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DESCRIPTION 

[Title of Invention] 

TRANSMISSION METHOD, TRANSMISSION DEVICE, RECEPTION 

METHOD, AND RECEPTION DEVICE 

[Technical Field] 5 

[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, 

drawings, and abstracts thereof, are incorporated herein by reference in their 10 

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 

device that in particular perform communication using a multi-antenna. 15 

[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 

which MIMO is representative, multiple transmission signals are each modulated, 20 

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 

device when the number of transmit antennas is two, the number of receive antennas 25 

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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transmission signals, and the transmission signals are transmitted from antennas. In 

this case, the method for simultaneously transmitting different modulated signals 

from different transmit antennas at the same time and at the same frequency is 

spatial multiplexing MIMO. 

[0005] 5 

 In this context, it has been suggested in Patent Literature 1 to use a 

transmission device provided with a different interleave pattern for each transmit 

antenna. In other words, the transmission device in Fig. 28 would have two different 

interleave patterns with respective interleaves (πa, πb). As shown in Non-Patent 

Literature 1 and Non-Patent Literature 2, reception quality is improved in the 10 

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 

include non-line of sight (NLOS), of which a Rayleigh fading environment is 15 

representative, and line of sight (LOS), of which a Rician fading environment is 

representative. When the transmission device transmits a single modulated signal, 

and the reception device performs maximal ratio combining on the signals received 

by a plurality of antennas and then demodulates and decodes the signal resulting 

from maximal ratio combining, excellent reception quality can be achieved in an 20 

LOS environment, in particular in an environment where the Rician factor is large, 

which indicates the ratio of the received power of direct waves versus the received 

power of scattered waves. However, depending on the transmission system (for 

example, spatial multiplexing MIMO system), a problem occurs in that the reception 

quality deteriorates as the Rician factor increases (see Non-Patent Literature 3). 25 

 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 

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 signal, and the reception device performs maximal ratio combining on the signals received
by a plurality of antennas and then demodulates and decodes the signal resulting 20 from maximal
ratio combining, excellent reception quality can be achieved in an LOS environment, in particular in an
environment where the Rician factor is large, which indicates the ratio of the received power of direct
waves versus the received power of scattered waves. However, depending on the transmission
system (for example, spatial multiplexing 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 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  and transmitted over a 2 x 2 (two transmit antennas, two receive antennas)
spatial multiplexing MIMO system in a Rayleigh fading environment and in a Rician fading environment
with Rician factors of K = 3, 10, and 16 dB. Fig. 29A shows the BER characteristics of Max-log A
Posteriori Probability (APP) without iterative detection 5 (see Non-Patent Literature 1 and Non-Patent
Literature 2), and Fig. 29B shows the BER characteristics of Max-log-APP with iterative detection (see
Non-Patent 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 MEMO 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 describes a method to select a codebook used in precoding (i.e. a precoding
matrix, also referred to as a precoding weight matrix) based on feedback information from a
communication partner. Non-Patent Literature 8 does not at all disclose, however, a method for
precoding in an 5 environment in which feedback information cannot be acquired from the
communication partner, such as in the above broadcast or multicast communication. [0009]       On the
other hand, Non-Patent Literature 4 discloses a method for switching 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] 
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and transmitted over a 2 × 2 (two transmit antennas, two receive antennas) spatial 

multiplexing MIMO system in a Rayleigh fading environment and in a Rician fading 

environment with Rician factors of K = 3, 10, and 16 dB. Fig. 29A shows the BER 

characteristics of Max-log A Posteriori Probability (APP) without iterative detection 

(see Non-Patent Literature 1 and Non-Patent Literature 2), and Fig. 29B shows the 5 

BER characteristics of Max-log-APP with iterative detection (see Non-Patent 

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 

the Rician factor increases. It is thus clear that the unique problem of “degradation 10 

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. 

[0007] 15 

 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 

above problem for broadcast or multicast communication, a situation may occur in 20 

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 

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

quality. 

[0008] 

[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 spatial multiplexing systems under Rician fading channels", IEICE Trans. Fundamentals, vol.
E91-A, no. 10, pp. 2798-2807, Oct. 2008. [Non-Patent Literature 4]            "Turbo space-time codes
with time varying linear transformations", IEEE 10Trans. Wireless communications, vol. 6, no. 2, pp.
486-493, Feb. 2007. [Non-Patent Literature 5]        "Likelihood function for QR-MLD suitable for
soft-decision turbo decoding and its performance", IEICE Trans. Commun., vol. E88-B, no. 1, pp.
47-57, Jan. 2004. 15[Non-Patent Literature 6]        "A tutorial on 'parallel concatenated (Turbo) coding',
'Turbo (iterative) decoding' and related topics", The Institute of Electronics, Information, and
Communication Engineers, Technical Report IT 98-51. [Non-Patent Literature 7] 20"Advanced signal
processing for PLCs: Wavelet-OFDM", Proc. of IEEE International symposium on ISPLC 2008,
pp.187-192,2008. 
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 Non-Patent Literature 8 describes a method to select a codebook used in 

precoding (i.e. a precoding matrix, also referred to as a precoding weight matrix) 

based on feedback information from a communication partner. Non-Patent 

Literature 8 does not at all disclose, however, a method for precoding in an 

environment in which feedback information cannot be acquired from the 5 

communication partner, such as in the above broadcast or multicast communication. 

[0009] 

 On the other hand, Non-Patent Literature 4 discloses a method for switching 

the precoding matrix over time. This method can be applied even when no feedback 

information is available. Non-Patent Literature 4 discloses using a unitary matrix as 10 

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 

no mention whatsoever of a precoding method, or a structure of a precoding matrix, 15 

for remedying degradation of reception quality in an LOS environment. 

[Citation List] 

[Patent Literature] 

[0010] 

[Patent Literature 1] 20 

 WO 2005/050885 

[Non-Patent Literature] 

[0011] 

[Non-Patent Literature 1] 

 “Achieving near-capacity on a multiple-antenna channel”, IEEE Transaction 25 

on Communications, vol. 51, no. 3, pp. 389–399, Mar. 2003. 

[Non-Patent Literature 2] 

[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 terrestrial digital television standard DVB-T2", IEEE Commun. Magazine, vol. 47, no.
10, pp. 146-153, Oct. 2009. [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 20and 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]          It is an object of the present invention to provide a MIMO
system that improves reception quality in an LOS environment. [Solution  to Problem] [0013] 
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 “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] 

 “BER performance evaluation in 2 × 2 MIMO spatial multiplexing systems 5 

under Rician fading channels”, IEICE Trans. Fundamentals, vol. E91-A, no. 10, pp. 

2798–2807, Oct. 2008. 

[Non-Patent Literature 4] 

 “Turbo space-time codes with time varying linear transformations”, IEEE 

Trans. Wireless communications, vol. 6, no. 2, pp. 486–493, Feb. 2007. 10 

[Non-Patent Literature 5] 

 “Likelihood function for QR-MLD suitable for soft-decision turbo decoding 

and its performance”, IEICE Trans. Commun., vol. E88-B, no. 1, pp. 47–57, Jan. 

2004. 

[Non-Patent Literature 6] 15 

 “A tutorial on ‘parallel concatenated (Turbo) coding’, ‘Turbo (iterative) 

decoding’ and related topics”, The Institute of Electronics, Information, and 

Communication Engineers, Technical Report IT 98-51. 

[Non-Patent Literature 7] 

 “Advanced signal processing for PLCs: Wavelet-OFDM”, Proc. of IEEE 20 

International symposium on ISPLC 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. 

2967–2976, Aug. 2005. 25 

[Non-Patent Literature 9] 

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; and generating a first precoded signal zl 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  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 s 1 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 zl
and the second precoded signal z2 20 being generated to have M slots each by precoding a
combination of the first baseband signal sl and the second baseband signal s2, M being an integer at
least two, the first precoded signal zl and the second precoded signal z2 satisfying the equation (zl,
z2)T = F[i](sl, 52)T. [0014] 25Another 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 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; a weighting unit configured to generate a first precoded
signal z 1 and a second precoded signal z2 by precoding, in accordance  5 with the selected matrix
F[i], a first baseband signal s 1 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 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 zl
and the second precoded signal z2 satisfying the equation (zl, z2)T = 52)T, 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  remedy degradation of reception quality in an LOS
environment, thereby providing high-quality service to LOS users during broadcast or multicast
communication. [Brief Description of Drawings] 
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 DVB Document A122, Framing structure, channel coding and modulation 

for a second generation digital terrestrial television broadcasting system, (DVB-T2), 

Jun. 2008. 

[Non-Patent Literature 10] 

 L. Vangelista, N. Benvenuto, and S. Tomasin, “Key technologies for 5 

next-generation terrestrial digital television standard DVB-T2”, IEEE Commun. 

Magazine, vol. 47, no. 10, pp. 146–153, Oct. 2009. 

[Non-Patent Literature 11] 

 T. Ohgane, T. Nishimura, and Y. Ogawa, “Application of space division 

multiplexing and those performance in a MIMO channel”, IEICE Trans. Commun., 10 

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. 

[Non-Patent Literature 13] 15 

 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 

and modulation systems for broadcasting, interactive services, news gathering and 20 

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 

802.16e standards”, IEEE VTC-2007 Fall, pp. 1255–1259. 25 

[Summary of Invention] 

[Technical Problem] 

[0012] 

[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 hopping between precoding weights. Fig. 7 is an example of the structure of a reception
device. 15Fig. 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. 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 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.  Figs. 18A and 18B are examples of a
frame structure. Figs. 19A and 19B are examples of a frame structure. Fig. 20 shows positions of poor
reception quality points. Fig. 21 shows positions of poor reception quality points. 5Fig. 22 is an
example of a frame structure. Fig. 23 is an example of a frame structure. 
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 It is an object of the present invention to provide a MIMO system that 

improves reception quality in an LOS environment. 

