghf1®klleception device in Fig. 66 can acquire the log-likelihood ratio for each bit by having
the detection and 20 log-likelihood ratio calcujation unit change the signal processing method. Note
it Shible mories WAL BE i O SR et A B o oD BN SO Bra IR i i

“Th _ ) L : ) N thod
oo SRSt BOALEPUIBCRR ST URMAGIT FE LD Meties Yelise an emethos

embodimeniso¢s[@BaHimeAts, derthipes siftveidwiie 6Rseeofduieidseicahtirspiegiam using the
above methods of switching between precoding matrices achieves the effect of improving reception
quality of dessidieanytientiofaIdhRRBIOpBBAY.  The periods (cycles) of switching between precoding
matrices inﬁj ethod of regularly switching between precoding matrices are not limited as above in
the present diment. For a precoding hopping method with an N-slot period (cycle), 5 N different

o et R AL ERLFRL T e B TBAEA oo
arranged in7bgsfrespsedsyndaitiglisked data obtained as a result of demodulation and error
correction by the demodulation unit 7902. However, the recording unit 7908 may
record part of data extracted from the data contained in the multiplexed data. For
example, the multiplexed data obtained as a result of demodulation and error
20  correction by the demodulation unit 7902 may contain contents of data broadcast
service, in addition to video data and audio data. In this case, new multiplexed data
may be generated by multiplexing the video data and audio data, without the
contents of broadcast service, extracted from the multiplexed data demodulated by
the demodulation unit 7902, and the recording unit 7908 may record the newly
25 generated multiplexed data. Alternatively, new multiplexed data may be generated
by multiplexing either of the video data and audio data contained in the multiplexed

data obtained as a result of demodulation and error correction decoding by the

demodulation unit 7902, and the recording unit 7908 may record the newly
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in the order of F[0], F[1], F[2],F[N -2] , F[N - 1], but arrangement is not limited in this way. With N
different precoding matrices F[0O], F[1], F[2],F[N - 2], F[N 10 - 1] generated in the present Embodiment,
precoding weights may be changed by arranging symbols in the time domain or in the frequency/time
domains as in Embodiment 1. Note that a precoding hopping method with an N-slot period (cycle) has
been described, but the same advantageous effects may be obtained by randomly using N different
precoding rganecaiedimottiplexedditand he ditording udb ity My alsoge eiy ththmedriesisiof need to be

used in a regular perjod (cycle). [0972] Furthermore, Table 7 has been descrihed as listing modes for
ethods of T SHORCES SR P BB ARt ie TR HARIEEES B44B1 imiten 1 s way
As describﬁéri mbodiment 15, a spatial multiplexing MIMO system, a 20 MIMO system in which
precoding matrices are fixed, a space-time block coding method, a one-stream-only transmission

mode, and modes fphaediptiv eiddedarbosviiscbingdaiveRepIesHdRatMAL GRS MReXiFt separately
from the hierarchical transmission method described in the present embodiment, and the transmission

device gbroadelestisienichlassdesteiion)ah BV [easoralerir Bl rraysieeordeth bt recRBdem Gty these
des. In thi ,in th tia] multiplexing MIM tem, the MIMO system in which di
matrices arETIER O pRE ATt EKBlolk oG ELRERIANE ARCSUHLARhy AR ode, and

he modes inidnGhanRe'4e o RENP B RAGBGIIRRD AiBcaNTo DAL RLAHRESEYysHen that s

hierarchical and transmission that Is not hi Ical may be supporte ther

transmissiogemethgdsonanilsoexishay s nrsiscoiraroodonesti mpxraise (Rigshmesbtesarabodiment
15 so that the hierarchical transmission method described in the present Embodiment is used in any of

the (sub)catisedstinopaiBEdinedateVEsi B0 GICEaen odinsafingre userh prevent aistloslingctt
descripes, in detail, a method of r arly switching between precoding matrices when using block
coindtie SR AbACP LR AT i PR ERC BRI 16 b B uas: Cyclic
10 Low-Dengity Raihfiigrk JORAPREN SO a1 A DBEEREAIET HamAf ARG F0de) o
concatenated code consisting of an LDPC code and a Bose-Chaudhuri-Hocqueng ema(B H) code, or

the like. Thisopredtistimantidesbuss an sorwdre disransmitinthéweestisiins dslied pgodidwever, for
the case of coding using block codes, when control information and the like is not necessary, the 15
number of I5i89iai e e SBebldtital deUAsEIdAROIIRCh BHHIST IBRbitBec tRapRIEMY dRiei eRo CROEb EYthe control

plock corte AU REN LS TG HRRALER R R R o A )R Rt Mo o (e,

transmissio h%ﬂ?m%féh ?ﬁéh@é@ﬁ?&ﬁ BRGS0 ‘i@‘?rﬂb‘fé‘r%ﬁ@fdbits in an encoded block is the sum
of the number of bits
[1014]

Note that it may be the stream input/output unit 7903 that handles extraction
of data from the whole data contained in multiplexed data obtained as a result of
demodulation and error correction decoding by the demodulation unit 7902 and

20  multiplexing of the extracted data. More specifically, under instructions given from
a control unit not illustrated in the figures, such as a CPU, the stream input/output
unit 7903 demultiplexes video data, audio data, contents of data broadcast service
etc. from the multiplexed data demodulated by the demodulation unit 7902, extracts
specific pieces of data from the demultiplexed data, and multiplexes the extracted

25  data pieces to generate new multiplexed data. The data pieces to be extracted from
demultiplexed data may be determined by the user or determined in advance for the

respective types of recording mediums.

[1015]
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20 composing the block code and the number of bits in the control information or the like. [0974] Fig.
76 shows a modification of the number of symbols and of slots necessary for one encoded block when
using block coding. Fig. 76 "shows a 25 modification of the number of symbols and of slots necessary
for one encoded block when using block coding” for the case when, for example as shown in the
transmission device in Fig. 4, two streams, sl and s2, are transmitted, and the transmission device has
one encoder. (In thi¥/ifstetabovarssimaidronthegitespioaydeeiest7E0Ciisgeakl pddotexiiastiasidn, or

i such as OFDM.) As shown in Fig. 76, the number of bjts coa[stituting one

multicarrier transmission ,
block that HESHUE DA B PSS HIRCIO AN G L CBTUEEPRRGasL RARI T, AHRIFR I EEEGIHBO bits,

3,000 symbtgl [ %% iap method is QPSK, 1,500 when the modulation 5
method is 1 éA %eg\:‘c? 1% \gﬂvqw%énq&géﬂn‘%! u atElidn method is 64QAM. [0975] Since the

transmissiofidegjce in Fig. 4 simultaneously transmits two streams, 1,500 of the 3,000 symbols when
the modulation method is QPSK are allocated to sl, and 1,500 to s2. Therefore, 1,500 slots (the term
"slot" idused here) N0thpcakaysrdesesi plaeisniheiecosmsyrbaROG arepiitemintiplexed data 1,500

bols t itted in s2. [097 ing, when the modulati hod, js 16QAM,
720 siots Al HUBES f (el PEP AL A or PR EUBB AORR i the 15

dulati is: 64 | ' ' titt block.
o7 O A g g e ™
precoding maiticesiitighsenetias ofrroatatybswitaliigdehyeonpsecaeinaeyajiasd (G857 8]

Here, the number of precoding matrices prepared for the method of regularly switching between
precoding raaeadégishoiadival Mdrpataipoeptaiviediffeibat mdtotrngohtiaticebtataedrapated for the

e RS E R li Fn E RRARRAA Eos,
e S AR bt teiale e B g0 i se hRRcRB Rt Dok
F[1], 300 slgtedotviss toeertreastiginmalitel [@hta 06 Hias theugatahgZereedsiingite of the new
video data is smaller than the original video data. Here, the moving picture coding
method used to generate new video data may be of a different standard from that
15 used to generate the original video data. Alternatively, the same moving picture
coding method may be used but with different parameters. Similarly, the recording
unit 7908 may record new multiplexed data generated by multiplexing audio data
newly obtained by encoding the original audio data contained in the multiplexed
data obtained as a result of demodulation and error correction decoding by the
20  demodulation unit 7902. Here, the audio coding method to be employed may be
different from that used to encode the original audio data, such that the data size or
bit rate of the new audio data is smaller than the original audio data.
[1017]
The process of converting the original video or audio data contained in the
25 multiplexed data obtained as a result of demodulation and error correction decoding
by the demodulation unit 7902 into the video or audio data of a different data size or
bit rate is performed, for example, by the stream input/output unit 7903 and the

signal processing unit 7904. More specifically, under instructions given from the
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5 matrix F[3], and 300 slots to use the precoding matrix F[4]. This is because if use of the precoding
matrices is biased, the reception quality of data is greatly influenced by the precoding matrix that was
used a greater number of times. [0980] When the modulation method is 16QAM, among the 750 slots
described 10 above for transmitting the 6,000 bits constituting one encoded block, it is necessary for
150 slots to use the precoding matrix F[0], 150 slots to use the precoding matrix F[1], 150 slots to use
the precodiagniiatisaf[R)ch 56 tetCibuseethsqarsdogiiprintixiFR] %A3diesnKiptexesuddane

di trix F[4]. [0981] 15When th dulati thod is 64QAM the 500 slot
Gosorinod AR R b:HAR NG 6 DBCALRC SRR o & 6n O oBk AR atary for 100
lots t ; ' i F[O], ; h ' ' . 100 th
procoding OB 10D S to LS A LA e e Aol 06 e s Bt Brecocing

matrix F[4]. #3ie28Rtion Asidesonbemadorstincticnsgihed fbreauiadyravataning theteigaalprecoding
matrices, if there are N different precoding matrices (represented as F[0], F[1], F[2], F[N - 2], and F[N -

1]), whén trarsgesaing aindf thelditcenverttutthg ditmeidplexedivitceotaitioants aitisuldate satisfied,

e 8 e B e R e S e s L v

1), and KN 1 f ing.the. pr [ tr = 1. iti Ko===K, ==
QT . K0 o e e e e s P A icatons
system suppieiés anmiusaliio daroduirienimethermsagidéhefrontiatioontelhad ttherdstreash is selected
from among the supported modulation methods, then a modulation method for which Condition #53 is

satisfied shildtissigsieomt 7 AfSsauiiimexen Bpnsaly convritkiatidaomtetacie auslsugpierted, it is

typical for the number of bits that can be transmitted in one sympol to vary from. mgdulation method to
ot bton SRERE GO TUHIPIEAEo RRa e ToR e 6 S0TRL! BICT BB Eat ot dFBnereore

some mOdLHBHBHc‘E“ﬁ{Q%Wé?é’lW&ﬁ%ﬁ@%@%‘ﬁ%tﬁ@ﬁ%@%{ o oy b&lﬁﬁﬁidﬁé%ﬁ@(ﬁcﬁ Gglf’toi“Stead of

Condition #53, the following 15con be satisti 985] Condition #54 The difference
between Kdrandikhbis Qiveh, fionKihe bhteod anit. (far Adalitydn, whersizasbof Widbo Zdata bhdl, and a

) audio data to be obtained by encoding may be specified by a user or determined in
advance for the types of recording mediums.
15  [1018]

With the above arrangement, the reception device 7900 is enabled to record
video and audio data after converting the data to a size recordable on the recording
medium or to a size or bit rate that matches the read or write rate of the recording
unit 7908. This arrangement enables the recoding unit to duly record a program,

20  even if the size recordable on the recording medium is smaller than the data size of
the multiplexed data obtained as a result of demodulation and error correction
decoding by the demodulation unit 7902, or if the rate at which the recording unit
records or reads is lower than the bit rate of the multiplexed data. Consequently,
time-shift viewing of the recorded program by the user is possible anytime after the

25  broadcast.

[1019]
Furthermore, the reception device 7900 additionally includes a stream

output interface (IF) 7909 for transmitting multiplexed data demodulated by the
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20 Fig. 77 shows a modification of the number of symbols and of slots necessary for one encoded
block when using block coding. Fig. 77 "shows a modification of the number of symbols and of slots
necessary for one encoded block when using block coding” for the case when, for example as shown
in the 25 transmission device in Fig. 3 and in Fig. 13, two streams are transmitted, i.e. sl and s2, and
the transmission device has two encoders. (In this case, the transmission method may be either single
carrier transigiggtbhaderminiicabier waatsaxtasionl sievicasy @ROKANSport MedHowWR%B0Fi ar¢ the
number of bits constituting one block that has heen encoded via block codin(ﬁ IS :‘ft to 6,000. In order

to transmit BESMPEE 008 REEATBAY BithbIs 8RS rBY 88 WHEA S AYFHHGERIR HRYIFSs B sk, 1,500
shen the en g5 SRRV E"0 SARANER G OGRS PARAN Sosee

The transmission device g. 3 or in Fig. 13 transmits two streams simultaneously, and since two
encoders aradaiavided3d)fierent exeedsddeipeksirenitrnsanitigdne theltiydexugata Adgonidingly, when
the modulation method is QPSK, two encoded blocks are transmitted in s 1 and s2 within the same
intervah FoRrA@edanem|avithfitst Wietrss d asIauRUS igalil@mittethipds aQrmptiantekthd &nttEedslock is

transmitted in s2, and therefore, 3,000 slots are required to transmit the first and second encoded
plocks, (0GP GHFAP FeSRORRTY, SHB o R STRANEEE A AN, S0 AR e

necessary to @g@ﬁl]@ﬁ@fﬁﬂ&s F@@gt%@%pﬂﬁmﬁ&@?gdﬁ?% @@W%t%@ lgwf%gion method

is 64QAM, 1, ts are necessary to transmit a its €onstituting two 8] The

following desagritess th® akitictoskip DiBeenithresiiNe. definaecaboyep® aPd Y06 piggatiodenatrices in

the method of regularly switching between precoding matrices. Here, the number of precoding
matrices prépalieasl f6p thiaunitaibenotievite dhatsarsiits betilidgaxse cedinygi tnatiieasyissdno five. In

Govcd h P RN TRE AL BRI LG eI, B Yo BconiBh SERATF(0) Pl
F[2], F3], 10 h lati ' the.3, |
described Z@% lekltolrFIE trzggénit[%n\é%tk?gt é?gsigg%%gélso@o@%ﬁﬂ%s E@%E@é@@%o@é ?[1%51 §4qésnecessary

for 600 slotsdmutmibeipreeastinedmuimglidAt, WOO sleiedo dsartimiceeicrdistanu@idi Sl 6RO slots to
use the precoding matrix F[2], 600 slots to use the precoding matrix F[3], and 600 slots to use the

precoding r&fexEl4])Univelisabeteiiisle BusddbBk drevsting matieasnybirasiad tRekeption quality
of data is 5 greatly influenc the precodin rix that was used a greater number of times. [0990]
To transmit'%ﬁgﬁﬁlé‘?%%@@e B?ﬁ@l@qﬁér?{@g&%g@{?& me slot using the precoding matrix F[0] to occur
600 times, syt using the precoding matrix F[1] to occur 600 times, the slot using the precoding

matrix F[2] to occur 600 times, the slot 10 using the precoding matrix F[3] to occur 600 times, and the

slot using the precogity niiaéralbd4t taswactur60QHEMeserm cdrangsojt e secandeenglodrdibiock, the slot
using the precoding matrix F[0] should occur 600 times, the slot using the precoding matrix F[1] should
occur 600 titdéplexesislaigirrgehegriey daentpeantinn ey isaolfabusingse fieqestimesriboding the

di trix F houl 600, ti , 15 and th t using th dj trix F[4] should
precocing mat 48 shoulhocey 09 imes, 45, andihe S ag s mrereslo Ay By shov

the user mentioned herein includes use of the multiplexed data for real-time viewing
20  on an external device, recording of the multiplexed data by a recording unit included
in an external device, and transmission of the multiplexed data from an external
device to a yet another external device.
[1021]
In the above description of the reception device 7900, the stream output IF
25 7909 outputs multiplexed data obtained as a result of demodulation and error
correction decoding by the demodulation unit 7902. However, the reception device
7900 may output data extracted from data contained in the multiplexed data, rather

than the whole data contained in the multiplexed data. For example, the multiplexed
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Similarly, when the modulation method is 16QAM, among the 1,500 slots described above for
transmitting the 6,000 x 2 bits constituting two encoded blocks, it is necessary for 300 slots to use the
precoding matrix F[0], 300 slots to use the 20 precoding matrix F[1], 300 slots to use the precoding
matrix F[2], 300 slots to use the precoding matrix F[3], and 300 slots to use the precoding matrix F[4].
[0992] To transmit the first encoded block, it is necessary for the slot using the precoding matrix
F[0] to occutat@mtitaedtas sotassivigofhdginechdatigimaindx #[o] to@sedenr B0 dmeHYhtnslot using

mes. anc (ATRRH D HRL TOHRATRY FRTA-FAT 8 Ue AORGD BIRGAL P FAHG Rl HEASIahd encocied
block, the sty e pigrA At FIOL MY p6c 800 R Fabu i B aTpcodie

matrix F[1] sho times, the slot using the preco should occur 300 times,

the slot usinguttipleseepding neailix HEAkRetHyoesunipMkingesidanchtte slaidising kearceseding
matrix F[4] should occur 300 times. [0993] 5Similarly, when the modulation method is 64QAM, among
the 1,000 slsesithscimbdtiplbe dotaehigimads teesybool derpadudanatitamc§ oo errceeiéanblocks, it is

for 200 slots t th codi ix F[0], 200 slots t th di trix F[1],
200 ot (o BECLIND BRGNS 30 Sk 1 A S EBlAn o R 8 BHR 200 ot t
slots o GERHE e AR los
ot g 8 et et A e S Ee R  eE

occur 200 tiggs thessieiusingdhriaresodingdriattberia]kprocyr 240 tonemdbasprasiiopthe
precoding matrix F[3] to occur 200 times, and the slot using the precoding 15 matrix F[4] to occur 200

times. To tre@eulal Geana ¢Eacockambioaklesns klathysing deampeedaiemng MbrBOR[0] should occur
200 times,iﬁﬁé?t using the precoding matrix F[1] should occur 200 times, the slot using the
preco&lﬂﬁg F[2] should occur 200 times, the slot using the precoding matrix F[3] should occur