[Solution to Problem] 

[0013] 

 In order to solve the above problems, an aspect of the present invention is a 5 

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 10 

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 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 

encoded block being generated respectively as the first plurality of bits and the 15 

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 20 

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)T = F[i](s1, s2)T. 

[0014] 

 Another aspect of the present invention is a precoding device for generating, 25 

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 

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 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. 20Fig. 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. 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. 41 is an example of the frame structure of a modulated signal transmitted by the transmission
device. Figs. 42A and 42B show positions of poor reception points. Figs. 43A and 43B show positions
of poor reception points. 5Figs. 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. 
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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; 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 5 

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 10 

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)T = F[i](s1, s2)T, 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 15 

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 

that among a plurality of precoding matrices, a precoding matrix used for at least 20 

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. 

[Advantageous Effects of Invention] 25 

[0016] 

 With the above structure, the present invention provides a transmission 

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

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 of the OFDM related processors (5207_i 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. 25Fig. 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. 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. 5Fig. 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 10signals when adopting hierarchical
transmission. 
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remedy degradation of reception quality in an LOS environment, thereby providing 

high-quality service to LOS users during broadcast or multicast communication. 

[Brief Description of Drawings] 

[0017] 

 Fig. 1 is an example of the structure of a transmission device and a 5 

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. 

 Fig. 4 is an example of the structure of a transmission device when adopting 10 

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. 

 Fig. 8 is an example of the structure of a signal processing unit in a 15 

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. 

 Fig. 11 is an example of reception conditions. 20 

 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 

adopting a method of hopping between precoding weights. 25 

 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. 

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 when adopting hierarchical transmission. 20Fig. 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 25baseband signals.        Figs. 74A and
74B are examples of arrangements of symbols in modulated signals when adopting hierarchical
transmission.           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. 5Fig. 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. 10Fig. 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.
15Fig. 83 shows the structure of a TS packet and a source packet in 
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 Figs. 18A and 18B are examples of a frame structure. 

 Figs. 19A and 19B are examples of a frame structure. 

 Fig. 20 shows positions of poor reception quality points. 

 Fig. 21 shows positions of poor reception quality points. 

 Fig. 22 is an example of a frame structure. 5 

 Fig. 23 is an example of a frame structure. 

 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. 

 Fig. 27 is an example of a method for reordering symbols. 10 

 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 × 2 MIMO spatial multiplexing MIMO system. 

 Figs. 31A and 31B show positions of poor reception points. 15 

 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. 

 Fig. 36 shows an example of minimum distance characteristics of poor 20 

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. 

 Figs. 39A and 39B show positions of poor reception points. 25 

 Fig. 40 is an example of the structure of a transmission device in 

Embodiment 7. 

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 describes the transmission method, transmission device, reception method, and
reception device of the present embodiment.  [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. 5Fig. 1 shows the structure of an Nt x N, spatial multiplexing MIMO
system. An information vector z is encoded and interleaved. As output of the interleaving, an encoded
bit vector u = (u1, uNt) is acquired. Note that u, = (u,,, u,m) (where M is the number of transmission
bits per symbol). Letting the transmission vector s = (s1, .., SOT and the transmission signal from
transmit antenna #1 be represented as  10 s, = map(u,), the normalized transmission energy is
represented as E{ 1s112} = Es/Nt (E, being the total energy per channel). Furthermore, letting the
received vector be y =) yNr T, the received vector is represented as in Equation 1. [0020] Math 1 15
Equation 1 y 6 21,. .'Y = H NtNr s+n [0021] In this Equation, FINN, is the channel matrix, n = (n1, ...,
nNr)r is the noise 
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 Fig. 41 is an example of the frame structure of a modulated signal 

transmitted by the transmission device. 

 Figs. 42A and 42B show positions of poor reception points. 

 Figs. 43A and 43B show positions of poor reception points. 

 Figs. 44A and 44B show positions of poor reception points. 5 

 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. 

 Figs. 48A and 48B are examples of a frame structure in the time and 10 

frequency domains. 

 Fig. 49 shows a signal processing method. 

 Fig. 50 shows the structure of modulated signals when using space-time 

block coding. 

 Fig. 51 is a detailed example of a frame structure in the time and frequency 15 

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. 

 Fig. 54 shows the structure of the OFDM related processors (5207_1 and 20 

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. 

 Fig. 57 shows the structure of the OFDM related processors (5600_X and 25 

5600_Y) in Fig. 56. 

 Figs. 58A and 58B are detailed examples of a frame structure in the time 

and frequency domains. 

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 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)= V(U1),*  /11(UNt)f 15[0025] Math 4 Equation 4 L(ui) =  20[0026]
Math 5 Equation 5  nu = +1) L(uu) = lnu [0027] <Iterative Detection Method> 5The following describes
iterative detection of MIMO signals in the Nt x spatial multiplexing MIMO system. The log-likelihood
ratio of u"," is defined as in Equation 6. 
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 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. 

 Fig. 62 is an example of the structure of a transmission device when 5 

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 

signals when adopting hierarchical transmission. 10 

 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. 

 Fig. 68 is an example of the structure of a transmission device when 15 

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. 

 Fig. 71 is an example of the structure of a transmission device when 20 

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 

baseband signals. 25 

 Figs. 74A and 74B are examples of arrangements of symbols in modulated 

signals when adopting hierarchical transmission. 

[0028] Math 6 10 Equation 6 L(umn I y) = 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  nin y) =P (3' I u mn
P(y I umn = +1)P(u inn = = -1)P(u inn = +l)/p(y) -1)/p(y)  +1)p(y I win= +1) + In -1)p(y I wpm= -1) +EU
p(y I u)p(u I win) + In m"' = -1)EU, p(y I u)p(u I utnn) m""  [0031] 
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 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. 

 Fig. 77 is an example of a modification of the number of symbols and of 5 

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. 

 Fig. 80 shows the structure of multiplexed data. 10 

 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. 

 Fig. 83 shows the structure of a TS packet and a source packet in 15 

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. 

 Fig. 87 is a structural diagram of a video display / audio output device. 20 

 Fig. 88 shows the structure of a baseband signal switching unit. 

[Description of Embodiments] 

[0018] 

 The following describes embodiments of the present invention with 

reference to the drawings. 25 

(Embodiment 1) 

 The following describes the transmission method, transmission device, 

reception method, and reception device of the present embodiment. 

Let U+] = {Mu., = 11. When approximating lnEaj - 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) ln+ max fln p(y lu)+P(u I thim)} P(umn = -1) Un211,-11 MaX fin P(Y 111) P(u
I 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   
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[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. 

 Fig. 1 shows the structure of an Nt × Nr spatial multiplexing MIMO system. 5 

An information vector z is encoded and interleaved. As output of the interleaving, an 

encoded bit vector u = (u1, …, uNt) is acquired. Note that ui = (ui1, …, uiM) (where M 

is the number of transmission bits per symbol). Letting the transmission vector s = 

(s1, …, sNt)T and the transmission signal from transmit antenna #1 be represented as 

si = map(ui), the normalized transmission energy is represented as E{|si|2} = Es/Nt 10 

(Es being the total energy per channel). Furthermore, letting the received vector be y 

= (y1, …, yNr)T, the received vector is represented as in Equation 1. 

[0020] 

Math 1 

Equation 1 15 

( )
ns

y

H +=

=

NtNr

Tyy Nr
   

1 ,,
 

 

[0021] 

 In this Equation, HNtNr is the channel matrix, n = (n1, …, nNr)T is the noise 

vector, and ni is the i.i.d. complex Gaussian random noise with an average value 0 20 

and variance σ2. 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. 

[0022] 25 

( L u 2 (ij)#(Inn) exp  + exp       [0035] Math 10 5 Equation 10 1nP(u I um) = ZlnP( tj  -1nP(u inn) 
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Math 2 
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[0023] 5 

 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. 

[0024] 10 

Math 3 

Equation 3 
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[0025] 15 

Math 4 

Equation 4 
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[0026] 20 

Math 5 

Equation 5 

[0036] Math 11 10 Equation 11      1 lnP( .)=-2utiP(uii) 1 ct -2 ttiii(ui.) L(u1)  2 i L(u ini, exp  + exp  22
2IL(ui1)1for     
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[0027] 

<Iterative Detection Method> 

 The following describes iterative detection of MIMO signals in the Nt × Nr 5 

spatial multiplexing MIMO system. 

The log-likelihood ratio of umn is defined as in Equation 6. 

[0028] 

Math 6 

Equation 6 10 
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[0029] 

 From Bayes’ theorem, Equation 6 can be expressed as Equation 7. 

[0030] 15 

Math 7 

Equation 7 

2      sign(L(u)) -1          
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[0031] 

 Let Umn,±1 = {u|umn = ±1}. When approximating lnΣaj ~ max ln aj, an 

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

symbol “~” indicates approximation. 

[0032] 

Math 8 

Equation 8 
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[0033] 

 P(u|umn) and ln P(u|umn) in Equation 8 are represented as follows. 

[0034] 

Math 9 15 

Equation 9 

[0037]           Incidentally, the logarithmic probability of the equation defined in Equation 2 is
represented in Equation 12. [0038] Math 12 5 Equation 12 \ 1 II2 1nP(y lu)= \ r1422-c  22o-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(uninl y) = ln ZU.,+1 exP{
20_1211Y -II s0-112 PnP(uu)}   Zurm_iexP{1211Y-}fis(u)112+Zinr(u..) 2a 15 [0041] 
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)()()|( uuu mn
ij

ijmn lnPlnPlnP −







= ∑u

 

 

[0036] 
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Equation 11 10 
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[0037] 

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 I y)zis max ttlf(u, y, L(u))}- max ttlf(u, y,
L(u))} Umn,+1Umn,-1 [0043] Math 15 5 Equation 15 1211y-Hs(u)112+ 2u           



19 

 Incidentally, the logarithmic probability of the equation defined in Equation 

2 is represented in Equation 12. 

[0038] 

Math 12 

Equation 12 5 
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[0039] 

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

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

[0042] 20 

Math 14 

Equation 14 

[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 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  (lEa, 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 (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, (ia, ja), (ib, jb) are represented by the
following Equations. 10[0047] Math 16 Equation 16 
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[0044] 

 Hereinafter, this is referred to as iterative Max-log APP decoding. The 

extrinsic information required in an iterative decoding system can be sought by 10 

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 × 2 spatial multiplexing MIMO system. 

There is an outer encoder for each of streams A and B. The two outer encoders are 15 

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 

coding, LDPC convolutional coding, and the like. Furthermore, each outer encoder 20 

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 

a (i a,=a(0ia,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 for sum-product decoding used in decoding of LDPC codes and for iterative detection of
MIMO signals in the reception device. [0050] 5Sum-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, ..., 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 
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(πa, πb). Here, the modulation scheme is 2h-QAM (with h bits transmitted in one 

symbol). 

[0045] 

 The reception device performs iterative detection on the above MIMO 

signals (iterative APP (or iterative Max-log APP) decoding). Decoding of LDPC 5 

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, (ia, ja), (ib, jb) are represented by the following Equations. 

[0047] 10 

Math 16 

Equation 16 

)()( ,Ω= a
jaiaaaa ji , π  

 

[0048] 15 

Math 17 

Equation 17 
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[0049] 20 

 In this case, ia, ib indicate the order of symbols after interleaving, ja, jb 

indicate the bit positions (ja, jb = 1, …, h) in the modulation scheme, πa, πb indicate 

the interleavers for the streams A and B, and Ωa
ia, ja, Ωb

ib, jb indicate the order of data 

in streams A and B before interleaving. Note that Fig. 2 shows the frame structure 

for ia = ib. 25 

<Iterative Decoding> 

B(n) fm := 11 mn [0053] 20In these Equations, A(m) represents the set of column indices of l'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 l,max.
22 Step A2 (row processing): the extrinsic value logarithmic ratio u, is updated for all combinations (m,
n) satisfying Fl, = 1 in the order of m = 1, 2, ..., M, using the following updating Equations. [0054] 5
Math 20 Equation 20 ((    [0055] 10 Math 21 Equation 21  sign(x)     
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 The following is a detailed description of the algorithms for sum-product 

decoding used in decoding of LDPC codes and for iterative detection of MIMO 

signals in the reception device. 

[0050] 

 Sum-Product Decoding 5 

 Let a two-dimensional M × N matrix H = {Hmn} 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] 

Math 18 10 

Equation 18 

}1:{)( =≡ H mnnmA  

 

[0052] 

Math 19 15 

Equation 19 
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[0053] 

 In these Equations, A(m) represents the set of column indices of 1’s in the 20 

mth 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 βmn = 0 for all 

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

of iterations) lsum = 1 and the maximum number of loops is set to lsum, max. 

[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 mnI a m'n m'EB(n)\m [0059] 10Step A4 (calculating a log-likelihood ratio): the
log-likelihood ratio L11 is sought for n e [1, N] by the following Equation. [0060] Math 24 Equation 24 
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Step A·2 (row processing): the extrinsic value logarithmic ratio αmn is updated for all 

combinations (m, n) satisfying Hmn = 1 in the order of m = 1, 2, …, M, using the 

following updating Equations. 

[0054] 

Math 20 5 

Equation 20 
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[0055] 

Math 21 10 

Equation 21 
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[0056] 

Math 22 15 

Equation 22 
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[0057] 

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

method of seeking λn is described in detail later. 

15 Ln= Eamn+ An m'cB(n)\rn [0061] Step A5 (count of the number of iterations): if Is,. < Lm, max, then
ls"", is incremented, and processing returns to step A2. If l= 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, na, Gtamana, Painana, Ana, and Lna, and the variables in stream B are mb,nb, a -bmbnla,
Pbmbnla, Anla, and Lb. <Iterative MIMO Signal Detection>            The following describes the method
of seeking Xi, in iterative MIMO signal 5detection in detail. [0063] The following Equation holds from
Equation 1. [0064] Math 25 10 Equation 25 y(t) =(y 1(0 ,Y 2(0)T = H22 (t)8(t) n (t) [0065]            The
following Equations are defined from the frame structures of Fig. 2 and 15 from Equations 16 and 17.
[0066] Math 26 Equation 26 a 
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Step A·3 (column processing): the extrinsic value logarithmic ratio βmn is updated 

for all combinations (m, n) satisfying Hmn = 1 in the order of n = 1, 2, …, N, using 

the following updating Equation. 

[0058] 

Math 23 5 

Equation 23 
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[0059] 

Step A·4 (calculating a log-likelihood ratio): the log-likelihood ratio Ln is sought for 10 

n ∈ [1, N] by the following Equation. 

[0060] 

Math 24 

Equation 24 
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[0061] 

Step A·5 (count of the number of iterations): if lsum < lsum, max, then lsum is 

incremented, and processing returns to step A·2. If lsum = lsum, max, the sum-product 

decoding in this round is finished. 20 

[0062] 

 The operations in one sum-product decoding have been described. 

Subsequently, iterative MIMO signal detection is performed. In the variables m, n, 

αmn, βmn, λn, and Ln, used in the above description of the operations of sum-product 

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{ 2a12 DY(ix)11 -22(ix)qu(ix)12} exP{ 2a121131(i X)11 
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decoding, the variables in stream A are ma, na, αa
mana, βa

mana, λna, and Lna, and the 

variables in stream B are mb,nb, αb
mbnb, βb

mbnb, λnb, and Lnb. 

<Iterative MIMO Signal Detection> 

 The following describes the method of seeking λn in iterative MIMO signal 

detection in detail. 5 

[0063] 

 The following Equation holds from Equation 1. 

[0064] 

Math 25 

Equation 25 10 
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[0065] 

 The following Equations are defined from the frame structures of Fig. 2 and 

from Equations 16 and 17. 15 

[0066] 

Math 26 

Equation 26 

Ω= a
jaiaan ,  

 20 

[0067] 

Math 27 

Equation 27 

-22(i X)S(U(i x12}     ET]   15 [0071] In iterative Max-log APP decoding: [0072] Math 29 20 Equation 29
Ado = max Itlf(u(ix),y(ix))}- max Itlf(u(ix),y(ix))} 'nxU 0,nx,+1U0,"",_1  [0073] Math 30 Equation 30 \1I I2
5 kif(11(ix), Y(ix))= 2o-211Y(ix)-H22(ix)s(u(ix))M [0074]          Here, let X = a, b. Then, assume that the
number of iterations of iterative MIMO signal detection is 1 0 = 0 and the maximum number of
iterations is set to 101 -Immo, max- 
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Ω= b
jbibbn ,  

 

[0068] 

 In this case, na,nb ∈ [1, N]. Hereinafter, λna, Lna, λnb, and Lnb, where the 

number of iterations of iterative MIMO signal detection is k, are represented as λk, na, 5 

Lk, na, λk, nb, and Lk, nb. 

[0069] 

 Step B·1 (initial detection; k = 0): λ0, na and λ0, nb are sought as follows in the 

case of initial detection. 

 In iterative APP decoding: 10 

[0070] 

Math 28 

Equation 28 
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[0071] 

 In iterative Max-log APP decoding: 

[0072] 

Math 29 

Equation 29 20 
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X
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[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 ) +ln ax jX
exP  12 c21131(iX )-H22(ix)0(ix))11 +P(usix, 1ii 20_21131(ix)-H22(ix)0(ix))11 +1)(tiQxx,)       
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[0073] 

Math 30 

Equation 30 
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[0074] 

 Here, let X = a, b. Then, assume that the number of iterations of iterative 

MIMO signal detection is lmimo = 0 and the maximum number of iterations is set to 

lmimo, max. 10 

[0075] 

 Step B·2 (iterative detection; the number of iterations k): λk, na and λk, nb, 

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). 

In iterative APP decoding: 15 

[0076] 

Math 31 

Equation 31 
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[0077] 

Math 32 

Equation 32 

20 [0077] Math 32 Equation 32  P(140x ) ix ,fx 7=1 yijiC  
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[0078] 

 In iterative Max-log APP decoding: 

[0079] 5 

Math 33 

Equation 33 
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[0080] 10 

Math 34 

Equation 34 
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[0081] 15 

 Step B·3 (counting the number of iterations and estimating a codeword): 

increment lmimo if lmimo < lmimo, max, and return to step B·2. Assuming that lmimo = lmimo, 

max, the estimated codeword is sought as in the following Equation. 

[0082] 

Math 35 20 

Equation 35 

[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(UQI2o-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): 
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[0083] 

 Here, let X = a, b. 

[0084] 5 

 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 correction coding such as convolutional coding, LDPC 

coding, turbo coding, or the like, outputting encoded data 303A. (The frame 10 

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.) 

[0085] 15 

 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.) 