200 imes, and the it 15 7B A NS RESUD e 209l on A

described above, in the me reg y switc etween precoding matri there are N

different pregoghng freairides Weoke sriiesbas i, in[Thuliglekét d&h abehirldd -a3]h véaeh sansmitting
all of the bits constituting two encoded blocks, Condition #55 should be satisfied, wherein Ko is the

number of ZESOGUIGH thedpRstYdRY IeRitAR FEIOENE the thensissrasidpiterusint tFR0gréddding matrix
F[1], K, is th ber of slots using th i trix. F[{] (i=0, 1,.2, ..., N - 1), and KN 1 is th
o of SRR SRl P (OTE SREGHION A4 4 tioRon 466 TR = o

for Vag Vb, =0 - . it ' juting th
(for Vag SEFofuRithOt ffstratel! hn]tqgrﬁg@r@_, ﬁ%%&@&%ﬁﬁrﬁﬂgﬁgw rﬁﬁgﬁgﬁ?ﬁ#“ Ing the

first encoded block, Condition #56 5 shou satisfied, wherein KO,1 is es the
precoding ressrixrEd] idpegoutsdt uisitTeoB ouven iaiplisnes tigepreasndiagdioaded FEbhigntseast, Ko is the

number of times the precoding matrix F[i]isused (i=0, 1, 2, ..., N - 1), and KN 1,1 is the number of
times the pssadipi®adaask PPWVICE istgsetroTorbRriomukm EarR®, datq1 demedylatadN by i the. Kai - Kb,i
(forva, Vb’d’e‘:’rrr]]%r uiﬂj}:itlk%)’n:u(r)ﬁt17$0£l éx%r’a%?sdsge%)lﬁc pieces of data from the demultiplexed data,
and multiplexes the extracted data pieces to generate new multiplexed data. The data
20  pieces to be extracted from demultiplexed data may be determined by the user or
determined in advance for the respective types of the stream output IF 7909.
[1023]
With the above structure, the reception device 7900 is enabled to extract and
output only data necessary for an external device, which is effective to reduce the
25  bandwidth used to output the multiplexed data.
[1024]

In the above description, the stream output IF 7909 outputs multiplexed data

obtained as a result of demodulation and error correction decoding by the
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When transmitting all of the bits constituting the second encoded block, Condition #57 should be
satisfied, wherein K0,2 is the number of times the precoding matrix 15 F[0] is used, K1,2 is the
number of times the precoding matrix F[1] is used, K1,2 is the number of times the precoding matrix
Flilisused (i=0, 1, 2, ..., N- 1), and KN 1,2 is the number of times the precoding matrix F[N - 1] is
used. Condition #57 K0,2 = K1,2 ====KN 1,2, i.e. Ka,2 = Kb,2 (for Va, Vb, where a, b, =0, 1, 2, 20...,
N - 1, and algmgdatrgion unitti@@dniaincitishg, Jyeverviesuppo st eaplusslipyol md8lttioaymethods,

and the modulation methqd that is used is selected from among the supported 25 mqdulation
thods, AT et U SR e SR GUER YL Gt I e WD LY 57
[0997] ity i : it is typical § f bit
tnat can be e B B B e L A athoug

itis also pogsibledpatheoaumatien ahbitsrisr erfiretrantRLoaethgrefe t seme atiodulatioroozethods may
not be capable of 5satisfying Conditions #55, #56, and #57. In such a case, instead of Conditions #55,

#56, ardd #5ihaeoNdYeEn g aeraiaaerisHouith feraavisiiegiqoge 8pdingdnieshatbdiffemand tividrence

bet K dKhis O ,i.e. IKa-Kblis 0 or 1 (f b, wh 10a,b,=0,1,2,...,.,N-1, and
o Conc o WSS SRR e UG OE atn REMElghs SRR 8 e BT Eor via v,

uher iy MahoPtt DR EAUAD AP gl e aags 02

encoded blogksadthsetbeodjogeraaiiieas Vidbis tdy #IEPIDates a different standard from that

used to generate the original video data. Alternatively, the same moving picture

10  coding method may be used but with different parameters. Similarly, the stream

output IF 7909 may output new multiplexed data generated by multiplexing audio

data newly obtained by encoding the original audio data contained in the

multiplexed data obtained as a result of demodulation and error correction decoding

by the demodulation unit 7902. The new audio data is encoded with an audio coding

15 method different from that used to encode the original audio data, such that the data
size or bit rate of the new audio data is smaller than the original audio data.

[1025]

The process of converting the original video or audio data contained in the

multiplexed data obtained as a result of demodulation and error correction decoding

20 Dby the demodulation unit 7902 into the video or audio data of a different data size of

bit rate is performed, for example, by the stream input/output unit 7903 and the

signal processing unit 7904. More specifically, under instructions given from the

control unit, the stream input/output unit 7903 demultiplexes video data, audio data,

contents of data broadcast service etc. from the multiplexed data obtained as a result

25 of demodulation and error correction decoding by the demodulation unit 7902.

Under instructions given from the control unit, the signal processing unit 7904

converts the demultiplexed video data and audio data respectively using a motion

picture coding method and an audio coding method each different from the method
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bias in the precoding matrices that are used for transmitting encoded blocks, thereby achieving the
advantageous effect of improving reception quality of data by the reception device. [0999] 25It is of
course preferable to eliminate bias between precoding matrices that are used; it is also preferable,
when N precoding matrices are stored in the transmission device, to perform precoding using all N
precoding matrices, and to perform precoding using the N precoding matrices uniformly. In this
context, "utifdrimiag’ ueddrintdhi ealiffersinoeabptieddn wiiatmiihe videmaiistaddiontetotindethe

precoding matrices is used and the minimum n%mber of times one of the ?recodin matrices is used

being at mdSEBHEN ALy KGR el ABoae [ 1B B FURHerNEreSURAM: it1BYFRHIPALIIALEA N
g . . it o . ot o M
Posaile. priELEs (a0 A e e e R e R e

switching reguleiplekeiwesn. presrdingimaiosgraftepresesyiing armer@onunmlepefforacaning
matrices. When removing precoding matrices, however, it is 10 necessary to do so evenly in order to

guarantee redaysisioliitaethes reetpwdripividepeaiclaudiatiitia Reeaoding prdestinefianstrices
evenly means that if, for example, eight precoding matrices E[0], F[1], F[2], F[3],.F[4], F[5], F[6], F[7],
poarferitiae v R Gt et b e e e A A
precoding [ , . r ' ices F[0],
Fral, P81, ) e e B3 e R e
prepared, priecegieg dnéisceaanatpatie qaosidered to be removed evenly if precoding matrices F[O],

F[2], F[4], F[6], F[8], F[10], F[12], and F[14] are used. [1001] 20In the present embodiment, in the
method of rEdglaally switching between precoding matrices, N different precoding matrices are

f ding hoppi thod with an N-slot periad (¢ycle). In thi , F[0], F[1], F[2],
E‘Fﬁ?ﬁ%&ﬁiﬁ’ﬁc g'n';ﬁ%ﬁ%@%@%@wﬁﬁma&fg@}%nS%@ﬁg? h[gé‘gnéﬁg% 47 ibhces may
e arrange . B
arrangergeg/t??ggr:gﬁ E?ng}#eﬁcp ﬁlyat IS&?&@#W@@@%&@%}i%%{%%ﬁﬁe@% O?{ 1 TIQT}Z"ﬁgtIN -2], FIN

- 1] generategeinhéiRdeiesRatretopaeiMeVicergoodingdveigbigenay devibangrid byranggéng symbols
in the time domain or in the frequency/time domains as in Embodiment 1. Note that a precoding
hopping metRBidegithaievesidtpelittlexseidythabisdeethssermestt plidgmoskiad eriaadtagebus effects

be obtained b domly ysing N diff t di trices. In.othe t diff t
pretoding tRENRAC RO NEG e ROSHEN GBH 1908 Soiab ot Baa b
Furth ' [ i [ [plexd | t tem i
hichTeeag hatioa e Ty A derioe ek Lo Teo o a g soag e =/

transmissiomuagiexaddiacedearfapmelhiss oftregslaslyhavaiehingl kitviee rCoreeqdirglyatiices may
exist, and the transmission 10 device (broadcast station, base station) may select the transmission

method fromsahtand/sedbe revaas!lfiptexedets M taroSRItROMUMINRBIAY BN system, the MIMO
system in \Aﬂﬁ%ﬁrecoding matrices are fixed, the space-time block coding method, the
one-stream ransmission mode, and the modes for methods of regularly switching between

precoding matrices (il i BFETS@ IR ERBIESRCINHIE 7900 also includes an audio and visual
20  output interface (hereinafter, AV output IF) 7911 that outputs video and audio
signals decoded by the signal processing unit 7904 to an external device via an

external transport medium. In one example, the AV output IF 7911 may be a

wireless communication device that transmits modulated video and audio signals via

a wireless medium to an external device, using a wireless communication method

25 compliant with wireless communication standards, such as Wi-Fi (registered
trademark), which is a set of standards including IEEE 802.11a, IEEE 802.11b,

IEEE 802.11g, and IEEE 802.11n, WiGiG, Wireless HD, Bluetooth, ZigBee, or the

like. In another example, the stream output IF 7909 may be a wired communication
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15 present embodiment in the (sub)carriers for which a method of regularly switching between
precoding matrices is selected. (Embodiment B1) The following describes a structural example of
an application of the transmission methods and reception methods shown in the above embodiments
and 20a system using the application. [1003] Fig. 78 shows an example of the structure of a system
that includes devices implanting the transmission methods and reception methods described in the
above embdéiitentbatr ianeansmmsidii aissthddeanane cistionsigedi®d o ide sctibashiissien2Bngbove

embodiments are implemented in a digital broadcasting system 7800, as shown in Fig.. 78, that
includes a BT SRR AEOHIE AT SRR LA O 1o B0 L Y e SRR 7511, o

DVD recor ;A S : - AN.in=C [Sio , and a
mobile phoﬁ@@@é‘%@f&éﬁ@ %@@i@ﬁ’r@ g&%?@@ﬁ&@% %@5@% dzar?:?]sm which
video data, pti@igclatiag SBIPLhe, KO e muttipléixed]vsiagshsieansasgiontieeshedmiodtgiabove
embodiments over a predetermined broadcasting band. [1004] 5An antenna (for example, antennas
7810 ahd 7HA0)%0%may toecadrrratrgltitnn dennrstinigpeoviidel exriitulythed/ sisonadtedudithe
reception device, receives t%eHsignal transmitted from the broadcasting station 7801. Each reception
device obtatHATe M ARAIRYERI Wata by using the reception methods in the above embodiments to
demodulate[gtgggsrl:gnal received by the antenna. In this way, the 10 digital broadcasting system 7800
obtains the advantageous effects of the present invention described in the above embodiments. [1005]

The video data inclygif indhdovelipexededata Das hean gaeedonite aomavirgteirilra«sacing method
compliant with a standard such as Moving Picture 15 Experts Group (MPEG)2, MPEG4-Advanced

Video CoditigeaveD) antaudisr signiléedenadeclipyotior signgl paeceisiteumitiPléked data has been
encoded wih%fudio coding method compliant with a standard such as Dolby Audio Coding (AC)-3,
Dolbyllgigit f , Meridian Lossless Packing (MLP), Digital Theater Systems (DTS), DTS-HD, Pulse

R O 2 T e ki Yt NG e Lo
embodimeriispufts whiowWro I Fgr 7E&cengrgxampieofdper sfisrcture edrdiageesptgmtrol signals
indicative of user operations input to the operation input unit 7910, the reception
device 7900 performs various operations, such as switching the power ON or OFF,

15  switching the reception channel, switching the display of subtitle text ON or OFF,
switching the display of subtitle text to another language, changing the volume of
audio output of the audio output unit 7906, and changing the settings of channels
that can be received.

[1030]

20 Additionally, the reception device 7900 may have a function of displaying
the antenna level indicating the quality of the signal being received by the reception
device 7900. Note that the antenna level is an indicator of the reception quality
calculated based on, for example, the Received Signal Strength Indication, Received
Signal Strength Indicator (RSSI), received field strength, Carrier-to-noise power

25 ratio (C/N), Bit Error Rate (BER), packet error rate, frame error rate, and channel
state information of the signal received on the reception device 7900. In other words,
the antenna level is a signal indicating the level and quality of the received signal. In

this case, the demodulation unit 7902 also includes a reception quality measuring
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device 7900 is to configure the modem unit as one LSI (or a chip set) and to 25 configure the coding
unit as a separate LSI (or chip set). The reception device 7900 shown in Fig. 79 corresponds to a
component that is included, for example, in the television 7811, the DVD recorder 7812, the STB 7813,
the computer 7820, the in-car television 7841, the mobile phone 7830, or the like illustrated in Fig. 78.
The reception device 7900 includes a tuner 7901, for transforming a high-frequency signal received by
an antennaundbfointoeassuiih e reiepivedasig e dehasanieatibieu riucoag, ReSdieraeeivkgifigshultiplexed

data from the baseband signal obtained by frequency conversion. The reception methods described in
the above STBRHCHN Fhi R HERBI T BRI B R S HA SRR e

adV&mage%?r@%?b&%%?%d%eéEQF&HM&,%W&’@}SI@?G&@%@O%@@@W%WQEHE‘&HE&r{%%\]él The

reception device includes a’stream’inpu ut unit a sig rocessing unit 7904, an

audio output enitsT§, imaccativigemeligniay amit Q8ITy Toe tHe suearinBIgRItIA Und VR(ED
demultiplexes video and audio data from multiplexed data obtained by the demodulation unit 7902.

The signal ﬁi&d@sﬁh@ﬂﬁ@?%ﬂ mméédemitﬂ'@bialbmﬁa@dserdé@aa@anm éevnje@%igaig_naising an

cionar usind BB 2 ACEDBNY HENRSeFHE WG BERDUE e D6 SRS &
ker, ' ' h i Si he wi ispl it 7907,

cch 2 2 Qo R e e B ] For

example, thetgsefianay eperaiatthedemede cemérahfOshativselecttac2fikbamielrefizvdly, piiggram or
audio broadcast), so that information indicative of the selected channel is transmitted to an operation

input unit 78NENMAréyINBeYythe Weploted deligeanolnagenieiereriéndrfthAmmngivemaislteceived

ith th t 960 ignal ied on th ted ch | and i [ tion decoding,
So thaktecoT I nke S RBEE 1 IO 18 TR VRO VLT Elfol symbol

uded in 2 sianal . _ | o indicating th
ransission s B e L e e e e
like in the akeets goipalimpoisathighecsional exogixiag desesibeskinddnigpdinesdtuleddoand as

shown in Figs. 5 and 41). With this information, the reception device 7900 is enabled to make

appropriateegétiab e pthelisy ol Ficape sticas, deersdvestdiv rrpaGictrisingd e eeepiéonrection
decoding, and.the, like to dul ive data | ded in dat bols t jtted f broadcasti
dcaing, G e L e S e s T s
selectpsa channgldsing %ﬁfﬁ?ﬁ%l@%@lJﬁg%@mﬁl f%“?'fh_%p@g‘?ilf@fm Syasprle in which

the user selects a channel usihg a selection key on the reception device 7900.
s1, s2, .... When video data and audio data composing a program are transmitted

hierarchically, the reception device 7900 may also display the signal level (signal
indicating the level and quality of the received signal) for each hierarchical level.
[1031]

20 With the above structure, users are able to grasp the antenna level (signal
indicating the level and quality of the received signal) numerically or visually during
reception with the reception methods shown in the above embodiments.

[1032]
Although the reception device 7900 is described above as having the audio

25  output unit 7906, video display unit 7907, recording unit 7908, stream output IF
7909, and AV output IF 7911, it is not necessary for the reception device 7900 to
have all of these units. As long as the reception device 7900 is provided with at least

one of the units described above, the user is enabled to use multiplexed data
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[1009] 10With the above structure, the user can view a broadcast program that the reception device
7900 receives by the reception methods described in the above embodiments. [1010] The reception
device 7900 according to this embodiment may additionally 15 include a recording unit (drive) 7908 for
recording various data onto a recording medium, such as a magnetic disk, optical disc, or a
non-volatile semiconductor memory. Examples of data to be recorded by the recording unit 7908
include dat@iamathes iramiglgle>afd demothdeaiioobeaiidedrssra cenigrtisietnoetirgionyariieerror

correction by the demodulation unit 7902, data equivalent to such data (for example, 20 data obtained
oy compre PN Bl 08: of A& BBy Aho BBy SN NSTEHES TG o, (Note

here that thﬁf&%@%@?‘ &/ﬁﬁ%eag%&%ﬁg%nﬁlﬁggg%mngﬂﬁ%m'geodd&g signal obtained as a

result of de ere the reception device 7900 conducts
further signplpitpsiessih@adier error correction decoding. The same holds in the following 25
description where similar wording appears.) Note that the term "optical disc" used herein refers to a
recording medium, $0eh fdlongngl \eerdatriabist @esaiptoBDofB AN &y Dkt yhatligatgseliabie and

itable with t fal b . Further, the ts ! tic disk” d herein ref
Fecoring BHTIRISER 302 Hok 51k P RIEALN HAIL Rae S HAHOE 5 A AL able by
gﬁigiéﬂzg@p %egggga?ﬂ%i? 5[1,06% recor |ngq?nggjgﬂré@ﬁ%ﬁgg@?m%m%ﬂm\é&r@:gfc?rri]c random

access memithplemasddeseRERTIGiahelfmneatialubapapiiic cxampiesel/apnhelaide
semiconductor memory include an SD card using flash memory and a flash Solid State Drive (SSD). It

should be néataaiyuapisee it kiplexns spaifieanygratitef reyotiaing ansmiasioentof d@ tapiEmn are merely
les, and her ; f di di b ble, [1011] 10With th

L A A o e S oY

the recept'%Uéﬁlﬁ&é’&?%?%H?%fﬁﬁ@%%vgﬁ&ﬁﬂﬂgﬁﬁnﬁe APRiLRE-SHIK Viewmng b g fgcorded

broadcast program’is possible anytime e broadcast.
structure is employed.

[1033]
Fig. 80 is a view illustrating an exemplary multiplexed data structure. As
15 illustrated in Fig. 80, multiplexed data is obtained by multiplexing one or more
elementary streams, which are elements constituting a broadcast program (program
or an event which is part of a program) currently provided through respective
services. Examples of elementary streams include a video stream, audio stream,
presentation graphics (PG) stream, and interactive graphics (IG) stream. In the case
20  where a broadcast program carried by multiplexed data is a movie, the video streams
represent main video and sub video of the movie, the audio streams represent main
audio of the movie and sub audio to be mixed with the main audio, and the PG
stream represents subtitles of the movie. The term “main video” used herein refers to
video images normally presented on a screen, whereas “sub video” refers to video
25 images (for example, images of text explaining the outline of the movie) to be
presented in a small window inserted within the video images. The IG stream
represents an interactive display constituted by presenting GUI components on a

screen.
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[1012] 15In the above description of the reception device 7900, the recording unit 7908 records
multiplexed data obtained as a result of demodulation and error correction by the demodulation unit
7902. However, the recording unit 7908 may record part of data extracted from the data contained in
the multiplexed data For example, the multiplexed data obtained as a result of demodulation and error
20 correction by the demodulation unit 7902 may contain contents of data broadcast service, in
addition to Vid¥d Hata and audio data. In this case, new multiplexed data may be generated by

multiplexing the video data and audio data, without the contents of broagdcast service, extracted from
the muttiplexed dat Sl AT P B R B HRIBKECAeFo05. SRTIHE e Bihd e 106 may

record the i %x&)d rpati j %a -be generated
by muItiple%%g&giﬁe[?%ﬁgg%%&ywaﬁ% anc} i%tg% jﬁf@?r%%r@ﬁ%%ﬁ%%ﬁéxe gé@( Io ained as a
result of derngfiuiaiden andgsosCariecion teassigradyhh deradutatieschniudid3tr@acmthe recording
unit 7908 may record the newly generated multiplexed data. The recording unit 7908 may also record

the corftent8ssiangc Wittha chbicsentioeciof (0t ¥’ desdiidd BbRashiP thétraampesssigiath. [1013]
The reception device 7900 descriped in this empodjment may be included.in 5 a television, a recorder
(sich 2 DV Db B AR, P PAONB Rl ST PrSUBb S E IR & mobie

telephone. hy I e [ : ti
ortocton AL By e uok S5 o Fontant dArE or Can i et i in

correction decoding by the demo

software usieghtfeoperatentovitelsdsigmed gt aIfesrimsoiavese0sEsl’ peev@LRlistiosstr of 10
personal or confidential information. If such data is contained, the data is installed on the television or

recorder to adtiecstieansotdveuie-endics. tevehaniedatdtiorterreatingtiorss (sgigned soitvaae installed
in the receptign device 7900 is contained, such data is used to correct errors that the reception device
7900 mray I‘éi%@.ref'ﬂig%ﬁr‘gn e er]igur@%lf%)?e 'stable operation of the TV, recorder, or mobile 15
phone in WII' e reception device 7900 is implemented. [1014] Note that it may be the stream
input/output unit 7903 that handles extraction of data from the whole data contained in multiplexed

data obtained as a FguigDfislenohetaditn wed dlfostesirectiaresieepiénafbyoivetise megedatien unit 7902
and 20 multiplexing of the extracted data More specifically, under instructions given from a control unit

not illustrat&tréamseafigyorelidaxecainto orlintexedrdat® infist outiaustittaoD8 Iddneaitisiesess video

data, audio ata broadcast service etc. f the multiplexed demaodulated by the

ta, tents of )
U 21 o ok e e M S s o A e

the exEactefiy 4 TS packet sequence 8103, whereas an audio stream 8104 composed of a

plurality of audio frames is converted into a PES packet sequence 8105 and then into

a TS packet sequence 8106. Similarly, the PG stream 8111 is first converted into a

PES packet sequence 8112 and then into a TS packet sequence 8113, whereas the IG

stream 8114 is converted into a PES packet sequence 8115 and then into a TS packet

20  sequence 8116. The multiplexed data 8117 is obtained by multiplexing the TS
packet sequences (8103, 8106, 8113 and 8116) into one stream.

[1036]

Fig. 82 illustrates the details of how a video stream is divided into a

sequence of PES packets. In Fig. 82, the first tier shows a sequence of video frames

25 included in a video stream. The second tier shows a sequence of PES packets. As

indicated by arrows yy1, yy2, yy3, and yy4 shown in Fig. 82, a plurality of video

presentation units, namely | pictures, B pictures, and P pictures, of a video stream

are separately stored into the payloads of PES packets on a picture-by-picture basis.
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25 data pieces to generate new multiplexed data The data pieces to be extracted from demultiplexed
data may be determined by the user or determined in advance for the respective types of recording
mediums. [1015] With the above structure, the reception device 7900 is enabled to extract and
record only data necessary to view a recorded broadcast program, which is effective to reduce the size
of data to be recorded. [1016] 5In the above description, the recording unit 7908 records multiplexed
data obtain&dcis BEEsphasetidia® dulBEdn beaslerrandditechbd derssigingtbretha duiessatatioon unit

7902. Alternatively, however, the recording unit 7908 may record new multiplexed data generated by
multiplexing' Vil&o R BW ﬁ@%&ew‘gﬁ\%o—ﬁﬁ%ﬁ@'g g{lpa-'l-@dwﬁﬁfg‘go‘h%im?@%}'tﬁ%uItipIexed

data obtaing‘1 ﬁe@&qqr?ﬁ%oéldae%}?% e@@;@@g@ correction decoding by the demodulation unit

7902. Here, the moving picture coding employed may be different from that used to
encode the [@ogirial video data, so that the data size or bit rate of the new video data is smaller than
the original video data. Here, the moving picture coding method used to generate new video data may
be of adifferent stahttar83rouistiates st danvajepie mibIheaokefirtial brdevaddtal lxiwriively, the same

7608 may 1ELUHE RGP B BB N AR RL G LMD Sh LGt by
ding the aridi ) : - . - ¢
Sgcrfoéﬁ?atif ﬁﬁgrt?(ﬁ:‘rirg rH g%%ﬂ%%ﬁ%@@oﬁﬁgn 6@?% Eﬂ %%:ﬁ%’%ﬁ%%@; ?:I[Fegﬁewtrﬁdaa dio coding

method to besgpployes maydeel difietany fremdhaktsetie pEsp@adkatesaabaddidsiataarsuch that
the data size or bit rate of the new audio data is smaller than the original audio data. [1017] The

process of coviviediig peestarigihintoidee bbmitvaEaDtdiianekeis.the e eastipiba-Ba8 obtained as
a result of demodulation and error correction decoding by the demodulation unit 7902 into the video or
i A e v e B e T R R i
7903 and t i ir [ 4 ifi ' ti ' f trol

it such s T g e R Ieer Contonts

of data broadegsihsesvieeieforiiarivithesmnlinidyer Taie obiainedATS) rasdt AT deimtiduiedian and error
correction decoding by the demodulation unit 7902. Under instructions given from the control unit, the

signal 5 prodessfiag star imgouasstareplsttite Tde padkpldedbe ks tikes aha dacvseratAssbpatiively using
ti ict di th dij di thod h diff tf th hod that

Csed in the o CFEAHBIOR Fotobian ONEES APAU A SONEERT Sl UG FTrom the

contrglaunit g S n&’%(’ﬂt‘&@“%hﬂ%? i > DRIRAMY SORVRTERY Yifsataiamnd audio

data to 10 generate new multiplexed data. Note that the’signal processing unit 7904 may conduct the

conversion g;‘qej@ha‘apy b o éhseavidsfarey mu&im@gé@ daeprding to instructions given from the control
unit. In addition, the sizes of video data and audio data to be obtained by encoding may be specified

by a user of H&8Imined in advance for the types of recording mediums. 15[1018] With the above
arrangement, the receptian device 7 is enabled to record video and audio data after converting the
data to a size recofHéé)fﬁH%&Orﬁkf‘o%od??@aﬁi&éﬁlﬁﬁ%tﬂ%%r%% &Pﬁlﬂ ?ﬁﬁé'ﬁ%& r%‘i%e@ﬁg&ead or
write rate o | | I ' it ord a
program, Zé%é\%eﬁmn&%%?ﬁa abﬂzg lgnﬁ[ﬁﬂe%%?%rkggn%gﬁrﬁw @@rﬁﬁgg{r@n 'tJFlgesg (ﬂ%gssfiize of the
multiptexed ke oRrEMed REogrerUgl TapleqRIion antteProyeatiatiier fetoding (PUOr).

demodulation unit 7902, or if the rate at which the recording unit records or reads is lower than the bit

rate of the mbRiP@eindatdliglense iasatinditaesHit RHWiRGOPME resettdadigdytdfiplsxede user is
moluces o AU GhE FUHALe () 7obo'Tor Ganbier) lASSa AL LRty e
respective streams, such as video, audio and subtitles, contained in multiplexed data
and attribute information (frame rate, aspect ratio, and the like) of the streams
25 identified by the respective PIDs. In addition, the PMT includes various types of
descriptors relating to the multiplexed data. One of such descriptors may be copy
control information indicating whether or not copying of the multiplexed data is

permitted. The PCR includes information for synchronizing the Arrival Time Clock
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258 demodulation unit 7902 to an external device via a transport medium 7930. In one example, the
stream output IF 7909 may be a radio communication device that transmits multiplexed data via a
wireless medium (equivalent to the transport medium 7930) to an external device by modulating the
multiplexed data with in 5 accordance with a wireless communication method compliant with a wireless

communication standard such as Wi-Fi (registered trademark, a set of standards including IEEE
802.11a, |IE@H 802vutieh | sHire sope1ax)s afidNES: Fv8bhahel Ay stnGidneisée ks $15; )Bwbieivis, ZigBee,

or the like. The stream output IFE 7909 may also be a wired commmupication device that transmits
multiplexedtB&t& 18 é‘ﬁ'ﬁngﬁig;ignaf@rm?ﬁ éeqm%ﬁarﬁpﬁf&.iﬁatlr ns&E@rtmi %gsd?gH%Eally |
connected Hﬂﬁ&%ﬁ?@ﬁ@nﬁ%&ﬁihgp a%?ﬁ?@ﬁ%&’&ﬁ%?#&ﬁéﬂﬁ]&ﬂ%‘? platirg the, miinjexethgata using a
communication method compliant with wired communicatior” standards, such as Ethernet, Universal
Serial Bus (345 isewveé tiaresfemgtmunication (PLC), or High-Definition Multimedia Interface (HDMI).

15[1020] With the above structure, the user can use, on an external device, multiplexed data
received by[#i89¢ception device 7900 using the reception method described according to the above

embodiments. The usage of multiplexed data by the user mentioned herein includes use of the
il tatn foF JatS S DAL A Al AT ol R o Tt Al o8 e by
recording upi 4 I SHpFN i ql4%agp]?m' ' f i KO an
external de\?i"é/ﬁ%%q&g},‘gtrﬁt%er ext@%‘na\(d?e@cﬁg 1021 Ilmgpa o%%%%ﬁ%ﬁ%ﬁ%@%é&?btion
device 790@ghevatigant PWPUhHaddy, (RS ptpsie latintniexes wattsbieinddtas@ tisydse.

demodulation and error correction decoding by the demodulation unit 7902. However, the reception
device 790@nExatle deftadedasariptdirdntiaed cohtdie doNhtHe eamipromtbldrforaaéenhan the

whole data contained in the multiplexed data. For example, the multiplexed data obtained as a result
of oMl B HEE AR LRI L4 BIEREScT AT R 60 oy SR Gortents o
data broadggst iGe, it ' ' i t r put IF
7909 may gﬁ?plﬁ%%ﬁ%ﬁ&(@g%ﬁgh ﬁ%%ﬁﬁ%ﬁ%@%ﬁ p?é?(% n%évijé%ﬁgr% ;El? I0 %ﬁgt%celi)ﬁracted 5
from the muliipdexeit fdrinatioiai e ¢ adsoreaU hokteane cidetioptandiatieatal ectinregecegieg by the
demodulation unit 7902. In another example, the stream output IF 7909 may output multiplexed data
newly genef@estifyjnaalGpreriegséamepdecreanateyedifea acarsesponding stpsamaditxied heitiplexed

7602, 20110937 A EHHRIE L 0 e e GRS R o A ion of

data frgm t tal i ipl tal r f ign and error
correét?)on @%&mgﬁm%%ﬁgﬁ%ﬁ% m@%&%%%m%@@%%g L%ﬁ@%@ ﬁnﬁ]ore
specificalIy,th@dﬂmrm‘gmdidamgiven from 15 a control unit not illustrated in the figures, such as a
Central Processing Unit (CPU), the stream input/output unit 7903 demultiplexes video data, audio
data, contebt§4#]data broadcast service etc. from the multiplexed data demodulated by the

demodulation unit 7902, extracts specific pieces of daia from the demulti IexecL[d ta, nﬁqmultiplexes
the extracted data LR S JARS B hE A SR e oo SR OB 0 e AR tec from
demultiplexgd gy saey ermyj Gﬂimé;(l@@ HSEl iRFSsieliBing R in advance for the respective types
of the stream output IF 7909. [1023 With the above structure, the reception device 7900 is

enabled to xddt and output only data necessary for an external device, which is effective to reduce
the 25 bandwidth used to output the multiplexed data. [1024]

Fig. 85 is a view illustrating the structure of the multiplexed data
information file. As illustrated in Fig. 85, the multiplexed data information file is
management information of corresponding multiplexed data and is composed of
multiplexed data information, stream attribute information, and an entry map. Note

25 that multiplexed data information files and multiplexed data are in a one-to-one

relationship.

[1042]
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In the above description, the stream output IF 7909 outputs multiplexed data obtained as a result of
demodulation and error correction decoding by the 260 demodulation unit 7902. Alternatively,
however, the stream output IF 7909 may output new multiplexed data generated by multiplexing video
data newly yielded by encoding the original video data contained in the multiplexed data obtained as a
result of demodulation and error correction decoding by the demodulation unit 7902. 5 The new video
data is encoded witAaiiHsliatpgitidrtg c8airihenmauhivpl eltid reatafinfarmatiosds corspeseitahe original

video data, so that the data size or bit rate of the new video data is s[;naller than the_original video

data. Here, RSRLUAHy BIEAREEGHG Btn8 LRy RO ok AR BRI EITRS difterent

standard frgm %Q&H-@EFL tﬁa%‘ébfb‘?r?a{% _ ﬁé‘ﬂﬂﬂﬁtgﬂ'&&‘a data- AR i E%We?ﬂ%ﬁi@%"cwre 10
e use i

coding method may ut wit erent parameters. Similarly, the stream output 09 may

output new gecditeiexeHidats geseriated B maltiplexingorude dataineeoiasedibinencaring the
original audio data contained in the multiplexed data obtained as a result of demodulation and error

correction detceirkg Bptie exeaeddhisystain 7862 Thaahyhaskdstatatine &neeide thethiene audio
data, such that the data size or

coding 15 method different from that used to encode the original qudio

it rato of BP0 A 1o FhaNer DA, BAILPIESEAT e HRRESS Bionverting
the original yj i I J I i odulation
and error cﬂr%%%‘c@r% gg@oéﬂ%‘%g%nﬁrﬁ% éﬁ%ﬁ,@ﬂg@%ﬁ??@f%@%&g&ﬁ%&jﬁg d%@gn of a
different dafeagiea®tiitraseds perfasmeadedar@xarimoies Byutkigleiiegantaput/output unit 7903 and the
signal processing unit 7904. More specifically, under instructions given from the control unit, the

stream inpufl®4f]ut unit 7903 demultiplexes video data, audio data, contents of data broadcast service

tc. f th Itipl btained It 25 of d dulati d tign decodi
by theBemoduatioh it SIS R UCIBRES SRR o IO EARC S HEF bBcosaing.

unit 7904 Cmﬁﬁ%%ﬁ joclt '#ﬁ!%?ﬂikﬂi‘#% _a]gsan‘ ?ﬁ’&yé)ddfﬂaiir p%’timgéyﬁg'ségg]aam' picture

coding met o coding method each different from the met at was used In the

conversion gppriedtiorohtmiudes \ideesrnt adipdeatanthraetinstiortines eysrtiiamdieapantrol unit,
the stream input/output unit 7903 multiplexes the newly converted video data and audio data to

generate nd0cdeshiaxew imiaxaibdathatkasiclhfigee cisattidputat indoumalignpisricgisteies
[ f eith both af the vi di t ding to instructi iven, f th trol
it 1n 2GR, SERORURBP L St i oFUE B A ) oD R LBe specifiod
by thelgseg%g W%@@@’%E&ﬁ?r ﬁgﬁ@fg%s\{?%ég%ﬁyzﬁﬂnéﬁ YiRHb Igtrggg]g 'a[%’%zgﬂ#'éé}w ith the
ture, t able

above stru e reception device 7900 is € to output video and audio data after converting

the data to anpitarpiestbatanatahesvitedreinsden atathgtietiriieiceckplicatiatevieedi¥peesidran external
device. This arrangement ensures that even if multiplexed data obtained as a result of demodulation

and error coaeetiomalsditg eynnecss e Hiltiegosiraan 7w esHighwisiobindhvidul htpleigata 15

B T T L e L

on another gomMUpERIRN ARy AfRtion indicates the compression codec employed to compress
20  the audio stream, the number of channels included in the audio stream, the language
of the audio stream, the sampling frequency, and so on. These pieces of information

are used to initialize a decoder before playback by a player.