 A mapper 306A receives the interleaved data 305A and the frame structure 20 

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 

313.) 25 

increment Ell,"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   > o
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 correction coding such as convolutional coding, LDPC 10 coding, turbo coding, or
the 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.) 20A 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 25313.)          Figs.
24A and 24B are an example of a mapping method over an IQ plane, having an in-phase component I
and a quadrature component Q, to form a baseband signal in QPSK modulation. For example, as
shown in Fig. 24A, if the input data is "00", the output is I = 1.0, Q = 1.0. Similarly, for input data of
"01", the output is I = 5 -1.0, Q = 1.0, and so forth. Fig. 24B is an example of a different method of
mapping in an IQ plane for QPSK modulation than Fig. 24A. The difference between Fig. 24B and Fig.
24A is that the signal points in Fig. 24A have been rotated around the origin to yield the signal points
of Fig. 24B. Non-Patent Literature 9 and Non-Patent Literature 10 describe such a constellation
rotation method, and the Cyclic Q Delay 
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 Figs. 24A and 24B are an example of a mapping method over an IQ plane, 

having an in-phase component I and a quadrature component Q, to form a baseband 

signal in QPSK modulation. For example, as shown in Fig. 24A, if the input data is 

“00”, the output is I = 1.0, Q = 1.0. Similarly, for input data of “01”, the output is I = 

−1.0, Q = 1.0, and so forth. Fig. 24B is an example of a different method of mapping 5 

in an IQ plane for QPSK modulation than Fig. 24A. The difference between Fig. 

24B and Fig. 24A is that the signal points in Fig. 24A have been rotated around the 

origin to yield the signal points of Fig. 24B. Non-Patent Literature 9 and Non-Patent 

Literature 10 describe such a constellation rotation method, and the Cyclic Q Delay 

described in Non-Patent Literature 9 and Non-Patent Literature 10 may also be 10 

adopted. As another example apart from Figs. 24A and 24B, Figs. 25A and 25B 

show signal point layout in the IQ 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. 

[0086] 15 

 An encoder 302B receives information (data) 301B and the frame structure 

signal 313 as inputs and, in accordance with the frame structure signal 313, performs 

error correction coding such as convolutional coding, LDPC coding, turbo coding, 

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

information such as the error correction method used, the encoding ratio, the block 20 

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 

output interleaved data 305B. (The method of interleaving may be switched based 25 

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 

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 IQ
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, performs error correction coding such as convolutional coding, LDPC coding, turbo coding,
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 (QPSK), 16
Quadrature Amplitude Modulation (16QAM), 64 Quadrature Amplitude Modulation (64QAM), or the
like, and outputs a resulting baseband signal 307B. (The method of modulation may be switched
based on the frame structure signal 313.) 5[0087]        A weighting information generating unit 314
receives the frame structure signal 313 as an input and outputs information 315 regarding a weighting
method based on the frame structure signal 313. The weighting method is characterized by regular
hopping between weights. 10[0088]        A weighting unit 308A 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 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. A
transmission 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 baseband signal 307A and the baseband signal 307B and outputs a
signal 309B resulting from the weighting. [0091]          Fig. 26 shows the structure of a weighting unit.
The baseband signal 307A is multiplied by w11(t), yielding w11(0s1(0, and is multiplied by w21(t),
yielding w21(t)sl(t). Similarly, the baseband signal 307B is multiplied by w12(t) to generate w12(t)s2(t)
and is multiplied by w22(t) to generate w22(t)s2(t). Next, zl(t) 5w11(t)sl (t) + w12(t)s2(t) and z2(t) =
w21(t)sl(t) + w22(t)s2(t) are obtained. [0092] Details on the weighting method are provided later. [0093]
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(QPSK), 16 Quadrature Amplitude Modulation (16QAM), 64 Quadrature Amplitude 

Modulation (64QAM), or the like, and outputs a resulting baseband signal 307B. 

(The method of modulation may be switched based on the frame structure signal 

313.) 

[0087] 5 

 A weighting information generating unit 314 receives the frame structure 

signal 313 as an input and outputs information 315 regarding a weighting method 

based on the frame structure signal 313. The weighting method is characterized by 

regular hopping between weights. 

[0088] 10 

 A weighting unit 308A 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 

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

resulting from the weighting. Details on the weighting method are provided later. 15 

[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 

311A. A transmission signal 511A is output as a radio wave from an antenna 312A. 20 

[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 

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

resulting from the weighting. 

[0091] 

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]        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 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 data [0097]          Fig. 5 shows an example of a frame structure in the time domain for a
transmission device according to the present embodiment. A symbol 500_i is a symbol for notifying the
reception device of the transmission method. For example, the symbol 500_i 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 zl(t) (where t is time) transmitted by the transmission
device. The symbol 10 502_i is the data symbol transmitted as symbol number u (in the time domain)
by the modulated signal zi(t), and the symbol 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
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]
20The following describes the relationships between the modulated signals zl(t) and z2(t) transmitted
by the transmission device and the received signals rl(t) and r2(t) received by the reception device.
[0101] 
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 Fig. 26 shows the structure of a weighting unit. The baseband signal 307A 

is multiplied by w11(t), yielding w11(t)s1(t), and is multiplied by w21(t), yielding 

w21(t)s1(t). Similarly, the baseband signal 307B is multiplied by w12(t) to generate 

w12(t)s2(t) and is multiplied by w22(t) to generate w22(t)s2(t). Next, z1(t) = 

w11(t)s1(t) + w12(t)s2(t) and z2(t) = w21(t)s1(t) + w22(t)s2(t) are obtained. 5 

[0092] 

 Details on the weighting method are provided later. 

[0093] 

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

as an input and performs processing such as orthogonal modulation, band limiting, 10 

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 

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

[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. 

[0096] 20 

 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 

an integer greater than or equal to one) and the distribution unit divides encoded data 25 

generated by each encoder into two parts and outputs the divided data. 

[0097] 

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 zl(t) and the modulated signal z2(t) are
assumed to 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 hil(t), h12(0, h21(0, and h22(0, the signal received by the receive antenna 505#1 of the
reception device be rl (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 "H(t)" ( hii(t) hu(t)' ( zl(t)\
10 y.201 h21(t) h2201z201 [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 sl (t) and s2(t) are the baseband signal in-phase
components I 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 sl (u) at symbol number u, as s 1(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 (51(0) and 307B
(52(t)) and the information 315 regarding 
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 Fig. 5 shows an example of a frame structure in 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 

transmitting data symbols, the encoding ratio, and the modulation method used for 5 

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 

502_1 is the data symbol transmitted as symbol number u (in the time domain) by 10 

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 

signal z2(t) (where t is time) transmitted by the transmission device. The symbol 15 

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] 

 The following describes the relationships between the modulated signals 20 

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 

device, and 505#1 and 505#2 indicate receive antennas in the reception device. The 25 

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 

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, zl(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\ 15Z2(4i -F j  JOJo\ jO e 4 e sl(4i + 1) \ s2(4i + 1),   
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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 h11(t), h12(t), h21(t), and h22(t), the signal received by the 

receive antenna 505#1 of the reception device be r1(t), and the signal received by the 

receive antenna 505#2 of the reception device be r2(t), the following relationship 5 

holds. 

[0102] 

Math 36 

Equation 36 
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[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 

Fig. 3. As shown in Fig. 6, a stream s1(t) and a stream s2(t) correspond to the 15 

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 I 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 s1(u) at symbol number u, as s1(u + 1) at symbol number u + 1, and 20 

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 

information 315 regarding weighting, and outputs the signals 309A (z1(t)) and 309B 25 

[0107] For symbol number 4i + 2:     [0108] 20 Math 39 Equation 39  (z1(4i + 2)\ = 1 z 2(4i + 2 )) -12 3 \
e37171- slc4i + 2) \ JOs2(4-i+ 2) e   [0109] For symbol number 4i + 3: 5[0110] Math 40 
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(z2(t)) after weighting in Fig. 3. In this case, z1(t) and z2(t) are represented as 

follows. 

For symbol number 4i (where i is an integer greater than or equal to zero): 

[0104] 

Math 37 5 

Equation 37 
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[0105] 

Here, j is an imaginary unit. 10 

For symbol number 4i + 1: 

[0106] 

Math 38 

Equation 38 
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[0107] 

For symbol number 4i + 2: 

[0108] 

Math 39 20 

Equation 39 

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 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.  [0112]       In an LOS environment, if a special precoding matrix is used, reception
quality may greatly 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 hopped between 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 other than the above-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. Therefore, in an LOS environment, excellent reception quality may not always
be obtained. Accordingly, there is a need for a precoding hopping method suitable for an LOS
environment. The present invention proposes such a precoding method. [0113] 15Fig. 7 is an example
of the structure of a reception device 700 in the present 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] 20A channel fluctuation estimating unit 705_i for the modulated signal zl 
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[0109] 

For symbol number 4i + 3: 

[0110] 5 

Math 40 

Equation 40 
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[0111] 10 

 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.) 

 Incidentally, Non-Patent Literature 4 describes switching the precoding 15 

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 × 2 precoding weight matrix composed of four precoding weights, the 

absolute value of each of the four precoding weights is equivalent to (1/sqrt(2)), and 20 

hopping is regularly performed between precoding weight matrices having this 

characteristic. 

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 Equation 36, and outputs a channel estimation
signal 706_2. [0116]          A wireless unit 703_Y receives, as input, a received signal 702_Y received
5 by an antenna 701 Y, performs processing such as frequency conversion, quadrature demodulation,
and the like, and outputs a baseband signal 704_Y. [0117]       A channel fluctuation estimating unit
707_i for the modulated signal zl transmitted by the transmission device receives 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
transmission device receives the baseband signal 704_Y as an input, extracts a reference symbol 501
2 for channel estimation as in Fig. 5, estimates a value corresponding to h22 in Equation 36, and
outputs a channel estimation signal 708_2. [0119] 20A control information decoding unit 709 receives
the baseband signal 704_X and the baseband signal 704_Y as inputs, detects the symbol 500_i 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] 25A 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
the transmission device, 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 
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[0112] 

 In an LOS environment, if a special precoding matrix is used, reception 

quality may greatly improve, yet the special precoding matrix differs depending on 

the conditions of direct waves. In an LOS environment, however, a certain tendency 

exists, and if precoding matrices are hopped between regularly in accordance with 5 

this tendency, the reception quality of data greatly improves. On the other hand, 

when precoding matrices are hopped between at random, a precoding matrix other 

than the above-described special precoding matrix may exist, and the possibility of 

performing precoding only with biased precoding matrices that are not suitable for 

the LOS environment also exists. Therefore, in an LOS environment, excellent 10 

reception quality may not always be obtained. Accordingly, there is a need for a 

precoding hopping method suitable for an LOS environment. The present invention 

proposes such a precoding method. 