[1044]

In the present embodiment, from among the pieces of information included
25 in the multiplexed data, the stream type included in the PMT is used. In the case
where the multiplexed data is recorded on a recording medium, the video stream
attribute information included in the multiplexed data information file is used. More

specifically, the moving picture coding method and device described in any of the
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[1027] Furthermore, the reception device 7900 also includes an audio and visual 20 output interface
(hereinafter, AV output IF) 7911 that outputs video and audio signals decoded by the signal processing
unit 7904 to an external device via an external transport medium. In one example, the AV output IF
7911 may be a wireless communication device that transmits modulated video and audio signals via a
wireless medium to an external device, using a wireless communication method 25 compliant with
wireless coalfvdRatodinanisardy, bechodsfiad-Fo adstisodly el odeaaigiepichng afsatongtandards

including IEEE 802,114, IEEE 802.11b, IEEE 802.11g, and IEEE 802.11n, WiGiG, Wireless HD,
Bluetooth, ZigBBETIS, RCRIQT IRTRHBEHA L A5 St thé%"m'%% A8 MY (8 é’\/JfPSd

Comm””ica\t}%&e%ﬂge%ﬁﬁ‘aéﬁ{ﬁﬁlﬁ@“ﬁwfﬁ%ﬁ}@ﬁgo‘gqgos?’égiﬁlﬂdﬁ ange YR AT IRSIqp,ne

physically connected to the stream output an external device, using a communication

method conrligatingtihutnge oiivonddiicaigensratsirbysthaucio dind-tetinetcbtiiy Method @M, or the
like. In yet another example, the stream output 5 IF 7909 may be a terminal for connecting a cable to
output the \laeis@dasatiars! diyiambathrogiioith trsgbovesithaheeavideodipiageactaiediser is

e

nput it 734 ARARMICE e ARETRPrARBREI Barmh I riREF gt gL user operations

input to the operation input uni e reception device 7 orms various operations, such as
switching tiia gusyer ON or OFF, 15 switching the reception channel, switching the display of subtitle
text ON or OFF, switching the display of subtitle text to another language, changing the volume of
audio output of the igHiB7olltpstraias aPeRcrAntaBhsligbte eef satitifsaiitiohidhngluthitdemicBe received.

[1030] 20Additionally, t tion device 790 h functi f di ing th t level
incicatth ) OB ) G HASS A BRARH AARANSo B R PR B0 5014001 R e 2o
indicatitg the 41 PBAG ; ot ante
Sirengih I B R e o nose

power 25 rafigtip)NINBit Enar fRatetfGdtinty packet eisoptiate deqive STOY wWigegishdbaonglestate
information of the signal received on the reception device 7900. In other words, the antenna level is a

signal indic&ereptios kardra@C Hiustoatatki petigyél. siaalidactianrdcaist othstpehdedigafd®@nit 7902

2 RS, reeiATE HihoR, CORFTELT HEPo o abHETGRIEr 08, S R state
L _ . ) ) . evel (ic.
In Or"} 'OncWﬁ?@%@f&LﬁlHsgf%j%%ag]%cg]?o?e&%f@ib K'&Ea?\%i%&'ﬁ@ﬁé’&r@ﬁ_ npa level (i.e

signal indicating t nd qua e received signal) on the video 5 display unit 7907 in a
manner ideftifierpler, bfothexaspie] erastablishieie bl entetigetat sndiaaiinrg Wattevielsasitliatiabity of the

received signal) may be numerically displayed using a number that represents RSSI, received field

strength, CINPBIEEX! paiestce Mdidextéy/ aba iV \aivY)r&té0 3 Hariavidedaty effdhed it teanike
A e e o' Gpldy e e 0T atmartinoualy Wil e 808 G dpronucsg Hred el

the display area 8701 from the video and audio data or data provided by data

20  broadcasting. By operating a remote control (which may be a mobile phone or

keyboard) 8707, the user can make a selection on the images 8702 reproduced from

data provided by data broadcasting or the hypertext 8703 provided over the Internet

to change the operation of the video and audio output device 8700. For example, by

operating the remote control to make a selection on the hypertext 8703 provided

25  over the Internet, the user can change the WWW site currently displayed to another

site. Alternatively, by operating the remote control 8707 to make a selection on the

images 8702 reproduced from the video or audio data or data provided by the data

broadcasting, the user can transmit information indicating a selected channel (such
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10 strength, C/N, BER, packet error rate, frame error rate, channel state information or the like.
Furthermore, the reception device 7900 may display a plurality of antenna levels (signals indicating the
level and quality of the received signal) calculated for each of the plurality of streams sl, s2, ... received
and separated using the reception methods shown in the above embodiments, or one antenna level
(signal indicating 15the level and quality of the received signal) calculated from the plurality of streams
s 1, s2, .... Wherselriteddaraagaashuping thita @oadbeihepadnasiig dre respriatte Hidesfabically, the

tion device 7900 I isplay. the signal. |level (signal indicating the level and lity of th
econed sl IAP R RAAI00, TRORTISBIte e ot e cERTEOL A<l e to grasp
receive dratiiHradt . B ERGTE bseh'Hie e to gre:
cring rece R e A g DR e A e M R g e

reception deyieecti9flof slesgiklechphay@rsihaviiectoe sHameEl> AUtit uniie/ 206, nectgnidisplay unit
7907, recording unit 7908, stream output IF 7909, and AV output IF 7911, it is not necessary for the

receptibn déeidee7 88040 ecaiuesl| esiitiebsYmMRelIsAirIHgess ithe retgnadiorotesRndogo s Previded with
at least one of the ur\}lt; dchriaed above, the user is enaﬁled to L;%e multiplexed data obéai ed as a

result of deRFUTRSOPAARG 78 CURUBHRHh HERTRTRIP By AL YU J6 NT 98 PEHRE Feeption
device 790 i abipa vaglescribed ol ing on i
evice %%ﬁﬂ%ﬁ;@gg@ggcégdﬁég%%anﬁp E‘%%% FsaRQVAKIeSEY %quHBVWI qﬁlar ng on its

intended use. M tas llowing Is a detailed description of an exemp structure of

multiplexedapatas hheyiata g Ghfee ririoalhis addapioadeabtinossoan YRRt as paskstream
(TS), so therefore the following description is given by way of an example related to MPEG2-TS. It

should be renprapyiaippmeitiags Fondhe: veee viagtinperatiossudentedd abionipretbadianetradspiitted by the
t issi d tion 10 methods described i b bodi is not limited t

P EQD.TSEHR SR N RSSO Rl B T I A EEAEB R ST 02 SVET Hany other
data structyte,| 1033],Fi is a viewill ' Iti

ata struc Uc"r%id§n?(i’f@é°yﬁ8. 9.%5&%?&}{5392 tht?gﬂtuﬁg%‘g;%ﬁﬁ(@@?m&ﬁ% Hitiplexed dasa

structure. As 15 illustrated in Fig. 80, multiplexed data ained by multiplexing one or more

elementary gdsesiptionviichiracecel esnanisxanititininghichrordgest silegram ¢hapaemsaigathevent which
is part of a program) currently provided through respective services. Examples of elementary streams

include a vitRmoie-can lUBITO GtibaraaprdesrEntin aaphies (@) sxaapie dndvhiehadtd/esgraphics

(JO) st . In th 20 wh broadcast .carried b Itipl data i ie, th
Video stroaREHdbra S EL G o RECUD ViREY B MR, e MG SRLATCPeEIARU mein

audioqf th gwé/éeB%g_sub audio to be mixed with the main audio, and the PG stream represents
subtitles of the movie. The term "main video" used herein refers to video images normally presented
on a screerf104gYeas "sub video" refers to video 25 images (for example, images of text explaining the
outline of the movie) to be presented in a small window inserted within the video images. The IG

stream represents 3R att@itigiibeldoRe atshaticliecauibup dasdetiSd A UMy htpepriatebvia tereen.

1034 i
[ ] Internet. For example, a terminal connected to the Internet may be used to make

settings on the video and audio output device 8700 for pre-programmed recording
20  (storing). (The video and audio output device 8700 therefore would have the
recording unit 8308 as illustrated in Fig. 83.) In this case, before starting the
pre-programmed recording, the video and audio output device 8700 selects the
channel, so that the receiving device 8704 operates to obtain reception data by
demodulation and error correction decoding of a signal carried on the selected
25  channel. At this time, the reception device 8704 receives control symbols included
in a signal corresponding to the selected channel and containing information
indicating the transmission method (the transmission method, modulation method,

error correction method, and the like in the above embodiments) of the signal
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Each stream contained in multiplexed data is identified by an identifier called PID uniquely assigned to
the stream. For example, the video stream carrying main video images of a movie is assigned with
"Ox1011", each audio stream is 5 assigned with a different one of "Ox1100" to "Ox111F", each PG
stream is assigned with a different one of "0x1200" to "Ox121F", each IG stream is assigned with a
different one of "0x1400" to "Ox141F", each video stream carrying sub video images of the movie is
assigned wigxactiyfea nieseiédet Ox EBtOUioenis1 B1FA G avtdadgighewain &fighibSasiaio4d)be mixed
with the main audjq is assigned with a 10 different ane of "Ox1A00" tgg"OxlA F". 1035% Fig. 81 s
= schemati VWA S ARHBALSx i RFEPHER dRiFE b Lo S &Raale KoMl ARt

multiplexed i id g >0Mmpo 6€ ali jde [ erted into
a PES packstgtﬁ l@%%e@éjt g{%é@%ﬁ&% t?r@n%%g ljlarllftici)g Hag“rg%@c Qaggféueﬁgfgg{%‘qb@ é\gﬁgﬁzjf a%wa%xdio stream

8104 compesadcion Riktaliingf andieHsalmesis conyadesiatelad FRlnasHeinsegtespmpans and then
into a TS packet sequence 8106. Similarly, the PG stream 8111 is first converted into a PES packet

sequerice g1azsavidethsivm o kioeggaativettedur (o8 stetioRhereas the |G stream 8114 is converted
into a PES foCk t sequence 8115 and then into a TS packet 20 sequence 8116. The multiplexed data
8117 is obtahéd y multiplexing the TS packet sequences (8103, 8106, 8113 and 8116) into one

stream. [10§ gmg’ﬁtgm,sg %E%ﬁietails of how a video stream is divided into a sequence of PES
packets. In F%.E!BZ, the i st)t?lér shows a sequence of video frames 25 included in a video stream. The

second tier shows grsequgace opieEehrtpackiisrisitidicated byjarrowsyyidergs2, yyBa@end yy4 shown
in Fig. 82, a plurality of video presentation units, namely | pictures, B pictures, and P pictures, of a

video streafpEseicatinRIbseatnasHng tHevibes/Riutsast PEDgsigarbaabion pidiase-wgtisisiae basis.

Each PES packet has a PES header and the PES header stores a Presentation Time-Stamp (PTS)
2 DA b St (STOY W htGHHE LS dhie Bed B0t MBS 3 4bHaBbonding

picture. [10g2hofigsiBR iHh\jéEgF%H‘%‘?ﬂ:@éﬁﬁ}ﬁﬁ%&ﬁﬂ?&é@#@ SYGNuAlMEUER AS T plexed

data. The TS packetis a length packet of 188 bytes and has a 4-byte TS header containing such

information il idsntifyisochemiteamebideaph8Adhviecdss palripasheasttighaciuelcdria iEhe PES
packets described above are divided to be stored into the TS payloads of TS packets. In the case of
BD-ROM, 10 @4ddadr Syitickées etapted wieviger PATdiE arebder ibf 15 bgristderedidthato2hByte source
packet, which is tQ xed data. The TP Extra Header contains,.such information as

be wriften as multiple .
B Avrival ARSI A PEEETABOA Y 1 EHERIL a SR i DML AP WHOTSIBHEE! o the
PID gy ol gt RN Wil ieble 0 i wipexed ok iludes 2 gpauence of

source packets 15 each bearing a source packet number IS @ number incrementing
sequentiallyifterfatbe(stiert af theusBlfipdesededie. FEk0SH dmiadditphitatibasTmackesvisionng streams

such as video, audio, and PG streams, multiplexed data also includes TS packets storing a Program
Associationradio, personal computer, mobile phone, or the like.
[1048]
Furthermore, in the present embodiment, symbols other than data symbols,
20  such as pilot symbols (preamble, unique word, postamble, reference symbol, and the
like), symbols for control information, and the like may be arranged in the frame in
any way. While the terms “pilot symbol” and “symbols for control information”
have been used here, any term may be used, since the function itself is what is
important.
25 [1049]
It suffices for a pilot symbol, for example, to be a known symbol modulated

with PSK modulation in the transmission and reception devices (or for the reception

device to be able to synchronize in order to know the symbol transmitted by the
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20 Table (PAT), a Program Map Table (PMT), and a Program Clock Reference (PCR). The PAT in
multiplexed data indicates the PID of a PMT used in the multiplexed data, and the PID of the PAT is
"0". The PMT includes PIDs identifying the respective streams, such as video, audio and subtitles,
contained in multiplexed data and attribute information (frame rate, aspect ratio, and the like) of the
streams 25 identified by the respective PIDs. In addition, the PMT includes various types of descriptors
relating to thansuispierederdiee) Ordef seaspdercrisidns mgbhetispysymebl fivlorifiegiatniicating

whether or not copying of the multiplexed data is permitted. The PCR includes information for
synchronizinY SEORHARLP i ENE I YREI KL e NS 50 OB SEPAMAPI SBRETime Clock

indicaing ah ST T AL kem i to1H Ao e PR R AR S 1030

Fig. 84 is ayiew illustrating the data structure of the PMT in detail. The PMT starts with a PMT header
indicating the length of data contained in the PMT. Following the PMT header, descriptors relating to
the multiplelddb0hta are disposed. One example of a descriptor included in the PMT is copy control
information 10 described at10ve. Following the d_escri%ors, ieces.of stream informg}:é%n relating to the

respective streamsﬁ‘lém@a iiflofh_%()ﬁ‘_{ﬂ%_d QLR L Qér_F _QH.H@QCW Q@@tbq_%f? PFBrmation is
composed ‘a%l?&mﬂ RAIRIRSHINGIEAHRY el XB%@%H%&&I ﬁBrﬂg%ﬁﬂﬁﬂLﬁﬁgﬁ%ﬂmployed

for a correspon tream, a PID of the stream, and attribute information (frame rate, aspect ratio,

and the likepgrtribe firegshielngheoMMlinieltigas(fsr reraysiccane destiitesh asdinedusnker of
streams included in the multiplexed data. [1040] When recorded onto a recoding medium, for

example, theorRftiore et gameteedrdad @engtiatoh melthsiexeeoseetlivioandinsn mMethrd[1041]

Fig. 85 is a view illustrating the structure of the multiplexed data information file. As illustrated in Fig.
85, th %ulﬁﬁﬁﬂ%d%ﬁfﬁ‘ﬂﬂ‘ﬂ%ﬁ%ﬁ%ﬂ@%Iﬁ¥§ﬁa ?nl 'i%%‘rmation of corresponding multiplexed data

and is comif?gg‘lof multiplexed data information, stream attribute information, and an entry map. Note
25 that multiplexed data information files and multiplexed data are in a one-to-one relationship. [1042]

As illustrated in FigN\gfe iratrthdtjiiesced datmidanivatonisicanposedsd@ sysbedirristsplayback start
time, and playback end time. The system rate indicates the maximum transfer rate of the multiplexed

data to the PAY fiker eMbegisiénMiifget dectsiegr ofhoadEigationbed-RiteeXameigultiisierbavEata
includes ATSs at intervals, 5 set so as not to exceed the system %‘ate. The [ay/back start time is set to

the time spEBIRGY'BIFTIR PASE"BRarRoMAUNMEY Aame Ghe iﬁ'ﬂﬁti BRIG Bt WABHOS thé Blayback
end “ifbe s ﬁﬁﬁfé’d“?& fr@{e %%gtgg%? ?&ﬁgﬁi%@%}ﬁéﬁ@ﬁ?@&'ﬁ@%ﬁﬁ% 0P dreRs IR AIRG Of the last

video frame in the multiplexe
communications method.