[0113] 

 Fig. 7 is an example of the structure of a reception device 700 in the present 15 

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] 

 A channel fluctuation estimating unit 705_1 for the modulated signal z1 20 

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 h11 in Equation 36, and outputs a channel 

estimation signal 706_1. 

[0115] 25 

 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, 

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 the present 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 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(0,r2(0)T, and the stream vector be S(t) =
(s1(0,s2(0)T, the following Equation holds. [0122] Math 41 Equation 41 20 R(t) = H(t)W(t)S(t) [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]         Therefore, a weighting coefficient generating unit 819 in Fig. 8 receives, as input, a signal
818 regarding information on the transmission method indicated by the transmission device
(corresponding to 710 in Fig. 7) and outputs a signal 820 regarding information on weighting
coefficients. 5[0125]        An INNER MIMO detector 803 receives the signal 820 regarding information
on weighting coefficients as input and, using the signal 820, performs the calculation in Equation 41.
Iterative detection and decoding is thus performed. The following describes operations thereof
10[0126]        In the signal processing unit in Fig. 8, a processing method such as that shown in Fig. 10
is necessary for iterative decoding (iterative detection). First, one codeword (or one frame) of the
modulated signal (stream) sl and one codeword (or one frame) of the modulated signal (stream) s2 are
decoded. As a result, the 15 Log-Likelihood Ratio (LLR) of each bit of the one codeword (or one
frame) of the modulated signal (stream) sl 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_i and 706_2 in Fig. 7), a baseband signal 801Y (corresponding to the baseband signal
704_Y in Fig. 
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estimates a value corresponding to h12 in Equation 36, and outputs a channel 

estimation signal 706_2. 

[0116] 

 A wireless unit 703_Y receives, as input, a received signal 702_Y received 

by an antenna 701_Y, performs processing such as frequency conversion, quadrature 5 

demodulation, and the like, and outputs a baseband signal 704_Y. 

[0117] 

 A channel fluctuation estimating unit 707_1 for the modulated signal z1 

transmitted by the transmission device receives the baseband signal 704_Y as an 

input, extracts a reference symbol 501_1 for channel estimation as in Fig. 5, 10 

estimates a value corresponding to h21 in Equation 36, and outputs a channel 

estimation signal 708_1. 

[0118] 

 A channel fluctuation estimating unit 707_2 for the modulated signal z2 

transmitted by the transmission device receives the baseband signal 704_Y as an 15 

input, extracts a reference symbol 501_2 for channel estimation as in Fig. 5, 

estimates a value corresponding to h22 in Equation 36, and outputs a channel 

estimation signal 708_2. 

[0119] 

 A control information decoding unit 709 receives the baseband signal 20 

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] 

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

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 

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 estimation signal group 817Y. [0128]        Subsequent operations are described separately for
initial detection and for iterative decoding (iterative detection). [0129] 10<Initial Detection>        The
INNER MIMO detector 803 receives, as inputs, the baseband signal 801X, the channel estimation
signal group 802X, 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 16QAM. [0130]        The INNER MIMO detector 803 first calculates H(t)W(t) from the
channel estimation signal group 802X 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 IQ 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 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 corresponding to (b0, b 1, 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 (72.
Accordingly, Ex(b0, hi, b2, b3, b4, b5, b6, b7), i.e. the value of the squared Euclidian distance between
a candidate signal point corresponding to (b0, hi, b2, b3, b4, b5, b6, b7) and a received signal point,
divided by the noise variance, is sought. Note that the baseband signals and the modulated signals sl
and s2 are each complex signals. 5[0131]        Similarly, H(t)W(t) is calculated from the channel
estimation signal group 802X and the channel estimation signal group 802Y, candidate signal points
corresponding to the baseband signal 801Y are sought, the squared Euclidian 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 ci2. Accordingly, Ey(b0, hi, b2, b3, b4, b5, b6, b7),
i.e. the value of the squared Euclidian distance between a candidate signal point corresponding to (b0,
hi, b2, b3, b4, b5, b6, b7) and a received signal point, divided by the noise variance, is sought. [0132]
15Then Ex(b0, hi, b2, b3, b4, b5, b6, b7) + Ey(b0, hi, b2, b3, b4, b5, b6, b7) = E(b0, hi, b2, b3, b4, b5,
b6, b7) is sought. [0133]        The INNER MIMO detector 803 outputs E(b0, hi, 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, hi, 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 
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the transmission device, performs detection and decoding, and outputs received data 

712_1 and 712_2. 

[0121] 

 Next, operations by the signal processing unit 711 in Fig. 7 are described in 

detail. Fig. 8 is an example of the structure of the signal processing unit 711 in the 5 

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 

2 and Non-Patent Literature 3 is a spatial multiplexing MIMO system, whereas the 10 

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) 

= (r1(t),r2(t))T, and the stream vector be S(t) = (s1(t),s2(t))T, the following Equation 15 

holds. 

[0122] 

Math 41 

Equation 41 

( ) ( ) ( ) ( )tStWtHtR =  20 

 

[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 

considering H(t)W(t) as the channel matrix. 25 

[0124] 

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
deinterleaved log-likelihood signal 808A. [0137] Similarly, a deinterleaver (807B) receives the
log-likelihood signal 806B as 10an input, performs deinterleaving corresponding to the interleaver (the
interleaver (304B) in Fig. 3), and outputs a deinterleaved log-likelihood signal 808B. [0138]       A
log-likelihood ratio calculating unit 809A receives the interleaved log-likelihood signal 808A as an
input, calculates the log-likelihood ratio (LLR) of 15 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]          Similarly, a
soft-in/soft-out decoder 811B receives the log-likelihood ratio signal 810B as an input, performs
decoding, and outputs a decoded log-likelihood ratio 812B. [0142] 5<Iterative Decoding (Iterative
Detection), Number of Iterations k>        An interleaver (813A) receives the log-likelihood ratio 812A
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 814A. The interleaving pattern in the interleaver (813A) is
similar to the interleaving pattern in the 10interleaver (304A) in Fig. 3. 
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 Therefore, a weighting coefficient generating unit 819 in Fig. 8 receives, as 

input, a signal 818 regarding information on the transmission method indicated by 

the transmission device (corresponding to 710 in Fig. 7) and outputs a signal 820 

regarding information on weighting coefficients. 

[0125] 5 

 An INNER MIMO detector 803 receives the signal 820 regarding 

information on weighting coefficients as input and, using the signal 820, performs 

the calculation in Equation 41. Iterative detection and decoding is thus performed. 

The following describes operations thereof. 

[0126] 10 

 In the signal processing unit in Fig. 8, a processing method such as that 

shown in Fig. 10 is necessary for iterative decoding (iterative detection). First, one 

codeword (or one frame) of the modulated signal (stream) s1 and one codeword (or 

one frame) of the modulated signal (stream) s2 are decoded. As a result, the 

Log-Likelihood Ratio (LLR) of each bit of the one codeword (or one frame) of the 15 

modulated signal (stream) 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 

detection)). Hereinafter, description focuses on the method of generating the 20 

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 

group 802X (corresponding to the channel estimation signals 706_1 and 706_2 in 25 

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 

[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 20 816Y, the transformed channel estimation signal group 817Y, the interleaved
log-likelihood ratio 814A, and the interleaved log-likelihood ratio 814B. The reason for using the
baseband signal 816X, the transformed channel estimation signal group 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]           The
difference between operations by the INNER MIMO detector 803 for iterative decoding and for initial
detection is the use of the interleaved log-likelihood ratio 814A and the interleaved log-likelihood ratio
814B during signal processing. The INNER MEMO detector 803 first seeks E(b0, b 1, b2, b3, b4, b5,
b6, b7), as  5 during initial detection. Additionally, coefficients corresponding to Equations 11 and 32
are sought from the interleaved log-likelihood ratio 814A and the interleaved log-likelihood ratio 914B.
The value E(b0, bl, b2, b3, b4, b5, b6, b7) is adjusted using the sought coefficients, and the resulting
value E'(b0, bl, b2, b3, b4, b5, b6, 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, b 1, 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 25obtaining 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]         The main part of the present embodiment is calculation of H(t)W(t). Note that as
shown in Non-Patent Literature 5 and the like, QR decomposition may be used to perform initial
detection and iterative detection. 
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(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 

transformed channel estimation signal group 817Y. 5 

[0128] 

 Subsequent operations are described separately for initial detection and for 

iterative decoding (iterative detection). 

[0129] 

 <Initial Detection> 10 

 The INNER MIMO detector 803 receives, as inputs, the baseband signal 

801X, the channel estimation signal group 802X, the baseband signal 801Y, and the 

channel estimation signal group 802Y. Here, the modulation method for the 

modulated signal (stream) s1 and the modulated signal (stream) s2 is described as 

16QAM. 15 

[0130] 

 The INNER MIMO detector 803 first calculates H(t)W(t) from the channel 

estimation signal group 802X and the channel estimation signal group 802Y to seek 

candidate signal points corresponding to the baseband signal 801X. Fig. 11 shows 

such calculation. In Fig. 11, each black dot (●) is a candidate signal point in the IQ 20 

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, 

candidate signal points corresponding to (b0, b1, b2, b3, b4, b5, b6, b7) in Fig. 11 25 

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 σ2. Accordingly, EX(b0, 

[0150] 5Furthermore, 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-likelihood ratio signals 810A and 810B, performs decoding, and outputs a decoded log-likelihood
ratio 902. A distribution unit 903 receives the decoded log-likelihood ratio 902 as an input and
distributes the 15log-likelihood ratio 902. Other operations are similar to Fig. 8. [0152]       Figs. 12A
and 12B show BER characteristics for a transmission method using the precoding weights of the
present embodiment under similar conditions to Figs. 29A and 29B. Fig. 12A shows the BER
characteristics of Max-log A Posteriori 20 Probability (APP) without iterative detection (see Non-Patent
Literature 1 and Non-Patent Literature 2), and Fig. 12B shows the BER characteristics of 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]          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 5 waves
dominate by hopping between precoding weights regularly over time, as in the present embodiment.
[0154]       In the present embodiment, and in particular with regards to the structure of the reception
device, operations have been described for a limited number of 10 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, the example of LDPC coding has
particularly been explained, but the present invention is not limited to LDPC 15 coding. Furthermore,
with regards to the decoding method, the soft-in/soft-out decoders are not limited to the example of
sum-product decoding. Another soft-in/soft-out decoding method may be used, such as a BCJR
algorithm, a SOYA 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 
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b1, 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. Note that the 

baseband signals and the modulated signals s1 and s2 are each complex signals. 

[0131] 5 

 Similarly, H(t)W(t) is calculated from the channel estimation signal group 

802X and the channel estimation signal group 802Y, candidate signal points 

corresponding to the baseband signal 801Y are sought, the squared Euclidian 

distance for the received signal point (corresponding to the baseband signal 801Y) is 

sought, and the squared Euclidian distance is divided by the noise variance σ2. 10 

Accordingly, EY(b0, b1, 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] 

 Then EX(b0, b1, b2, b3, b4, b5, b6, b7) + EY(b0, b1, b2, b3, b4, b5, b6, b7) 15 

= E(b0, b1, b2, b3, b4, b5, b6, b7) is sought. 

[0133] 

 The INNER MIMO detector 803 outputs E(b0, b1, b2, b3, b4, b5, b6, b7) as 

a signal 804. 

[0134] 20 

 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 

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

Non-Patent Literature 3. 

[0135] 

(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 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 10signs. [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 25outputs a parallel signal 1403A. [0161]
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] 5An inverse fast Fourier
transformer 1406A receives the reordered signal 
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 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] 

 A deinterleaver (807A) receives the log-likelihood signal 806A as an input, 5 

performs deinterleaving corresponding to the interleaver (the interleaver (304A) in 

Fig. 3), and outputs a deinterleaved log-likelihood signal 808A. 

[0137] 

 Similarly, a deinterleaver (807B) receives the log-likelihood signal 806B as 

an input, performs deinterleaving corresponding to the interleaver (the interleaver 10 

(304B) in Fig. 3), and outputs a deinterleaved log-likelihood signal 808B. 

[0138] 

 A log-likelihood ratio calculating unit 809A receives the interleaved 

log-likelihood signal 808A as an input, calculates the log-likelihood ratio (LLR) of 

the bits encoded by the encoder 302A in Fig. 3, and outputs a log-likelihood ratio 15 

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 

(LLR) of the bits encoded by the encoder 302B in Fig. 3, and outputs a 20 

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 

812A. 25 

[0141] 

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 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 20later. [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. 25[0167]        A wireless
unit 1408B receives 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
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 zl and z2 use the same frequency bandwidth at the
same time. Fig. 15A shows the reordering method for symbols of the modulated signal zl, 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] 
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 Similarly, a soft-in/soft-out decoder 811B receives the log-likelihood ratio 

signal 810B as an input, performs decoding, and outputs a decoded log-likelihood 

ratio 812B. 

[0142] 

 <Iterative Decoding (Iterative Detection), Number of Iterations k> 5 

 An interleaver (813A) receives the log-likelihood ratio 812A 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 814A. The interleaving 

pattern in the interleaver (813A) is similar to the interleaving pattern in the 

interleaver (304A) in Fig. 3. 10 

[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 

interleaver (813B) is similar to the interleaving pattern in the interleaver (304B) in 15 

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 

816Y, the transformed channel estimation signal group 817Y, the interleaved 20 

log-likelihood ratio 814A, and the interleaved log-likelihood ratio 814B. The reason 

for using the baseband signal 816X, the transformed channel estimation signal group 

817X, the baseband signal 816Y, and the transformed channel estimation signal 

group 817Y instead of the baseband signal 801X, the channel estimation signal 

group 802X, the baseband signal 801Y, and the channel estimation signal group 25 

802Y is because a delay occurs due to iterative decoding. 

[0145] 

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 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 zl, and Fig. 16B shows the reordering
method for symbols 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 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 zl, 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 zl 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 zl, 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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 The difference between operations by the INNER MIMO detector 803 for 

iterative decoding and for initial detection is the use of the interleaved log-likelihood 

ratio 814A and the interleaved log-likelihood ratio 814B during signal processing. 

The INNER MIMO detector 803 first seeks E(b0, b1, b2, b3, b4, b5, b6, b7), as 

during initial detection. Additionally, coefficients corresponding to Equations 11 5 

and 32 are sought from the interleaved log-likelihood ratio 814A and the interleaved 

log-likelihood ratio 914B. The value E(b0, b1, b2, b3, b4, b5, b6, b7) is adjusted 

using the sought coefficients, and the resulting value E’(b0, b1, b2, b3, b4, b5, b6, 

b7) is output as the signal 804. 

[0146] 10 

 The log-likelihood calculating unit 805A receives the signal 804 as input, 

calculates the log likelihood for bits b0, b1, 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 

method is as shown in Equations 31, 32, 33, 34, and 35. Details can be found in 15 

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 

log-likelihood signal 806B. Operations by the deinterleaver onwards are similar to 20 

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 

obtaining excellent reception quality, and a structure not including the interleavers 25 

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] 

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 weight of slot 8i. Symbol #1 is the symbol when using the precoding 10 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 15 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 20 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 25 the
precoding weight of slot 8i + 7. In the symbol ordering in Figs. 18A and 18B, 
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 The main part of the present embodiment is calculation of H(t)W(t). Note 

that as shown in Non-Patent Literature 5 and the like, QR decomposition may be 

used to perform initial detection and iterative detection. 

[0150] 

 Furthermore, as shown in Non-Patent Literature 11, based on H(t)W(t), 5 

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 

for the modulated signal transmitted by the transmission device in Fig. 4. The 10 

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-likelihood ratio signals 810A and 810B, 

performs decoding, and outputs a decoded log-likelihood ratio 902. A distribution 

unit 903 receives the decoded log-likelihood ratio 902 as an input and distributes the 

log-likelihood ratio 902. Other operations are similar to Fig. 8. 15 

[0152] 

 Figs. 12A and 12B show BER characteristics for a transmission method 

using the precoding weights of the present embodiment under similar conditions to 

Figs. 29A and 29B. Fig. 12A shows the BER characteristics of Max-log A Posteriori 

Probability (APP) without iterative detection (see Non-Patent Literature 1 and 20 

Non-Patent Literature 2), and Fig. 12B shows the BER characteristics of 

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 

characteristics when the Rician factor is large greatly improve over the BER 25 

characteristics when using spatial multiplexing MIMO system, thereby confirming 

the usefulness of the method in the present embodiment. 

[0153] 

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 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 zl, 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 19B, the symbol group 1901 and the symbol
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 zl 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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 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, as in 5 

the present embodiment. 

[0154] 

 In the present embodiment, 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 10 

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, the example of LDPC coding 

has particularly been explained, but the present invention is not limited to LDPC 

coding. Furthermore, with regards to the decoding method, the soft-in/soft-out 15 

decoders are not limited to the example of sum-product decoding. Another 

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. 

[0155] 20 

 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 

Multiplexing (OFDM), Single Carrier Frequency Division Multiple Access 25 

(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 

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 56 matrix 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] 15In 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] 
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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] 

 The following describes an example of using OFDM as an example of a 5 

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 

signs. 10 

[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 

weighted signal 309B, performs processing related to OFDM, and outputs a 15 

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 

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

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 

outputs a parallel signal 1403A. 25 

[0161] 

(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 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   *40'
200,  1 (    olio) eit5,21(41) ei(911(40+2) i(6,21(4i)+AH-6.) e s2(40)    
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 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 5 

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 10 

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 15 

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. 20 

[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] 25 

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

an input, performs processing such as frequency conversion, amplification, and the 

.N5      [0192]   10 Here, j is an imaginary unit    For symbol number 4i + 1:    [0193]    
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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 

use multi-carrier, precoding hops to form a four-slot period (cycle), as shown in Fig. 5 

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 

possible to arrange symbols in the frequency domain, or in both the frequency and 10 

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 

frequency, and the vertical axis representing time. The frequency domain runs from 15 

(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 

order to the symbols of the weighted signal 1401A which is input into the 20 

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. 

[0170] 25 

 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, 

Math 43    Equation 43   15  ( Z1(4i + 1) \ +1)) 1 eJoizti+i) e11921(4i+1) ei(o114i+0+2) (4i2+8) ei(021-o
( s1(4i+i)` s2(4i+1))       
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#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] 

 The symbol group 1501 and the symbol group 1502 shown in Figs. 15A and 5 

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 

weight of slot 4i + 2 in Fig. 6. Symbol #3 is the symbol when using the precoding 10 

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 

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

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 

domain. Furthermore, the ordering of symbols is not limited to the ordering shown 20 

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 

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 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. 