[1052]
Furthermore, a precoding switching method used in a method of
transmitting two modulated signals from two antennas has been described, but the
20  present invention is not limited in this way. The present invention may be also
embodied as a precoding switching method for similarly changing precoding
weights (matrices) in the context of a method whereby four mapped signals are
precoded to generate four modulated signals that are transmitted from four antennas,
or more generally, whereby N mapped signals are precoded to generate N modulated
25  signals that are transmitted from N antennas.
[1053]
In the present description, the terms “precoding”, “precoding matrix”,

“precoding weight matrix” and the like are used, but any term may be used (such as
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10Fig. 86 illustrates the structure of stream attribute information contained in multiplexed data
information file. As illustrated in Fig. 86, the stream attribute information includes pieces of attribute
information of the respective streams included in multiplexed data, and each piece of attribute
information is registered with a corresponding PID. That is, different pieces of attribute information are
15 provided for different streams, namely a video stream, an audio stream, a PG stream and an IG
stream. Thé'sadebostk€aiivaaxipudhiinetion signshwrothsstenipaelEdowbadisciamppitagdno
compress the video stream, the resolutions of individual pictures constituting the video stream, the
aspect ratiot, @rﬁ%te”?é{?@,t%d so on. The audio stream attribute information indicates the
compressio 6§QFC employed to compress 20 the audio stream, the number of channels included in
the audio stream; the language of the audio stream, the sampling frequency, and so on. These pieces

of information are usgeitieriniielizin atigcodeemeguscalgyhackhey raipien [dOAdt Imiberewesent
embodiment, from among the pieces of information included 25 in the multiplexed data, the stream

type inBludégsarihedrad TusNgs AL | Gattelledion wWhBR: tMexnlaitipfed fatdVéviSEorae dhenl keecording
medium, the video stream aftribute informatjon jpcluyded.jn the multiplexed data information file is used.
Viore speciily, Rl SERF RO RG] e 61 LKEBBATH A2y O e GBbve
embodime b ifieghtg adgifopally inclyde Hey l ificRigre of
informationq?gdt'ﬁgcygtrIE‘(-E-?él‘[r]nﬂgyg)‘ftfinglude(ij mgdé}\?/l?%rﬁ ?{:ﬁe@v%egﬁléﬁeaﬁﬁl tgﬁ%uigﬁﬁ{%ﬁsrﬁastﬁon. The
specific piegevaténfohrapiarissSonagdieatitertedt ihay igitectiain igcassrrrtieshbydtimatiovingrmicture
coding method and 5 device described in the embodiment. With the above structure, video data
generated B¢RAGHIGVINgG picture coding method and device described in any of the above

embo imerttf igﬁ:]stinguishable from video data compliant with other standards. [1045] Fig. 87
illustratds ah-8 plary structure of a video and audio output device 10 8700 that includes a reception
device 8704 for recgjying.ampiliiated sional carmvinoivideaand aydiodatesondajader data
broadcasting from a broa?ﬁ:gas%ng @@%on ase sta%grh). Note tﬁagtit@e EJIstructzgré oﬁhe reception device
8704 correspondmipdb e dacoeition device 7900 illustrated in Fig. 79. The video and audio output
device 8700 is installed with an Operating System (OS), for example, and also with a 15
communicalid¥®@hit 8706 (a device for a wireless Local Area Network (LAN) or Ethernet, for example)
for establishing an Internet connection. With this structure, hypertext (World Wide Web (WWW)) 8703
orovided over the IASTHEI LI 0B B AT LS55 vl AU o FOUF B e 702
roproCed b SRR GRETY ALY HARRA) LA dMERIRE LI HR RIS dRE 20
broadcasting. I%y operatin8 a remote coELtroI ?wl;(lach @S%e% m%%il?e plgji% orie boér%) 8707, the
user can makmalselgetiandoseiie fonages Srdieenitithiceguitay dappipi@\ideckby desaddingdcasting or
the hypertext 8703 provided over the Internet to change the operation of the video and audio output
device 8700N3tiEesakfbldhdybpBraEnePnBaReNbte dathtEbe tauAdIdLEesSrRIBPONSIH Redlyertext 8703
provided 25 over the Internet, the user, change the W, site currently djsplayed tog another site.
pedn i e e AR R A A Y G S e
reproduced fsamdhe,vifsaomauia Aata Ot IRIRERY g e dlatR fipRAEaRLNG, 1P M3Rr can
transmit inform tﬁ}oﬁ&lndica‘tﬂg yié,efgcted c[hantﬁ%I (s.uce:%9 as a elected%roagcast%[?gograirﬁgr audio
broadgastingy. I5(iespanes (Anrasissdacel{iF )8 10T acaeirahdntesisdian tenpotidad fraay the remote
control, so that the reception device 8704 operates to obtain reception data by demodulation and error

correction cvétsigpthlanshieer ek denadscoaraperding toitheswitehed dosphiardsigealcd 6Y 04
receives control symhols included in a.signal corresponding to the selected channel and containing
formation HE A (Reg SHSFHECHb N SHELTCU o B B AT B A (UL RS Ahments
Al-A4, and in Figs45 MV IS, | [ ti [ 704 isjenabled to
make apprc}gﬁaﬁgeﬂs*%rt‘gﬁé{, %’jﬁj tt?g%gﬁiie\)/i%\%Hf)gpﬁ?i%ér@wdgxgmﬂﬁ?ﬁ%fﬁmﬁn\qgﬁgd%édlaol error

correction dggesipgnding toethikeiatdhbd regsibendasiyingduddy frofatrapymhaiatamsmitied from a

broadcasting station (base station). Although the above description is directed to an example in which

the ushr selBoEUiathHIGERL SPIGEROREINB D JOAtWIETGY, hascsantesinalrB(D TP iENEHh example

in which the user s ect%a channel usinég a selﬁction keﬁl provided on the video and audio output
15device 872'569%‘6 6a]tt e same time and over the same frequency. Baseband components may

be switched as follows.
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In addition, the video and audio output device 8700 may be operated via the Internet. For example, a
terminal connected to the Internet may be used to make settings on the video and audio output device
8700 for pre-programmed recording 20 (storing). (The video and audio output device 8700 therefore
would have the recording unit 8308 as illustrated in Fig. 83.) In this case, before starting the
pre-programmed recording, the video and audio output device 8700 selects the channel, so that the
receiving devicef 8he4 iopeitasesaonopeaknteaeptithe datadiatdeanodimpoioentiref ciner switeltidn
decoding ofpi channel. At this the reception device 8704

receives cofrd dlg'?&rélq &['é(i’(? é&é%%d&f BrF@%ﬂé{' .k teﬂ‘ﬁg&é@&&% Qm{@@ﬂé%tammg
correction 1o %@%@ﬁﬁ@?ﬁﬁ e B e T e S s

Embodimentggettidlyand as shown in Figs. 5 and 41). With this information, the reception device

8704 is enabled to make appropriate settings for the receiving operations, demodulation method,
method of errbelcdhediiophaseoehngnentdthanikéhe duigdretivecamaanenided ililejaﬁw@ineﬂols

InthopresorER LB RR ACEDLAS BRI UM FRCHRCANBS AP ACRER S L A b Wroadcas
ransmission B e S 2 0 N AR ersona

computer, mapietpiadye, access point, base station, or the like is provided Wlth the reception device.
Additionally, it is considered that the transmission device and the reception device in the present

description hdﬁ dhes imphmmmarrmwmhcm ahel grediabans ecompingntonhdbredwidckethe sort of
compatbr, TR GITAbY T - DoA] EUKESPRbIEL (A bR AR RIBRL ) DS other
2l the Hke) e SEA Qﬁﬁﬁﬁéﬁﬁ*’%‘}‘“@ﬁdﬁéﬂ%@%@@ ARy e
While the teggsecpiNelypymbol” and "symbols for control information” have been used here, any term
may be used, since the function itself is what is important. 25[1049]
- Let the in-phase component and the quadrature component of the switched
baseband signal r1(i) be 1,(i) and 1,(i) respectively, and the in-phase component and
15 the quadrature component of the switched baseband signal r2(i) be Qy(i) and Q(i)
respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal r1(i) be 1,(i) and 1,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r2(i) be Q,(i) and Q(i)
20  respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal r1(i) be I,(i) and Q,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r2(i) be Q.(i) and I(i)
respectively.
25 - Let the in-phase component and the quadrature component of the switched
baseband signal r1(i) be Q,(i) and I4(i) respectively, and the in-phase component and

the quadrature component of the switched baseband signal r2(i) be I5(i) and Q(i)

respectively.
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It suffices for a pilot symbol, for example, to be a known symbol modulated with PSK modulation in the
transmission and reception devices (or for the reception device to be able to synchronize in order to
know the symbol transmitted by the transmission device). The reception device uses this symbol for
frequency synchronization, time synchronization, channel estimation (estimation of Channel State
Information (CSI) for each modulated signal), detection of signals, and the like. 5[1050] A symbol
for control infbghatien iiz-phasearsaipimgmfentatiin gusdiralian demponapplifatbessuritbkelike) that

needs to be transmitted to the. commuynicatjon partner for achieving communication (for example, the
oculation SRR SUGRLEATL AR ALY IndIGEPEIOHEL A0 IR ERRSP OB g metho
10setting i QL] d ike). &%lq : r nvention is not
limited to t@%@g\%g%%%%ﬂg\%aﬁm rr;n%% g@zcr!n@ ied W|thdas{g?|&§y rﬁ?dﬁfc@%ﬁ%’ql%@? example,
the above agypesiinents describe communications devices, but the present invention is not 15 limited
to these devices and may be implemented as software for the corresponding communications method.
[1052]5 FukBkriferé)-aliascafingpenanihaig nibehsiadiatine carepeoddt ahribmisimgoned modulated

ignals f t . h jbed, but the. 20 t invention is not limited in thi .
e presentAHERH N ) VA S iAo e e SoprEU e LA s PHEER SR AR chamgimg

precoding wgel ] | t f r sign eprecoded to
generate fﬁ%ﬁéfgﬁg@cs?gmg@ﬁéﬁeﬂﬁamﬂg%%%ﬁ %@@xr{g@?ﬁr@m ]r@gger#r?egﬁ &6 whereby
N mapped sigpatsiaegyprecoded to generate N modulated 25 signals that are transmitted from N
antennas. [1053] In the present description, the terms precoding", "precoding matrix", "precoding

weight mat_rixl'_ahdheueingaha_ss@ wgmpmr&n_mrmenaya@baﬁ@w ngpasn;?gf'dbaeswimhem)r example)
the prientERLATR S0 e AR SO S BB 5 Lo e R e BaRbSERd APP
Max-log AP, , isi It iksli logikelihood
atio) o e e R L R b L S e S v

This procesg¢pestivelteferred to as detection, demodulation, estimation, or separation. 10[1055]
Different data may be transmitted in streams s1(t) and s2(t), or the same data may be transmitted.
[1056] Assunmiecthigriscotiase beceipanansiciigs thigi) dpadiatuise eompphestrité tihe 19\bteladn terms of

Sreams wiE TR, Bl Db e PALHA e R B £ SORARBALARY anl e
s R e AT e e ) A ey o
respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal r2(i) be 1,(i) and 1,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal ri(i) be Q,(i) and Q(i)
20  respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal r2(i) be I,(i) and Q,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r1(i) be I5(i) and Q(i)
respectively.
25 - Let the in-phase component and the quadrature component of the switched
baseband signal r2(i) be 1,(i) and Q,(i) respectively, and the in-phase component and

the quadrature component of the switched baseband signal r1(i) be Q.(i) and Ix(i)

respectively.
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20 be 12(i) and Q2(i) respectively. In this case, the baseband components may be switched, and
modulated signals corresponding to the switched baseband signal rl (i) and the switched baseband
signal r2(i) may be transmitted from different antennas at the same time and over the same frequency
by transmitting a modulated signal corresponding to the switched baseband signal rl(i) from transmit
antenna 1 and a 25 modulated signal corresponding to the switched baseband signal r2(i) from
transmit antetgd 2hat iNepbaste ampanenbvatdhtheasadretiiencypasebad dompaviéstisdnay be

switched as follows. Let the in-phase component and the quadrature component of the switched
baseband SGFETHY) SETRY 2HARS 345 FEaRR LRy SEFRNRABHARE KRS EAMARTEAb Alacature
component.of t ' igpal £2(i 12( IV . ilyphase
com ponent@%cﬁ&%&%ﬁ%ﬁﬁg %@%nqggﬁ g ﬁ? o‘ﬁfg% E%ié%e%aa;\é%;%g Qs%ﬁ a?%'(??%ﬁ%@m 12(i)
respectivelyegiettiveljn-phase component and the quadrature component of the switched baseband

signal r2(i) be Qi(i) and QZ2(i) respectively. Let the in-phase component and the quadrature component
of the Switchdeet GheadetpittssigaRID(Gne and) ted qpdeatpectbasnpansdthef ithshavdtebedponent and

i i hasb SBHRBRUHUSHA b LR BT e B DS R SBRLAN ) e 1)
d 12(i | in- : f itched
Paseband S o e e A R R e e

componentespaetRwitghed baseband signal rl (i) be 12(i) and Ii(i) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r2(i) be Q2(i) and WO
20respectively. Letlththinaphueealesariptinensignalshia diacitiearsscaitpoeratted; ansl IWiniese baseband

signal r|(i) be 1I(i) and Q2(i) respectively, and the in-phase comppnent and the quadratyre component
of the vt cHR ORISR G ST A ) LS BERAIRY Deneiseare TR Bifmponen
and the qu of.t itehad: ' | J i(i ctively,
and the in-gﬂg eécgg?rﬁgc})&%ﬁ?gh Stf?e8 tgliﬁ;ﬁﬂg?u|r|£%@Eﬁ@@g:ﬁ@?%ﬁquﬁgwgg&ﬁagg?gﬁal r2(i) be
12(i) and Wohagsipe plivedyed, edritiatin-phphesecronpueihanshie atrdratereopgronemensfofridie switched
baseband signal rl(i) be Q2(i) and 11(i) respectively, and the in-phase component and the quadrature
componentyeaedeshsionats bamebasyisihedl r2(i) be Q1(i) and 12(i) respectively. 5 Let the in-phase
component aﬁﬂe guadrature component of the switched baseband signal r2(i) be II(i) and 12(i)
respectivelﬁ the in-phase component and the quadrature component of the switched baseband

signal (i) be Qi) %Q%Q)ﬁsﬂﬁﬁgﬁ%n't&{?{lﬁ %‘%f&ﬁ&mgﬂaﬁ%&}j "3RI REER Component

of the switched 10 baseband signal r2(i) be 12 respectively, and the in-phase component and
the quadrataiesrassingetretéhaewievied baowhandisofigl rés) ey Qk(ioane By krprpaltyely. Let
the in-phase component and the quadrature component of the switched baseband signal r2(i) be 1l(i)
and 12(i) resféeti¢@nasand the in-phase component and 15 the quadrature component of the switched
baseband si I(i) be Q2(i) and WO respectively. Let the in-phase component and the quadrature
component switched baseband signal r2(i) be 12(i) and li(i) respectively, and the in-phase

component and thelﬂ:‘cﬁ% i W%%%aﬁ%j Wiiqggg}@ﬁﬂﬁé‘%@é}%f'g?{é’reﬁiﬁ@r(i) Agd Wo

20respectively. Letthe In-p compon nd the quadrature component o switched baseband
signabi@(i) ke lbyhised Q2(eprenertvedyedsrittialigirhgiscomponent and the quadrature component

of the switched baseband signal rl(i) be 12(i) and WO respectively. 25 Let the in-phase component and
the quadratl¥eéd&mponent of the switched baseband signal r2(i) be li(i) and Q2(i) respectively, and the

in-phase component and the quadrature component of the switched baseband signal rl(i) be Q1(i) and
200 rospectvely. LERTETIHHab CEnESHAN B BB A AIFSee S RGP EGH B s A Hec
baseband sig I&Vglgﬁe%%i}a%@%g(i) respectively, and the in-phase component and the quadrature
component of the switched baseband signal ri(i) be 12(i) and WO respectively. 5 Let the in-phase

component[@agddhe quadrature component of the switched baseband signal r2(i) be Q2(i) and I1(i)
respectively, and the in-phase component and the quadrature component of the switched baseband
signalA(i) be WO aWéheniVsigpéagiesplex plane, complex numbers may be shown in polar

form by polar coordinates. If a complex number z = a + jb (where a and b are real

numbers and j is an imaginary unit) corresponds to a point (a, b) on the complex
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In the above description, signals in two streams are precoded, and in-phase 10 components and
guadrature components of the precoded signals are switched, but the present invention is not limited
in this way. Signals in more than two streams may be precoded, and the in-phase components and
guadrature components of the precoded signals may be switched. [1057] 15Each of the transmit
antennas of the transmission device and the receive antennas of the reception device shown in the
figures mayplaneornddhiy popnirslikgpsesaniedraspolaysglordinatemathis, dds thiptitng flod eymigol "V"
represents the universal quantifier, and 20the symbol "3" represents the existential quantifier. [1059]
Furthermorsgﬂ"i‘%'gsd@gription, the units of phase, such as argument, in the complex plane are
radians. [1Oa69]r%5¥¥§%n using the complex plane, complex numbers may be shown in polar form by
polar coordinates. If a complex number z = a + jb (where a and b are real numbers and j is an
imaginary uni) cerggsponds to a point (a, b) on the complex plane, and this point is represented in
polar coordinates as [r, 01, then the following equations hold. a =r x cos 0 b = r x sin 0 5[1061] Math
303 r=ifa2 H2061b62] 10r is the absolute value of z (r = a + jb is represented as re.

Math 303
2 2
r=ya +b

[1062]
10 r 1s the absolute value of z (r = |z|), and 0 is the argument. Furthermore, z =
a + jb is represented as re'.
[1063]
In the description of the present invention, the baseband signal, modulated
signal s1, modulated signal s2, modulated signal z1, and modulated signal z2 are
15  complex signals. Complex signals are represented as | + jQ (where j is an imaginary
unit), | being the in-phase signal, and Q being the quadrature signal. In this case, |
may be zero, or Q may be zero.
[1064]
The method of allocating different precoding matrices to frames (in the time
20 domain and/or the frequency domain) described in this description (for example,
Embodiment 1) may be implemented using other precoding matrices than the
different precoding matrices in this description. The method of regularly hopping
between precoding matrices may also coexist with or be switched with other
transmission methods. In this case as well, the method of regularly hopping between
25  different precoding matrices described in this description may be implemented using
different precoding matrices.