[0194] For symbol number 4i + 2:     [0195] 20 Math 44 Equation 44 (+1 + 2), V2   e,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 
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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 

assigned to carriers 0 through 3. Subsequently, symbols #10 through #19 are 5 

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. 

[0174] 10 

 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, 

and Fig. 17B shows the reordering method for symbols of the modulated signal z2. 15 

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 

z1 may differ from the reordering method of the symbols of the modulated signal z2, 20 

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 

frequency, and the vertical axis representing time, that differs from Figs. 15A 25 

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, 

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),   
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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 

weights over four slots. Here, however, an example of hopping over eight slots is 5 

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 10 

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 15 

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 20 

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, 25 

four slots in the time domain and two slots in the frequency domain for a total of 4 × 

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 × n symbols (in other words, m × 

[0202] For symbol number 4i + 2:   5 [0203]    Math 48   
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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 

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

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 

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

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 

diversity gain. Therefore, reordering in both the frequency and the time domains is 15 

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 

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

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 

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

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 

Equation 48     (H(4/ + 2) \ 1 (hii(41 + 2) k2(4 + 2)\ ei0"(4,-,2) ei(o11(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),  
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19B, the symbol group 1901 and the symbol 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 

present invention may be similarly embodied, and the advantageous effect of high 5 

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 

quality achieved, without arranging the symbols in order. 10 

[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 

examples. The case of hopping between precoding matrix regularly over four slots, 15 

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 

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

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 

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

using the precoding matrix in Equation 40. 

[0181] 

10[0204]  e49"0-3)+4 s1(4i+ 3) \ h12(4i + 3) \ /e/(9,,(4-3) h22(41+eio2I(i+3) e102,0-3)+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
(4i)  ei(811(41)+2)` ei(821(4i)+2+8) s2(4i)1     [0208] 
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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 

Equation 40. 5 

[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, 

and 2704 as follows. 10 

[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 

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

[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 

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

[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 

Equation 39, and symbol #11 is precoded using the precoding matrix in Equation 40. 25 

[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 

5 For symbol number 4i + 1: [0209] Math 51 Equation 51 (r1(4i+1)\ \r2(4i+1),    \( n9" (4i+1) q e
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 
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matrix 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, 

the symbols on either side in the frequency domain at the same time (symbols #10 5 

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 

frequency domain and the time domain is characterized in the same way as symbol 10 

#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] 

 In Fig. 27, the case of n = 1 has been described, but n is not limited in this 15 

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 

by randomly (or regularly) arranging the symbols. 20 

[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 

precoding weights that differ from the precoding weights in Fig. 6 is described. 25 

[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 

+3)1 [A e r2(4i + 3)) 15 A el  q19 ii(4i+3) 21(4i+3)      ic9n(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 q 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 Equation 55  
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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] 

Math 42 5 

Equation 42 
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[0192] 

Here, j is an imaginary unit. 10 

For symbol number 4i + 1: 

[0193] 

Math 43 

Equation 43 
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[0194] 

For symbol number 4i + 2: 

[0195] 

Math 44 20 

Equation 44 
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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 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 sl and s2 can no longer be obtained. For symbol number 4i: [0223] Math 58 
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[0196] 

For symbol number 4i + 3: 

[0197] 

Math 45 5 

Equation 45 

( )
( )

( ) ( )( )
( ) ( )( )

( )
( )






+
+














=








+
+

++++

+++

342
341

2
1

342
341

3434

3434

2121

1111

is
is

iz
iz

ee
ee

ijij

ijij

δλ

λ

θθ

θθ
 

 

[0198] 

From Equations 36 and 41, the received vector R(t) = (r1(t), r2(t))T can be 10 

represented as follows. 

For symbol number 4i: 

[0199] 

Math 46 

Equation 46 15 
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[0200] 

For symbol number 4i + 1: 

[0201] 20 

Math 47 

Equation 47 

20 Equation 58 q = -A e1 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 q = -A
ej(6111(4i+3)-6121(4i+3)), - A ej(6111(4i+3)-6121(4i+3)-(5.) 20 [0230] In this case, if q 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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[0202] 

For symbol number 4i + 2: 

[0203] 5 

Math 48 

Equation 48 
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[0204] 10 

For symbol number 4i + 3: 

[0205] 

Math 49 

Equation 49 
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[0206] 

 In this case, it is assumed that only components of direct waves exist in the 

channel elements h11(t), h12(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 20 

these assumptions, Equations 46–49 can be represented as follows. 

For symbol number 4i: 

[0207] 

Math 50 

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 q 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
# y; x, y = 0,1,2,3) 10[0232] (x is 0, 1, 2, 3; y is 0, 1, 2, 3; and x y.) In an example fulfilling Condition #1,
values are set as follows: (Example #1)  (1) 011(4i) = 011(4i + 1) = 011(4i + 2) = 011(4i + 3) = 0
radians, 15 (2) 021(4i) = 0 radians,    
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Equation 50 
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[0208] 

For symbol number 4i + 1: 5 

[0209] 

Math 51 

Equation 51 
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[0210] 

For symbol number 4i + 2: 

[0211] 

Math 52 

Equation 52 15 

( )
( )

( ) ( )( )
( ) ( )( )

( )
( )






+
+
























=








+
+

++++

+++

242
241

2
1

242
241

2424

2424

0

0

2121

1111

is
is

qA
qA

ir
ir

ee
ee

e
e

ijij

ijij

j

j

δλ

λ

θθ

θθ
 

 

[0212] 

For symbol number 4i + 3: 

[0213] 20 

Math 53 

Equation 53 

(3) 021(4i + 1) = it/2 radians,       (4) 021(4i + 2) = TE radians, and       (5) 021(4i + 3) = 37i/2 radians. 
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[0214] 

 In Equations 50–53, let A be a positive real number and q be a complex 

number. The values of A and q are determined in accordance with the positional 5 

relationship between the transmission device and the reception device. Equations 

50–53 can be represented as follows. 

For symbol number 4i: 

[0215] 

Math 54 10 

Equation 54 
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[0216] 

For symbol number 4i + 1: 15 

[0217] 

Math 55 

Equation 55 
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[0218] 

For symbol number 4i + 2: 

(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) = 0 radians, (7) 011(4i + 1) = it/2
radians, (8) 011(4i + 2) = TE radians, (9) 011(4i + 3) = 3ii/2 radians, and (10) 021(40 = 021(4i + 1) =
021(4i + 2) = 021(4i + 3) = 0 radians. (The above is an example. It suffices for one each of zero
radians, it/2 radians, TE 5radians, and 3ii/2 radians to exist for the set (011(40, 011(4i + 1), 011(4i +
2), 011(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)  (12)  (13)  (14)
(15)  
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[0219] 

Math 56 

Equation 56 
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[0220] 

For symbol number 4i + 3: 

[0221] 

Math 57 

Equation 57 10 
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[0222] 

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

one of s1 and s2 is no longer included in r1 and r2, and therefore one of the signals 15 

s1 and s2 can no longer be obtained. 

For symbol number 4i: 

[0223] 

Math 58 

Equation 58 20 

( ) ( )( ) ( ) ( )( )eA,eAq iijiij δθθθθ −−− −−= 421411421411   

 

[0224] 

011(40 =011(4i + 1) =011(4i + 2) 021(40 = 0 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) = 0 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) = 021(4i + 2) = 021(4i + 3) = 0 radians.      (The above is an example. It suffices for one
each of zero radians, it/4 radians, it/2 25radians, and 3ii/4 radians to exist for the set (011(40, 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.  [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 requirements for S. The following describes the design method for .5 when X, is
set to 5zero radians. [0234]        In this case, by defining .5 so that it/2 radians < TE radians, excellent
reception quality is achieved, particularly in an LOS environment 
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For symbol number 4i + 1: 

[0225] 

Math 59 

Equation 59 

( ) ( )( ) ( ) ( )( )ee iijiij AAq δθθθθ −+−++−+ −−= 14141414
21112111  ,  5 

 

[0226] 

For symbol number 4i + 2: 

[0227] 

Math 60 10 

Equation 60 

( ) ( )( ) ( ) ( )( )eA,eAq iijiij δθθθθ −+−++−+ −−= 2421241124212411   

 

[0228] 

For symbol number 4i + 3: 15 

[0229] 

Math 61 

Equation 61 

( ) ( )( ) ( ) ( )( )eA,eAq iijiij δθθθθ −+−++−+ −−= 3421341134213411   

 20 

[0230] 

 In this case, if q 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 

equivalent to the same solution can no longer obtain excellent reception quality for 25 

[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-EY)-(5)for Vx, Vy (x, y = 0,1,2,3) 20 and e'(811(4821(44)#(4/Y)-821(4i+Y)-8)for Vx, Vy (x y;
x, y = 0,1,2,3) [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 .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 .3 to + 3)1/4 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 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 .3 to + TE radians. For example, 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 q in the channel matrix H exists at the
points shown in Figs. 20 and 1021, 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 "z1(m) 
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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 q not to have 

the same solution, the following condition is necessary from Equations 58–61 when 

focusing on one of two solutions of q which does not include δ. 

[0231] 5 

Math 62 

Condition #1 

( ) ( )( ) ( ) ( )( ) )3,2,1,0, ;(  ,for        4444
21112111 =≠∀∀≠ +−++−+ yxyxyxee yiyijxixij θθθθ  

 

[0232] 10 

(x is 0, 1, 2, 3; y is 0, 1, 2, 3; and x ≠ y.) 