[1065]
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[1063] ), and O is the argument. Furthermore, z = In the description of the present invention, the
baseband signal, modulated signal sl, modulated signal s2, modulated signal zl, and modulated signal
z2 are 15 complex signals. Complex signals are represented as | + jQ (where j is an imaginary unit), |
being the in-phase signal, and Q being the quadrature signal. In this case, | may be zero, or Q may be
zero. [1064] The method of allocating different precoding matrices to frames (in the time 20 domain
and/or the frequendyl@obIashpwestripxamplehnf adyaaptasti(orsystempleatrisesodienaathochedy be

implemented using other precoding matrices than the different precodjng matrices in this_description.
The method StABE Y1805 MBE AR SERRERQHOSETAG Fea e e 18,3 SESSIRIRR o bk Gwitched

with other t IS$i J heppin een 25
different prgw%Ba%rﬁaggbggg%é%&?ﬁﬁg @gﬁﬁﬁ%gﬁ%wggemﬂ% ﬁg%% %?ﬁg%\g’nt
precoding ratrieasukOeadoded \itzoSPrRigewaniLxB90k pindugiadeasing SYTS metedsses the

method of regularly hopping between precoding matrices described in this description. In Fig. 59, a
video éncod&flBoad infigivencoitksothe agdipasndputtaiscaesdpe sidko andgtesda0d dutpales encoded

video images as data 5902. An audip encoder 5903 receives 5 audio as input, encodes the audio, and
outputs eSO ug he GAERGB0HPR el 5985 108 R LK A B SEoARE the data

(for examp'@&%éq?@éﬁm%ﬂsﬁgﬁ@té&%&é%ﬁtﬁ%oﬂﬁg @9%?‘?65’83%?1@%%0@%‘&65”&?@6

encoders are referre asin ation source encoders 5900. [1 10A transmission unit 5907

receives, asdfyrrddtitesd atddr A2 of Harercodedandsopthe data 5904 of the encoded audio, and the
data 5906 of the encoded data, sets some or all of these pieces of data as transmission data, and

outputs trarldffidion signals 5908 i through 5908 N after performing processing such as error
correction encoding, modulation, and. precoding (for example, the signal rocessing of the
ranerifeion device TR SO U SohelEr LA are SUBk 1% i S0 Ok B HEALRted by
antennas 53 tm@%%%%%&—!}'f R AOUAY &5aldO8d %easﬁt@@gg &fﬁ%&%@?ﬁﬁ@’&ﬁa&% Input,

received signals 5911 | through 20 5911 M received by antennas 5910 i through 5910 M, performs
processing sitshsasriseguealty ¢orivessiopiedesodingathprecagingmicgidikefend gatiosalsutation, and

error correction decoding (processing by the reception device in Fig. 7, for example), and outputs
received dataBIMEsB19gaAk 5808, Micreigiod 308 bk aftopertoBo g reteseesiag sysik,ahe received
data 5913, g?r%?’&nrgeg%g'é&i)%?ﬁg, modulation, and precoding (for example, the signal
15  processing of the transmission device in Fig. 3). The transmission signals 5908 _1
through 5908 N are transmitted by antennas 5909 1 through 5909 N as radio
waves.
[1067]
A reception unit 5912 receives, as input, received signals 5911 1 through
20 5911 M received by antennas 5910 1 through 5910 M, performs processing such
as frequency conversion, decoding of precoding, log-likelihood ratio calculation,
and error correction decoding (processing by the reception device in Fig. 7, for
example), and outputs received data 5913, 5915, and 5917. Information source
decoders 5919 receive, as input, the received data 5913, 5915, and 5917. A video
25  decoder 5914 receives, as input, the received data 5913, performs video decoding,
and outputs a video signal. Video images are then shown on a television or display

monitor. Furthermore, an audio decoder 5916 receives, as input, the received data

5915, performs audio decoding, and outputs an audio signal. Audio is then produced
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25 decoder 5914 receives, as input, the received data 5913, performs video decoding, and outputs a
video signal. Video images are then shown on a television or display monitor. Furthermore, an audio
decoder 5916 receives, as input, the received data 5915, performs audio decoding, and outputs an
audio signal. Audio is then produced by a speaker. A data encoder 5918 receives, as input, the
received data 5917, performs data decoding, and outputs information in the data [1068] In the above
embodimerlly desprbke. te patsancedenbdiStiiecsiveheadfiBpeitcdirerecnsivrsteaignii®sibn device

when using a multi-carrier transmission method such as OFD ay be any number, as described
above. TheP@fg{)éfTﬁsgma\:qﬁpﬁaW’mw,uﬁsiyi?%@@@ Hb&&gtaét%r the transmission device to have

one encod 16@§]t0 adapt a method of distributing output to a multi-carrier transmission method such
as OFDM. In this'case, the wireless units 310A and 310B in Fig. 4 are replaced by 10 the OFDM

related processors 3¢ a6l sRbBdinfentsldbsthpifdgateEnsiesat the b tielaiachbepegssors is as
per Embodiment 1. [1069] While this description refers to a "method of hopping between different

precoding rAREACEES IEhde bkecisia Ispieth deMbEhvhsIm g Bedeat ifkarsier jracsiniag abmetriees”

illustrated in thjs description is onl le. All of the embodiments in this descripti b
similarty imPHSHHEREH Y RGP HE WHERRb S FRERSHRRG BRRWE e BHFLPER 35 4B riFirices” with

a "method %&Eﬁg]b‘l'é“w EWBH{% @SBIErﬁﬁ‘{ﬂB’ga{ﬂ%igﬁﬁﬁ‘ﬁm& P&W&QU%’&%"&H@B‘BBF Bﬁ%‘;’Oding

matrices". [1070] 20Programs for executing the above transmission method may, for example, be

stored in acdadipin Reatod oy demaiREUMuaN DenoRieas ior apgiaiisbion faemsal fressing
Unit (CPU). [1071] Furthermore, the programs for executing the above transmission method 25 may

be stored iri% OGMAPhidn tbisiadse, rbeondnetesaatitimg 10A mad 0B dtoFdd.id aie repaetidynhedium

may be loaded in the Rapdom Access Memory (RAM) of the computer, and the computer may be

oot GBIV 2 BB SRR B S LI F B ch R SASH P InB v

embodimer‘b}@‘@/ Ikéﬁ{g&ig%%@&ﬁg@b&g &%gﬂe Integration (LSI), a type of integrated
vidual ¢ e

circuit. Indi omponents may respectively be made into discrete chips, or part or all of the
component§lipgdpach embodiment may be made into one chip. While an LSI has been referred to, the
terms Integrated Circuit (IC), system LSI, super LSI, or ultra LS| may be used depending on the
degree of integratioW FlatHusnfisss) pidomaBiets ftp assartthinsh aftbgrig daeiuissis didtareiited to LSI,

B B e O o 7RSSR RIOSEP S Rty bSieh T R RaRorRmmRly Care

15  matrices” illustrated in this description is only an example. All of the embodiments
in this description may be similarly implemented by replacing the “method of
hopping between different precoding matrices” with a “method of regularly hopping
between precoding matrices using a plurality of different precoding matrices”.
[1070]

20 Programs for executing the above transmission method may, for example,
be stored in advance in Read Only Memory (ROM) and be caused to operate by a
Central Processing Unit (CPU).

[1071]
Furthermore, the programs for executing the above transmission method

25  may be stored in a computer-readable recording medium, the programs stored in the
recording medium may be loaded in the Random Access Memory (RAM) of the

computer, and the computer may be caused to operate in accordance with the

programs.
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10 programmable after the LSI is manufactured, or a reconfigurable processor, which allows
reconfiguration of the connections and settings of circuit cells inside the LSI, may be used. [1073]
Furthermore, if technology for forming integrated circuits that replaces LSIs 15 emerges, owing to
advances in semiconductor technology or to another derivative technology, the integration of functional
blocks may naturally be accomplished using such technology. The application of biotechnology or the
like is possiBle721074] A precoding method according to an embodiment of the present invention is 20

performed by a trangmission device. that transmits a first and a second tra fmissio fi nal from a
Plurality of cifferent BURS A BURR R L LHG AR ERBg R S BRI ARSCIRBIRTE A the
second transmissi 9 ing.0 ted.f Sj : se stream
and an e e rom the
base streamdhactpatigeslging meiwiheoRGrReg thipsten phrgeneiRtion thdwengetarhRNCEMent

modulated signal by selecting a precoding matrix from among a plurality of precoding matrices and

precoding thackrimapeéiment may briteacsidgnal ersr the\Wbide &itllgrb baslipee meedexrasbiectiumh of the

Gonorated T CUREF AGEr AL SR b soilabet A SR Dreib

enhancemegymadhiptal ANk LO7oY A-HEIR)P"ERARAA e ViER NRHAUTTE RiERAMing method

according to an em ent of the present Tnvention IS Insta ed in a transmission device that

transmits a ififigypatdopchrecrddranshintsanciossl rem adlivaky etcliteseatguigralspeygodbe same
frequency band and at the same time, the first and the second transmission signal being generated

from a basePraeeRseitetayghel iiseted\roigld Ry earessieiien At af Eah(ic¥phent witidbldsed signal
formed from an enhancement sﬁ[gga of data di ferin%drom the@gﬁe stream, wherein a precoded
i

enha mé?{PH{SHm}% SHRat el anaciv nBraapt?% ft%fr friR"PE6MSaMm %bplurality of
d . ) . ) _ di
i, sl T e gl Ab e T cond

transmissiomgjdneliseg. generated from a signal in accordance with the base modulated signal and
from the precoded enhancement modulated signal. [1076] A transmission method according to an
embodimeriiléf e present

Furthermore, if technology for forming integrated circuits that replaces LSls
15 emerges, owing to advances in semiconductor technology or to another derivative
technology, the integration of functional blocks may naturally be accomplished
using such technology. The application of biotechnology or the like is possible.
[1074]
A precoding method according to an embodiment of the present invention is
20  performed by a transmission device that transmits a first and a second transmission
signal from a plurality of different outputs over the same frequency band and at the
same time, the first and the second transmission signal being generated from a base
modulated signal formed from a base stream and an enhancement modulated signal
formed from an enhancement stream of data differing from the base stream, the
25 precoding method comprising the step of: generating a precoded enhancement
modulated signal by selecting a precoding matrix from among a plurality of
precoding matrices and precoding the enhancement modulated signal using the

selected precoding matrix, selection of the precoding matrix being switched
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20 invention is for a transmission device that transmits a first and a second transmission signal from a
plurality of different outputs over the same frequency band and at the same time, the first and the
second transmission signal being generated from a base modulated signal formed from a base stream
and an enhancement modulated signal formed from an enhancement stream of data differing from the
base stream, the 25 transmission method comprising the steps of: generating a precoded
enhancemdrgiadyi e reignieofirst ristitie s¢rerd dingsmiasieiirsignahasagenprateditfromptecoding
matrices and precoding the enhancement modulated signa) using the selected precoding matrix,
R e e i e o oy
transmissioghﬁig&%lrﬁréﬁpdﬂoﬂg (5“5 ydance with the base modulated signal and from the precoded
enhancement modulated signal; transmitting the first transmission signal from one or more first
outputs; anigappmitting the second transmission signal from one or more second 5 outputs that differ
from the one or more first outputs, wherein when precoding an encoded block based on the
enhandement moduAasgnslgpracassing dew erpastar o7 B & PErRpodEtD IO Eheshaitapksl gctsiad block as
the first and the second tprfn mission siggnga}l in_accordanc? wjth a modulation. method be M, the

Cc

number of tHERGAIR)TH nBRSSEH CEL BTAOirASr HSHIESc A oIS RIS d8Y I i8htifying
h of 10 li [ i ' - : |
each of 10 e, plirality ﬂ?ﬁf%ﬁ%@%é?éﬁ&?&ﬁ%ﬁ%hﬁ%@ r]ﬂéérfir? ﬁi’éﬁﬁﬂeﬁ@?@fﬁ%ﬂf‘ slots to

which a precoding matrix with index F i1s allocat é C en each of the
plurality of prgpacinyenatidossris flooatey iealtedMdsietheisaméctiiiannutfing enganeddelaak so that for
any a, b (where a, b are from 1 to N and a # b), the difference between C[a] and C[b] is 0 or 1.
15[1077] transralssiissignaldutbegagenetiiag téram entissdimedtititedesigaskifivimeshfiemransmits a

E;Séé‘iﬁé‘;ﬁ%%”?ﬁé?ﬁﬁ?a@?%‘fﬂ ORI SBOBH e ShaL R S Wy ;%ﬁt%fmaf“fﬁéfuf‘%e;‘%se
modulated gignal formeghbromaial BaRe SHeHRaG B e hARRS e breesitated rigratigrmed from

,
an enhancement stream of8 data ﬁﬁrermg ?rom%t%e base sfrear%‘,:%e trgnsmlssmn device comprising: a
weighting upibgalafiedireid talgénejaieraiguengdss eningn ee meobding uhadadsifoal banselgcting a
precoding matrix from among a plurality of precoding matrices and precoding the enhancement
modulated Sigralitysiply Rrecedingtatppieedding piatadinG theciltanegmeatraeddiaigmnsighabeing
switched reﬁularly; and ?transmissio unit configured tog?fne%r;}r_he the first and the second

transmissio Sé’?gnzyll?ro?ﬁ %nggngr?ﬁ EgrdHﬂE{B(wifﬁ'ﬁ?B Bult&? 'iB%aFEPiH)?r e precoded
h _ | . ) : o . _ : tputs,
i e S T e i the one

or more firsfroviputighdidre it ovheanpeesitiingeabass ool ditkerkigasieshdnftbm ehb aneendent
modulated signal, letting the number of slots required to transmit the encoded block as the first and the

second trarfiisssienentigaduiatedsigtahce with a modulation method be M, the number of the
plurality pre @? matrices that differ from each other be N, an index for identifying each of the
plurality of [Lc ing matrices be F (F being from 1 to N), and the number of slots to which a
precoding matrix wig iPﬂﬁfrﬁé?i@HO?ﬁé%Be %r&g{ 1 heing, lesssha t thgn the vefpégémng unit
allocates each of the plurality of precoding matrices 10 to the M slots used to transmit the encoded

block 20 thahientoy & fo(whersmissiaredeoioclitatNranshaté bfirhedifteseosedoeansansida] and Clb]
is 0 or 1. [1078] A reception method according to an embodiment of the present invention is for a

reception déigaal tresteipéusdlityt eindiEeresbadtraissirisiba sagitafteaHensytdantbang atithAsmission
device from a plurality of different outputs over the same frequency. band and at the same time,
wherein & U NI ARE A T A D GG L A e CERFEA 1 ERY eated sgral
is formed fr%o%ﬁh?é&‘?i%ﬁ%%?ﬁ%ﬁ%&?r% data étflfihﬁ‘_%rﬁ't?ﬁh %Qﬁé&ﬁéﬁ%ﬂpd’a I%'ES&%@’%rﬁjal .

e e X ng a 20 plurality

enhancement modulated signal is generated by selecting a precoding matrix from amo

of precodingomagtchemnarpretaditiritia enkancemdataditielated fsignathesingdhareatactes precoding
matrix, selection of the precoding matrix being switched regularly, and the first and the second
transrassiotiasigmissen geetbast<® mpniSENgidhasieRcobrdenesiing therpeedetheabireaMmsghal and

from the pr%:gglﬁgted signal by selecting a precoding matrix from among a plurality of

precoding matrices and precoding the enhancement modulated signal using the

selected precoding matrix, selection of the precoding matrix being switched
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enhancement modulated signal, the reception method comprising the steps of 25 receiving and
demodulating the first and the second transmission signal using a demodulation method in accordance
with a modulation method used on the base modulated signal and the enhancement modulated signal
and performing error correction decoding to obtain data In the reception method, when an encoded
block based on the enhancement modulated signal is precoded, letting the number of slots required to
transmit tha'egidatyd groekatisghiddidrdranththesssntdriiasamdsstonsigralinrast argignal with a

N a1 index R RERGR Bk GPESITBHLIAR) SRAcB IS B0 BSRETFEFA 1o N). and
th b | ich ' trix with | ' F ing less th
M, then ca aT e b Pt R T e e

encoded blegkpsesthaidararynitingiherseomiatiarisaiisdida N@nd aénblotbediffiensscbetween Cla]
and C[b] is 0 or 1. 10[1079] A reception device according to an embodiment of the present invention is

for rec@vingAlits thad diflec Jnentrane nsswnmeyaditshiesinitisd Wheiakaeheis SIcrco@Vigeafrom a
lurality of diff tput th f band t th e time, wherein a b

modulted SR BRI RE Chrae DB RrRERE ARCRG B e FATE SH PR formed

from an en@?&@‘?@g?g?éﬁ” rﬂﬁ‘%ﬁ“gﬁéméfﬁmé!?%?ﬁ?eef)ﬁﬁ?% t?l@%%%ﬂq(?rﬁ R I#Efdﬂent

modulated signal is generated by selecting a precoding matrix from among a plurality of precoding

matrices argigprdicpdirgdhaschangemenddotdidatesaigaabe natteenseibeiedfircptling ingatrix,
selection of the precoding matrix being switched regularly, and 20 the first and the second

transmissiopreRgedn g majanes dbed dibier draigreacin cibesirhcamitdendakientibinarasikighal and
e Lc Ao sl 1 fecepton Sy ey g deppaiating
eraren AL ELATE] S e o e A ICIBIBONEg r an
based on tha@nhBneeemenicmodithatedurality of precoding matrices is allocated to the M slots
used to transmit the encoded block so that for any a, b (where a, b are from 1 to N
and a # b), the difference between C[a] and C[b] is 0 or 1.
15 [1077]
A transmission device according to an embodiment of the present invention
transmits a first and a second transmission signal from a plurality of different
outputs over the same frequency band and at the same time, the first and the second
transmission signal being generated from a base modulated signal formed from a
20 base stream and an enhancement modulated signal formed from an enhancement
stream of data differing from the base stream, the transmission device comprising: a
weighting unit configured to generate a precoded enhancement modulated signal by
selecting a precoding matrix from among a plurality of precoding matrices and
precoding the enhancement modulated signal using the selected precoding matrix,
25  selection of the precoding matrix being switched regularly; and a transmission unit
configured to generate the first and the second transmission signal from a signal in

accordance with the base modulated signal and from the precoded enhancement

modulated signal, transmit the first transmission signal from one or more first
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signal is precoded, letting the number of slots required to transmit the encoded block as the first and
the second transmission signal in accordance with a modulation method be M, the number of the
plurality precoding matrices that differ from each other be N, an index for identifying each of the
plurality of precoding matrices be F (F being from 1 to N), and the number of slots to which a
precoding matrix with index F is allocated be C[F] (C[F] being less than M), then each of the plurality of
5 precodingPbiptisesnd diaesiut tbarseeanrdotsansadssicnanignl tieoehandedbidokessabeindor any a, b

(wh , b f 1 to. d b), the diff bet C C[b]is 0 or 1. [1080
S pploment PSR <Ll B, ot BHUR G DESPHITLAD

: . . | a6 DpkeRs
Cnals S1() B e L B S L) for o

streams whil tegidaitydstitehirehiteteegivpdeadsl ik matredirst ahthihénspbmae teamspenest | and the
guadrature component of the 15 precoded baseband signal z1(i) be li(i) and Qi(i) respectively, and let

the in-phaséigoahporasaordaneansitiuadnadvdabompasibat dieHd prec dueebpasdbhadbisridyz2 (i) be
12(i) and Q2(i tively. In thi , the baseband nt be switched, and modulated
sionals corRSORTEGE S SRS B SaRel ey e (B R ARG Bl 12)
be t ' i - t e {j b
ramsmiting T e s N A R e
antenna 1 anstatoamidhtactrigoaireprasrendithoitddke-Swiitbesiense@fr| sCIr! seimyfress transmit

antenna 2 at the same time and over the same frequency. Baseband components may be switched as

follows. 25 tham tMY, ifem & weishibie in iradl acetes aachiokéhedrire Hano bpraeosiies edriseseband
ignal ri(i) be li(i) and Q2(i tively, and the in-ph t and th drat t
o e il SRR VRS 1 KB ) 20 BB EBY heb MIAE cBAiBonent andl
the quadraw%bt)ﬂ% g&ttﬂi @yt&ﬁf@q&%ge&%ge?iﬁ?irm éeFHh]lg) 1I2(i) respectively, and the
adra

in-phase component and the g ture component o witched baseband signal r2(i) be Q1(i) and
Q2(i) respeftyrdy. 5 Let the in-phase component and the quadrature component of the switched
baseband signal ri(i) be 12(i) and I1(i) respectively, and the in-phase component and the quadrature

component of the siteseptisasalsdrerageriding) toaaRMEW Qe okl seRtBsent inentienrsphase

t and th dratur; t of.th itched 10 baseband signal r1(i) be [1(i d 12(i)
Fespectivel) ChAd e OB ARACEAMEORUAR 2T E AGFAEIS CORPRITRAR IURE JARSAuH Basoband
i | i 2(j ; i Let in= ; t t
signah (i) Ezcﬁ) {PhARORIYETesRG gv‘ﬁl}ﬂm § ETCFIr%ﬂe St i ﬂ?eﬁgtﬂ[‘]g %@ﬁ:%agéfﬁecomponen

of the switc aseband signal r1(i) be 12(i) and 11(1)’respectively, a e in-phase component and

15 the quadratjurencgropaaenidoithhesydtnbathinseharndnsipbate2fbbiel Ded s MWOfoesrectively. Let
the in-phase component and the quadrature component of the switched baseband signal ri(i) be li(i)

and Q2(i) réspBchv eSSt AR irithat eahapesivanhmdatidaaadsignnd torformshifeanheaBwitched

baseband sigpal r2(i) be Q1(i) and 12(i tively. Let the in-ph t and th

umirature EABEFERR o TR R HEG R P Pags HESeshs BFes oo LRI an the

\n-phase compRIgRAShaF & ﬁéw@&%gpea%eﬁgwege@%s&ﬁg%wnﬂm% ) e 12() and
the uadratu

WO respectively. 25 Le in-phase component andthe e component of the Switched

baselznd sigunal ityi)dfepeop ared hiddriespantivehecadihihenin-girase arasnpanediRitstithgyagiadrature
component of the switched baseband signal r2(i) be Q1(i) and I2(i) respectively. Let the in-phase
componentighiapthibieuseleatedle REesHRgnGtthe Seiechien bekdbanarerneing2 MasEx1 GL s 12()

respectively, and the in-phase component and the quadrature component of the switched baseband

cional 1) BSTES RSN AbA ! B el rsEr P AL B ASHeNEAA 3 SRR ro

componentof th itched RekbSig (i 14 [ A in-phase

component aér)ld %é@@drat%?ﬁ%%nr%ner@? gﬁh%égsgvitc %%&%é@aﬁ%?ﬁaﬁi(i)ﬁ%%@%ﬁ Q2(i)

respectivelynhaidéadnt phask osdpeigal ankethe sypridiatuiethoo ponentisintharswisesd of

25  receiving and demodulating the first and the second transmission signal using a

demodulation method in accordance with a modulation method used on the base
modulated signal and the enhancement modulated signal and performing error

correction decoding to obtain data. In the reception method, when an encoded block
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10 baseband signal r2(i) be 11(i) and 12(i) respectively, and the in-phase component and the
guadrature component of the switched baseband signal r1(i) be Q2(i) and WO respectively. Let the
in-phase component and the quadrature component of the switched baseband signal r2(i) be 12(i) and
11(i) respectively, and the in-phase component and 15 the quadrature component of the switched
baseband signal ri(i) be Q2(i) and WO respectively. Let the in-phase component and the quadrature

componentRsiseteaswiiterrith@zessheniosighdate(iipaal iy aretQrd) fekingctheRymherthtdioishase

t and.th drat ft itched baseband si I r1(i) be I12(i d WO
orespectEIoE o HATTALES IR H % R AL SFAOBHAFT B RS GO baseband
signal r2(i) Eric%%&?}‘a n@g(l}vfﬁ?pe?%ﬁ%%éds% atr?ﬁe@-l Gre Rﬁ’mfh%”ggh%bq tgg_qH@dgﬂ}Hﬁtiomponent

of the switc aseband signal ri respectively. Let the in-phase component

and the quasteaBiimgonapetsihat teravitehechbasthansksignal IRdofoRdehandriidaeseectively,

and the in-phase component and the quadrature component of the switched baseband signal r1(i) be

12(i) anl Wheadpedityenf presotisgripstieisesdesripdhdiriaadremm duiadbruescdnepaiisheodihe
itched baseband signal r2(i) be. Q2(i) and I1(j ively, and the in- d th
quacrature SO D AL G M St 5 GEAS A ) VELBELB 8 ain the

above descriiofy SigAlsdD P HSANSIAP A BRAYEhARLIRPRIZCABERAN PRI crature

components 0 precoded signals'are switch present invention Is not limited in this way.

Signals in npeed toatratvsmittearssosdad e dulesodad: fndcaitiedntpl\eRerenpaneisrand gugdrature
components of the precoded signals may be switched. 10[1081] In the above example, switching

of the baseBafi@ ignalbeadiffiersagndeiweadCltd daahve[hbUaEy.((sub)carrier)) has been described,
but swi chirli('ﬁ ot limited to baseband signals at the same time. The following is an example of
anothll.' po Ity. 15 Let the in-phase component and the quadrature component of the switched

baseband signal r1(j [+ v e%néje j r i : in- d the
guadrature compon%nﬁl%%%ﬁg rév(\gntc e(? Eé%i%%ﬁ?@%@%'ﬁﬁﬁﬁ%gﬁ%%ﬁ +v r@p?eggtively. Let
the in-phas¢ogqateiriagtafidsthnduaskeduce teampession eighsl svditshdtdedbpasabasdisignal ri() be 11(i
+v) and 12(i + w) respectively, and the in-phase component and the quadrature component of the

switched bakatiemireigmapka@) ibe abidiffarpaineutpRis o vey réspweetiodigquancih8anchasetddtponent
and the quadrature component of the switched baseband signal r]@(i be | i+W% and (i + v)
ospect et AR 1 MRESD SanEse BRI ER G BRP AR Dihpi 5 S AT AR

basebgnd si ' Wit nd: [ ﬁ%e L in- RARPYRE, nd the
quad?%re%%ﬁn%%%@%@%ﬁég %ﬁ?@hgﬁég&ﬁy agnﬁfeﬁgil)age%bl ﬁé\@/gﬂagr%s ‘|§2t(| + wga?egétegctively, and

the in-phasei¢fenpgnfrohantidhbaguastieture corppreodst ottharmwsiteinedheseheant signal ri(i) be Q2(i
+ w) and Qi(i + v) respectively. Let the in-phase component and the quadrature component of the

switched basteaxiadsibyiaiateting 12(ipFesddng INatriy fsepeameng angluialib:pifageesasiiRtbonent and
the quadrature componéent of trée swﬁi?:ednﬁ?geband Sﬁna'lﬂlzg) be. Q2(i + an Qi:g]rlr Vg’éﬁa
respectivelﬂ‘%@??ﬁe%-pi’?éi% 0 H?ﬂp rit (iﬁ@edﬂa afyat 8 nta¥Bel8hited¥Whseband
Siona) 1) BRLHTOMAIA Q30 IEP RIS IR ARG I Aty shfacrature
component%f thelsx%)tr(ﬁé(f%aseébcand sigf?g% ;g?(%ébelﬁ%Qi [ +I V) ano?clg(mw w regﬁﬁl ely.

20 the first and the second transmission signal are generated from a signal in
accordance with the base modulated signal and from the precoded enhancement
modulated signal, the reception device receiving and demodulating the first and the
second transmission signal using a demodulation method in accordance with a
modulation method used on the base modulated signal and the enhancement

25 modulated signal and performing error correction decoding to obtain data. In the
reception device, when an encoded block based on the enhancement modulated
signal is precoded, letting the number of slots required to transmit the encoded block

as the first and the second transmission signal in accordance with a modulation
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Let the in-phase component and the quadrature component of the switched baseband signal ri(i) be
Q2(i + w) and li(i + v) respectively, and the in-phase component and the quadrature component of the
switched baseband signal r2(i) be 12(i + w) and Qi(i + v) respectively. 15 Let the in-phase component
and the quadrature component of the switched baseband signal r1(i) be Q2(i + w) and 11(i + v)
respectively, and the in-phase component and the quadrature component of the switched baseband

signal r2(i) beeid-be)Mnthe (umbprespbetivkikalite praeosiqh asriricas porichif tati o gaslirature
component of the switched 20 baseband_signal r2(i [I(i + v).and J2(i + w) respectively, and the
in-phase coﬂt}b%ign%ﬁa fﬂé%&&r&ﬁ%ﬂ@fé’ﬁﬂp%ﬂ%r%%b@m{gﬁég B %Iﬁ'&leﬁl}éﬁ Be Qi(i + v)
and Q2(i + ively, Le i : he
switched bﬁeh%?ﬁ(? ﬁgﬁllrz!ﬁ)%g%{(}ﬁ%@npﬁ?ﬁ gﬁv%iggggé&ﬁé?ﬁ%dr@%@m%ﬁa%ﬂesgé[\%wmponent
and the quadgaiure igarpeaedts tE (Ot esehastisentSiaum! théd kecRitfthe pndaRB(icf w)

respectively. Let the in-phase component and the quadrature component of the switched baseband
signal B2(i) beecbding/matdaexiis slloaaspe taibey Maatptheseddndsansoritibaencaderthiogksarature
component of the switched paseband signal ri(i) be Q2(i + w) and Qi(i + v) respectively. Let the

i phase coRRIGREATA A e Pt BB DAL e ML R GBRER G Bbe 15 + w)
and li(i + V)Jﬁ%%i\@b/t)?ﬂq the in-phase 5 component and the quadrature component of the
switched basebahd signal r1(i) be Q2(i + w) and Qi(i + v) respectively. Let the in-phase component
and the qugdodore component of the switched baseband signal r2(i) be 11(i + v) and Q2(i + w)

respectively, and the in-phase component and the quadrature component of the switched baseband
signal ri(i) beupplementayahaagation @spectively. Let the in-phase component and the quadrature

component of the switched baseband signal r2(i) he Ji(i + v) and Q2(i + w) respectively, and the
in-ph componerfv%l‘%ﬁ%nﬁ'u ahe%?g I I ?'é%ﬂ% émcﬁéaﬁltﬁ@w%%ﬁddrgfﬁ%%ﬂ%%%e Qi(i +v)

d 12(i + ively. 45| et the in- - fth
aitehed b o O R R B B e e
and the quaggatiise sippanens(isheshitahedebasebisattisigigahrd (inappgedi withaad &ifiainv)

respectively. Let the in-phase component and the quadrature component of the switched 20

baseband sipdulatOrbeeized) {0y A I8irean s espidéetieay Ad S WCIIth SeBASSIM PEeeIttiBgd the
guadrature component ofﬂﬂe switched baseband silgnal 1@ be Qifi + véand 12(i + w) respectively. Fig.
88 shows a LI - ElgHi SRiRLHG CADBBO o I ARE aNEer A0 EGARAERE <RbFin Fig, 85,
in preggded,haseh j -1 (1 ' Z22(] 0 I one nd the
:quadr%?ured%ompori;‘(r}rs}ti§c>é?ﬁw'€1=;g§p§rI géﬁ?@a‘%%@%ﬁ? gfn%@lﬂ?gggﬁ‘f @ﬁ?@? Ig?lgh%i%,%%s%ectively,
and the quagiaprceemannery g doeapiercodeg daseludntsigoaddddibeabhtiaignaliy AN h2(),

respectively. Letting the in-phase component and the quadrature component of the switched baseband

signal ri(i) 8803 anBeQx(() apectively répeistcass, hedaselanpasensneiismeat AagwtcbRbdrature
component of the switched baseband signal r2(i) 8803 2 be 1r2(i) and Qr2(i), respectively, then the
et oA ARG e SO e, B EoPL e G el D sBRE e Ciemal i)
8803_i and 5, tha.i £2(i )Qf.t itched
aseband ST O B D g e At oE T i ahis

exampie, swaiekingmé pardodedrbasebamksitregiatyhe pamdinieite) thernamdatet wiges
((sub)carrier)) has been described, but as described above, precoded baseband signals at different
times (or diffefeaspadingricdbe(suirhadidasgband signal ry(i) from transmit antenna 1 and a

modulated signal corresponding to the switched baseband signal r,(i) from transmit
antenna 2 at the same time and over the same frequency. Baseband components may
be switched as follows.

25 - Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be 1,(i) and Q,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r,(i) be I,(i) and Q(i)

respectively.
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10 may be switched. [1082] Furthermore, a modulated signal corresponding to the switched
baseband signal r1(i) 8803 _i and the switched baseband signal r2(i) 8803_2 may be transmitted from
different antennas at the same time and at the same frequency, for 15 example by transmitting a
modulated signal corresponding to the switched baseband signal r1(i) 8803 _i from antenna 1 and a
modulated signal corresponding to the switched baseband signal r2(i) 8803 _2 from antenna 2 at the

same time ankdéet the ém@%mpyngn@w@ﬂammr@rraowméthtba degtehssd in
Embodiments Ithrou h A4 in im ntl S|m| implemented as a precoding
methoctfor ESRIENY SORER U NERILn LSRR T e i
matrices, t recodlng
matrices" |%§e%§r%r%]§s&cr pt %l%ﬁ samV\HE %@%&g \{\Q{ﬁgr bodﬁ@rﬁs a The

following is espépimentary explanation regarding a plurality of different precoding matrices. [1084]
Let N precoding matrices be represented as F[0], F[1], F[2],F[N - 3], F[N - 2], F[N - 1] for a precoding
method for relelatiesiitohnsg mmeempteaodidbemamdé@;um tisepeRethefplealiyidekitierent

precoding atrices” referre qQve are assymed to satisfy the foIIowm two condltlons( ondition *1
B e SconmiBERPES OB ki Bl o oR 16&%0% SRS PRGSE Gompanentygnds N . -

b e S o T R
respectively.
- Let the in-phase component and the quadrature component of the switched
10  baseband signal ry(i) be 15(i) and I,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r,(i) be Qy(i) and Q(i)
respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be I,(i) and 1,(i) respectively, and the in-phase component and
15 the quadrature component of the switched baseband signal r,(i) be Q,(i) and Q.(i)
respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be 1,(i) and Q,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r,(i) be Qy(i) and 1,(i)
20  respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be Q,(i) and I,(i) respectively, and the in-phase component and
the gquadrature component of the switched baseband signal r,(i) be I,(i) and Q(i)
respectively.
25 - Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be Q,(i) and I,(i) respectively, and the in-phase component and
the gquadrature component of the switched baseband signal r,(i) be Qq(i) and Ix(i)

respectively.
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F[x] = k x F[y] Letting x be an integer from O to N - 1, y be an integer from 0 to N - 1, an
all x and all y, no real or complex number k satisfying the above equation 20exists. [1088]
following is a supplementary explanation using a 2 x 2 matrix as an example. Let 2 x 2 matrices R, S

be represented as follows. [1089] 25 Math 306 [1090] Math 307 fe 5=k _g h 5[1091]

dx#y, for
The

Leta=

AC1611, b = Bej612, C = Cej621, and d = DC1622, and e = Lend% f = Fel2, g = Ge'721, and h =
Hen'22. A, B,l@t DhE, iR- mbasmec&nmn@m AnEhees Quadpibste CaEoBENt S B2 svached!, y12, y21,

SRR e 1k S0 oo AL obhg Pt G PRRATER wherein
cand 4 e o I e (D QAT

zero; or (4) @dpetgiglgnd a, b, and c are not zero. [1093] In the system example in the description of
the present invention, a communications system using a MIMO method was described, wherein two
moduldted sigr&ilsﬂwelﬂﬂﬂlTQﬁﬁitt@@mmﬂemoa@dteﬁﬁﬁagla%dlaéuéerem‘ﬂmwttwi) 2oeapveiteles The

and y21 ar
a#e, (2)b
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the quadrature component of the switched baseband signal r,(i) be Q.(i) and Q(i)
respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal r,(i) be 1,(i) and I,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal ry(i) be Qy(i) and Qq(i)
respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal r,(i) be I,(i) and 1,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal ry(i) be Qy(i) and Qq(i)
respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal r,(i) be 1,(i) and Q,(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal ry(i) be I(i) and Qq(i)
respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal r,(i) be 1,(i) and Q,(i) respectively, and the in-phase component and
the gquadrature component of the switched baseband signal r(i) be Q4(i) and Ix(i)
respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal r,(i) be Q,(i) and I,(i) respectively, and the in-phase component and
the gquadrature component of the switched baseband signal r(i) be I,(i) and Q(i)

respectively.
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the case of a MISO method, adoption of a precoding method for regularly switching between a plurality
of precoding matrices in the transmission device is the same as described above. On the other hand,
the reception device is not provided with the 25 antenna 701 Y, the wireless unit 703 Y, the channel
fluctuation estimating unit 707_i for the modulated signal zl, or the channel fluctuation estimating unit
707_2 for the modulated signal z2. In this case as well, however, the processing detailed in the
present deschigtiothenal-pbageriermponent e atbad siaagtaturaitcanppriestirahsings sioichedce. Note

that it is widel _th lity of si st ift t th f d th ti

con be roca B bHITAME P et GLEBIOH HEr SR Al AL OB R .
nbe B iy S Bpdtorm

e Sgnal e T e R ARy oo IS e D ceration.

the precodipgspaetivedlfor regularly switching that is used at the transmitting end. [Industrial
Applicability] 10[1094] The present invention is widely applicable to wireless systems that transmit

differelt modulated!gigirirbAdendassNipaiay, ¢l giatsninaly e stitaBa OFBAdad Madsysdiase
Furthermore, in a wired communication system with a plurality of transmission locations (such as a
power Line e BIRPRGRISEATSH Q43 WS ERTRASTRRLP 1o (B RYEHACEHoH SRR ATC HPIETER Stfiscriber
Line (DSL) ti ti Vi d ' [ ity of
transmissioﬁyﬁ)@fﬁ%ﬁg @r%gﬁ%se tlg\ﬁg}nsﬁrr?w] i?%apﬁﬁﬁgﬂg/%gé% ogg)%%{tlg si@nag S %E%ﬁ%oﬁ%egg@gthe
present invemdipe/praqstidaiemgignaimetyaséseopepBaasiAiat duemraunle reditipohearsafisson
locations. 20[Reference Signs List] 302A, 302B encoder 304A, 304B interleaver 306A, 306B mapper
314 weightipgoortaaeigoalserratsyvitaieds 308A, 308B weighting unit 310A, 310B wireless unit
312A,1:8128[ ﬁgléﬁma 402 encoder 404 distribution unit

In the above example, switching of the baseband signals at the same time
(or the same frequency ((sub)carrier)) has been described, but switching is not
limited to baseband signals at the same time. The following is an example of another
possibility.

15 - Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be I,(i + v) and Q,(i + w) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r,(i) be
I,(i + w) and Q,(i + v) respectively.

- Let the in-phase component and the quadrature component of the switched

20  baseband signal ri(i) be I,(i + v) and I,(i + w) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r,(i) be
Qu(i +v) and Q,(i + w) respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be I,(i + w) and I,(i + v) respectively, and the in-phase

25 component and the quadrature component of the switched baseband signal r,(i) be
Qu(i +v) and Q,(i + w) respectively.

- Let the in-phase component and the quadrature component of the switched

baseband signal ry(i) be I;(i + v) and I,(i + w) respectively, and the in-phase
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504#1, 504#2 transmit antenna 505#1, 505#2 receive antenna 600 weighting unit 5 703_X wireless
unit 70i _X antenna 705_i channel fluctuation estimating unit 705_2 channel fluctuation estimating unit
707 _i channel fluctuation estimating unit 10 707_2 channel fluctuation estimating unit 709 control
information decoding unit 711 signal processing unit 803 INNER MIMO detector 805A, 805B
log-likelihood calculating unit 15 807A, 807B deinterleaver 809A, 809B log-likelihood ratio calculating
unit 811A, SIBEBENtNdsdfitiItdadtderesaBAPSISE itéhieavdiches basehgadiaigralndiesghting
coefficient generating unit 901 S(gft-in/sof_t-o t decoder 903 distribution unit 1301A, 1301B OFDM
related prodedddr WhabA Qg X sréﬁﬁ?lﬁb\{%ilj}’el converter 25 1404A, 1404B reordering unit 1406A,

b e SR O MRS AR B IRARg oo
baseband signal ry(i) be I,(i + w) and I,(i + v) respectively, and the in-phase
5 component and the quadrature component of the switched baseband signal r,(i) be
Q,(i + w) and Q.(i + v) respectively.
- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be I.(i + v) and Q,(i + w) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r,(i) be

10  Qq(i +v)and I,(i +w) respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be Q,(i + w) and I,(i + v) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r,(i) be
I,(i + w) and Q,(i + v) respectively.

15 - Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be Q,(i + w) and Iy(i + v) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r,(i) be
Q. (i +v) and I,(i + w) respectively.

- Let the in-phase component and the quadrature component of the switched

20  baseband signal r,(i) be I,(i + v) and I,(i + w) respectively, and the in-phase
component and the quadrature component of the switched baseband signal ry(i) be
Qu(i +v) and Q,(i + w) respectively.

- Let the in-phase component and the quadrature component of the switched
baseband signal ry(i) be I,(i + w) and I,(i + v) respectively, and the in-phase

25 component and the quadrature component of the switched baseband signal ry(i) be
Qu(i +v) and Q,(i + w) respectively.

- Let the in-phase component and the quadrature component of the switched

baseband signal ry(i) be I;(i + v) and I,(i + w) respectively, and the in-phase
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1. A precoding method for generating, from a plurality of baseband signals, a plurality of precoded
signals to be transmitted over the same frequency bandwidth at the same time, comprising the steps
of: bselecting a matrix FM from among N matrices while switching between the N matrices, the N
matrices defining precoding performed on the plurality of baseband signals, i being an integer from 0
to N - 1, and N being an integer at least two; and generating a first precoded signal z 1 and a second
precoded sigapapesy andptee oiady atbraceonpansaiiihtiitesvélebast hasabanENigndr i (hhbeband
signal s1 generat%fro a grst lurality of hits and a second baseband signal s2 generated from a
second plufgaty o i@,g;% ENESERRFBINER and a second encoded block being generated

especiively a5, 1Sl IS AOF 1 SHEEA AWARIY SUBIRNEND A PiREIGAnes o

correction block encoding method Irst aseb signal s 1 the second baseband signal s2

being genetpigbapapsiginae!y {iprbéhe first anpaged Rock andrtRpaerend enepdes Moghae have M
symbols each, the first precoded signal zI and the second precoded signal z2 being generated to have
M slotbeactopypprenbding thedruadtiative ednmeonest fséieaswitahedibasahanthsigaabrdibiseband

[ ast twq, 20the first precoded signal z 1 and the second precoded

signal s2, M_being an ir(ie ratle

signal z2 sacaé&/i”ng&at‘?@ &%Z'HBIY 1pSPSCHVERi1 (s, 52)T. 2. A precoding apparatus for generating,
from a plurality ©f pasep: 9 ral| r ign Itte e same
frequenc; ba{%@vi% gﬁ ?@%1% segrﬁg%]r%@ ?gﬁgﬁgn%[%%&a@ ge%m%‘q?rﬁﬁ)ﬁ;m?n %’eﬁr\rgﬁgﬁon unit

configured tsaseianti asiyadlix N e, among Nriagiges-whersypiéctingyheingandhm ragtrices, the
N matrices defining precoding performed on the plurality of baseband signals, i being an integer from

0to N - 1, ardnRaseitigead e geiedtasastaapponenrt weidietiswitahied hasgorad togehertiebs first

precoded signal zl and a s .cong recoded signal z2 by precoding, in accordance with the selected
matrij‘ng, 'ﬂ"ré’f’)o%%%&iZWsY H%?E%té\f?é}’ated from a first plurality of bits and a second baseband

signal s2 genetatedfram c ity itg; j i rg,'& Ha jgured to
generate a firgﬁﬁﬁgd@ﬁ;@ﬁ g@%p%%@? pﬁciat}i@eof%?s&ﬁ% gg(@?ﬁ%ﬁtg?jer?g;oc a@ %ﬁe second
plurality of bifselsing sigreretebeet @rrongomettonbleck enegstiogvelgthadd and Hophasepper
configured to generate a baseband signal with M symbols from the first encoded block and a
baseband sigAHIGNRAtNANS hecIsI AcAiLIFRe coBpaieahebdbe Brvitknad basehamd ipigitfdriati)ebst two,
the first precoded signal and the second precoded signal z2 satisfying the equation (zl, z2)T =
Flil(sl, 52)Ts g}‘]ﬂ ﬁ%@ |g%ﬁad%9ﬁ(§@ﬁ ating precoded signals with M slots by precoding a

o A SR SRR HRRSR ar et o
baseband signal r,(i) be Q,(i + w) and Iy(i + v) respectively, and the in-phase
component and the quadrature component of the switched baseband signal ry(i) be
I,(i + w) and Q,(i + v) respectively.
- Let the in-phase component and the quadrature component of the switched
20  baseband signal ry(i) be Q,(i + w) and I(i + v) respectively, and the in-phase
component and the quadrature component of the switched baseband signal ry(i) be

Qu(i +v) and I,(i + w) respectively.
Fig. 88 shows a baseband signal switching unit 8802 to illustrate the above
example. As shown in Fig. 88, in precoded baseband signals z,(i) 8801 1 and z,(i)
25 8801 2, the in-phase component | and the quadrature component of the precoded
baseband signal z;(i) 8801 1 are I,(i) and Qq(i), respectively, and the quadrature
component of the precoded baseband signal z,(i) 8801 2 are I,(i) and Q,(i),

respectively. Letting the in-phase component and the quadrature component of the
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switched baseband signal ry(i) 8803 _1 be Ir(i) and Qry(i), respectively, and the
in-phase component and the quadrature component of the switched baseband signal
r,(1) 8803_2 be Ir,(i) and Qry(i), respectively, then the in-phase component Iry(i) and
the quadrature component Qr,(i) of the switched baseband signal r,(i) 8803_1 and
the in-phase component Ir,(i) and the quadrature component Qr,(i) of the switched
baseband signal r,(i) 8803 2 are expressed as one of the values described above.
Note that in this example, switching of precoded baseband signals at the same time
(or the same frequency ((sub)carrier)) has been described, but as described above,
precoded baseband signals at different times (or different frequencies ((sub)carriers))
may be switched.

[1082]

Furthermore, a modulated signal corresponding to the switched baseband
signal ry(i) 8803 _1 and the switched baseband signal r,(i) 8803 2 may be
transmitted from different antennas at the same time and at the same frequency, for
example by transmitting a modulated signal corresponding to the switched baseband
signal ry(i) 8803 1 from antenna 1 and a modulated signal corresponding to the
switched baseband signal r,(i) 8803 2 from antenna 2 at the same time and at the
same frequency.

[1083]

The symbol arrangement method described in Embodiments Al through A4
and in Embodiment 1 may be similarly implemented as a precoding method for
regularly switching between precoding matrices using a plurality of different
precoding matrices, the precoding method differing from the “method for switching
between different precoding matrices” in the present description. The same holds
true for other embodiments as well. The following is a supplementary explanation
regarding a plurality of different precoding matrices.

[1084]

292



10

15

20

25

Let N precoding matrices be represented as F[0], F[1], F[2], ..., F[N - 3],
FIN - 2], F[N - 1] for a precoding method for regularly switching between precoding
matrices. In this case, the “plurality of different precoding matrices” referred to
above are assumed to satisfy the following two conditions (condition *1 and
condition *2).
[1085]
Math 304
Condition *1

FIx] #F[y] forvx, vVy(x,y=0,1,2,...,N-3,N-2,N-1;x#Y)

[1086]

It follows from Condition *1 that “(letting x be an integer fromO0to N -1,y
be an integer from 0 to N - 1, and X # y) for all x and all y, F[x] # F[y]”.
[1087]
Math 305
Condition *2

F[IX] =k x Fly]

Letting x be an integer from 0 to N - 1, y be an integer from 0 to N - 1, and
X #y, for all x and all y, no real or complex number k satisfying the above equation
exists.
[1088]

The following is a supplementary explanation using a 2 x 2 matrix as an
example. Let 2 x 2 matrices R, S be represented as follows.
[1089]
Math 306

2
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[1090]
Math 307

i

[1091]

Leta= Ae®' b =Be®? ¢ =Ce™, and d = D" and e = Ee""!, f = Fe"?,
g=Ge" and h=He". A B, C,D,E,F, G, and H are real numbers 0 or greater,
and o011, 612, 821, 021, y11, y12, y21, and y21 are expressed in radians. In this case,
R # S means that at least one of the following holds: (1) a#e, 2)b#f, 3)c#g,
and (4) d #h.

[1092]

A precoding matrix may be the matrix R wherein one of a, b, ¢, and d is
zero. In other words, the precoding matrix may be such that (1) a is zero, and b, c,
and d are not zero; (2) b is zero, and a, ¢, and d are not zero; (3) c is zero, and a, b,
and d are not zero; or (4) d is zero, and a, b, and c are not zero.

[1093]

In the system example in the description of the present invention, a
communications system using a MIMO method was described, wherein two
modulated signals are transmitted from two antennas and are received by two
antennas. The present invention may, however, of course also be adopted in a
communications system using a Multiple Input Single Output (MISO) method. In
the case of a MISO method, adoption of a precoding method for regularly switching
between a plurality of precoding matrices in the transmission device is the same as
described above. On the other hand, the reception device is not provided with the
antenna 701_Y, the wireless unit 703_Y, the channel fluctuation estimating unit
707_1 for the modulated signal z1, or the channel fluctuation estimating unit 707_2

for the modulated signal z2. In this case as well, however, the processing detailed in
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the present description may be performed to estimate data transmitted by the
transmission device. Note that it is widely known that a plurality of signals
transmitted at the same frequency and the same time can be received by one antenna
and decoded (for one antenna reception, it suffices to perform calculation such as
ML calculation (Max-log APP or the like)). In the present invention, it suffices for
the signal processing unit 711 in Fig. 7 to perform demodulation (detection) taking
into consideration the precoding method for regularly switching that is used at the
transmitting end.

[Industrial Applicability]

[1094]

The present invention is widely applicable to wireless systems that transmit
different modulated signals from a plurality of antennas, such as an OFDM-MIMO
system. Furthermore, in a wired communication system with a plurality of
transmission locations (such as a Power Line Communication (PLC) system, optical
communication system, or Digital Subscriber Line (DSL) system), the present
invention may be adapted to MIMO, in which case a plurality of transmission
locations are used to transmit a plurality of modulated signals as described by the
present invention. A modulated signal may also be transmitted from a plurality of
transmission locations.

[Reference Signs List]

302A, 302B encoder

304A, 304B interleaver

306A, 306B mapper

314 weighting information generating unit
308A, 308B weighting unit

310A, 310B wireless unit

312A, 312B antenna

402 encoder
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404 distribution unit

504#1, 504#2 transmit antenna

505#1, 505#2 receive antenna

600 weighting unit

703_X wireless unit

701_X antenna

705_1 channel fluctuation estimating unit
705_2 channel fluctuation estimating unit
707_1 channel fluctuation estimating unit
707_2 channel fluctuation estimating unit
709 control information decoding unit

711 signal processing unit

803 INNER MIMO detector

805A, 805B log-likelihood calculating unit
807A, 807B deinterleaver

809A, 809B log-likelihood ratio calculating unit
811A, 811B soft-in/soft-out decoder

813A, 813B interleaver

815 storage unit

819 weighting coefficient generating unit
901 soft-in/soft-out decoder

903 distribution unit

1301A, 1301B OFDM related processor
1402A, 1402A serial/parallel converter
1404A, 1404B reordering unit

1406A, 1406B inverse Fast Fourier transformer
1408A, 1408B wireless unit

2200 precoding weight generating unit
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2300 reordering unit
4002 encoder group

297



10

15

20

25

CLAIMS

1. A precoding method for generating, from a plurality of baseband signals, a
plurality of precoded signals to be transmitted over the same frequency bandwidth at
the same time, comprising the steps of:

selecting a matrix F[i] from among N matrices while switching between the
N matrices, the N matrices defining precoding performed on the plurality of
baseband signals, i being an integer from 0 to N — 1, and N being an integer at least
two; and

generating a first precoded signal z1 and a second precoded signal z2 by
precoding, in accordance with the selected matrix F[i], a first baseband signal sl
generated from a first plurality of bits and a second baseband signal s2 generated
from a second plurality of bits, a first encoded block and a second encoded block
being generated respectively as the first plurality of bits and the second plurality of
bits using a predetermined error correction block encoding method, the first
baseband signal s1 and the second baseband signal s2 being generated respectively
from the first encoded block and the second encoded block to have M symbols each,
the first precoded signal z1 and the second precoded signal z2 being generated to
have M slots each by precoding a combination of the first baseband signal s1 and the
second baseband signal s2, M being an integer at least two,

the first precoded signal z1 and the second precoded signal z2 satisfying the

equation (z1, z2)" = F[i](s1, s2)".

2. A precoding apparatus for generating, from a plurality of baseband signals, a
plurality of precoded signals to be transmitted over the same frequency bandwidth at
the same time, comprising:

a weighting information generation unit configured to select a matrix F[i]

from among N matrices while switching between the N matrices, the N matrices
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defining precoding performed on the plurality of baseband signals, i being an integer
from 0 to N - 1, and N being an integer at least two;

a weighting unit configured to generate a first precoded signal z1 and a
second precoded signal z2 by precoding, in accordance with the selected matrix F[i],
a first baseband signal s1 generated from a first plurality of bits and a second
baseband signal s2 generated from a second plurality of bits;

an error correction coding unit configured to generate a first encoded block
as the first plurality of bits and a second encoded block as the second plurality of
bits using a predetermined error correction block encoding method; and

a mapper configured to generate a baseband signal with M symbols from
the first encoded block and a baseband signal with M symbols from the second
encoded block, M being an integer at least two,

the first precoded signal z1 and the second precoded signal z2 satisfying the
equation (z1, z2)" = F[i](s1, s2)", and

the weighting unit generating precoded signals with M slots by precoding a
combination of the baseband signal generated from the first encoded block and the

baseband signal generated from the second encoded block.
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