In an example fulfilling Condition #1, values are set as follows: 

(Example #1) 

(1) θ11(4i) = θ11(4i + 1) = θ11(4i + 2) = θ11(4i + 3) = 0 radians, 

(2) θ21(4i) = 0 radians, 15 

(3) θ21(4i + 1) = π/2 radians, 

(4) θ21(4i + 2) = π radians, and 

(5) θ21(4i + 3) = 3π/2 radians. 

(The above is an example. It suffices for one each of zero radians, π/2 radians, π 

radians, and 3π/2 radians to exist for the set (θ21(4i), θ21(4i + 1), θ21(4i + 2), θ21(4i + 20 

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. 

(Example #2) 25 

(6) θ11(4i) = 0 radians, 

(7) θ11(4i + 1) = π/2 radians, 

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 zl(Ni + 1)1 z2(Ni +VI   ei(o112)`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)  
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(8) θ11(4i + 2) = π radians, 

(9) θ11(4i + 3) = 3π/2 radians, and 

(10) θ21(4i) = θ21(4i + 1) = θ21(4i + 2) = θ21(4i + 3) = 0 radians. 

(The above is an example. It suffices for one each of zero radians, π/2 radians, π 

radians, and 3π/2 radians to exist for the set (θ11(4i), θ11(4i + 1), θ11(4i + 2), θ11(4i + 5 

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) 

(11) θ11(4i) =θ11(4i + 1) =θ11(4i + 2) =θ11(4i + 3) = 0 radians, 10 

(12) θ21(4i) = 0 radians, 

(13) θ21(4i + 1) = π/4 radians, 

(14) θ21(4i + 2) = π/2 radians, and 

(15) θ21(4i + 3) = 3π/4 radians. 

(The above is an example. It suffices for one each of zero radians, π/4 radians, π/2 15 

radians, and 3π/4 radians to exist for the set (θ21(4i), θ21(4i + 1), θ21(4i + 2), θ21(4i + 

3)).) 

(Example #4) 

(16) θ11(4i) = 0 radians, 

(17) θ11(4i + 1) = π/4 radians, 20 

(18) θ11(4i + 2) = π/2 radians, 

(19) θ11(4i + 3) = 3π/4 radians, and 

(20) θ21(4i) = θ21(4i + 1) = θ21(4i + 2) = θ21(4i + 3) = 0 radians. 

(The above is an example. It suffices for one each of zero radians, π/4 radians, π/2 

radians, and 3π/4 radians to exist for the set (θ11(4i), θ11(4i + 1), θ11(4i + 2), θ11(4i + 25 

3)).) 

 While four examples have been shown, the method of satisfying Condition 

#1 is not limited to these examples. 

[0244]  Furthermore, for symbol number Ni + N - 1: 15[0245] Math 67 Equation 65  ( zl(Ni + N -1r 1 e
z2(Ni+ Ne1021(Ari-EN-1) 10,(Ni+N-1)+A) ( s1(Ni + N -1r ei(o21(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) 
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[0233] 

 Next, design requirements for not only θ11 and θ12, but also for λ and δ are 

described. It suffices to set λ to a certain value; it is then necessary to establish 

requirements for δ. The following describes the design method for δ when λ is set to 

zero radians. 5 

[0234] 

 In this case, by defining δ so that π/2 radians ≤ |δ| ≤ π radians, excellent 

reception quality is achieved, particularly in an LOS environment. 

[0235] 

 Incidentally, for each of the symbol numbers 4i, 4i + 1, 4i + 2, and 4i + 3, 10 

two points q exist where reception quality becomes poor. Therefore, a total of 2 × 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 

necessary. 15 

[0236] 

Math 63 

Condition #2 
( ) ( )( ) ( ) ( )( ) )3210(  ,for        421411421411 ,,,y,xyxee yiyijxixij =∀∀≠ −+−++−+ δθθθθ  

and 20 
( ) ( )( ) ( ) ( )( ) )3210 ;(  ,for         421411421411 ,,,y,xyxyxee yiyijxixij =≠∀∀≠ −+−+−+−+ δδ θθθθ  

 

[0237] 

 Additionally, the phase of these eight points should be evenly distributed 

(since the phase of a direct wave is considered to have a high probability of even 25 

distribution). The following describes the design method for δ to satisfy this 

requirement. 

[0238] 

11,2(10 h22 (NO, eie1(Ari) '8 21() ei(eii(m)2)\      ()25) ej(821m si(Ni) s2(Ni)         5 [0248] Here, j is an
imaginary unit. For symbol number Ni + 1:     [0249] 10 Math 69 Equation 67 rl(Ni +1)\ r2(INli +1) 1 -F
1)hi2(Ni +i)( 
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 In the case of example #1 and example #2, the phase becomes even at the 

points at which reception quality is poor by setting δ to ± 3π/4 radians. For example, 

letting δ be 3π/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 

once, as shown in Fig. 20. In the case of example #3 and example #4, the phase 5 

becomes even at the points at which reception quality is poor by setting δ to ± π 

radians. For example, letting δ be π 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 

21, reception quality degrades.) 10 

 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 

in the above description, processing represented as below is performed on each 15 

symbol number. 

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

[0239] 

Math 64 

Equation 62 20 
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[0240] 

Here, j is an imaginary unit. 

For symbol number Ni + 1: 25 

[0241] 

h21(Ni +1)+1), elei1(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 
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Math 65 

Equation 63 
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[0242] 5 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0243] 

Math 66 

Equation 64 10 
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[0244] 

 Furthermore, for symbol number Ni + N − 1: 

[0245] 15 

Math 67 

Equation 65 
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[0246] 20 

Accordingly, r1 and r2 are represented as follows. 

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

+ k)\ 1 + k) + lc]\ eiericm-Ek)  sl(Ni + k)\ 20 (1-1(Ni         .N5    
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[0247] 

Math 68 

Equation 66 
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 5 

[0248] 

Here, j is an imaginary unit. 

For symbol number Ni + 1: 

[0249] 

Math 69 10 

Equation 67 
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[0250] 

 When generalized, this equation is as follows. 15 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0251] 

Math 70 

Equation 68 
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[0252] 

 Furthermore, for symbol number Ni + N − 1: 

[0253] 

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 ( rl(Ni N -1Y N 1 ( h"(Ni 1121(Ni N -1) N -1) hu(Ni h"(Ni 
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Math 71 

Equation 69 
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[0254] 5 

 In this case, it is assumed that only components of direct waves exist in the 

channel elements h11(t), h12(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 

these assumptions, Equations 66–69 can be represented as follows. 

For symbol number Ni (where i is an integer greater than or equal to zero): 10 

[0255] 

Math 72 

Equation 70 
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[0256] 

 Here, j is an imaginary unit. 

For symbol number Ni + 1: 

[0257] 

Math 73 20 

Equation 71 
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N -1) N ( el ll(m+N ') 6,1192t(m+N-1)  ei(o"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] Math 72 Equation 70    ( 
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[0258] 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0259] 

Math 74 5 

Equation 72 
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[0260] 

 Furthermore, for symbol number Ni + N − 1: 10 

[0261] 

Math 75 

Equation 73 
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[0262] 

 In Equations 70–73, let A be a real number and q be a complex number. The 

values of A and q are determined in accordance with the positional relationship 

between the transmission device and the reception device. Equations 70–73 can be 

represented as follows. 20 

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

[0263] 

Math 76 

Equation 74 

Ae JO( jai(Ni) q e .5 A q njt921(Ni)   ei(eii(No-FA/)\ ( ei(6+21(m)+A-F(5) ,s2(Ni)1  15 [0256] Here, j is
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 q e " nio,i(Ni+k) +VI(A e q  sl(Ni + 
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[0264] 

Here, j is an imaginary unit. 

For symbol number Ni + 1: 5 

[0265] 

Math 77 

Equation 75 
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[0266] 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0267] 

Math 78 15 

Equation 76 
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[0268] 

 Furthermore, for symbol number Ni + N – 1: 20 

[0269] 

Math 79 

s2(Ni +  [0260] 10Furthermore, for symbol number Ni + N - 1: [0261] Math 75 Equation 73  I r11Ni + N
-11it\1 [ ej Lr2Ni+N11A el [i 0 11(Ni+N q e 921(Ni+N-1) q e Ao ll(N,,,y, A) \ e sl1Ni + N -11\ s21Ni + N
15   



74 

Equation 77 
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[0270] 

 As a result, when q is represented as follows, a signal component based on 5 

one of s1 and s2 is no longer included in r1 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 10 

Equation 78 

( ) ( )( ) ( ) ( )( )eA,eAq NiNijNiNij δθθθθ −−− −−= 21112111   

 

[0272] 

For symbol number Ni + 1: 15 

[0273] 

Math 81 

Equation 79 

( ) ( )( ) ( ) ( )( )eA,eAq NiNijNiNij δθθθθ −+−++−+ −−= 121111121111   

 20 

[0274] 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0275] 

Math 82 25 

[0262]        In Equations 70-73, let A be a real number and q be a complex number. The values of A
and q 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 q
eflOn(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] Math 77 Equation 75 rl(Ni +1[ei,eJO , = + 
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Equation 80 

( ) ( )( ) ( ) ( )( )eA,eAq kNikNijkNikNij δθθθθ −+−++−+ −−= 21112111   

 

[0276] 

 Furthermore, for symbol number Ni + N − 1: 5 

[0277] 

Math 83 

Equation 81 
( ) ( )( ) ( ) ( )( )eA,eAq NNiNNijNNiNNij δθθθθ −−+−−+−+−−+ −−= 121111121111   

 10 

[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 15 

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 78–81 when 

focusing on one of two solutions of q which does not include δ. 

[0279] 20 

Math 84 

Condition #3 
( ) ( )( ) ( ) ( )( ) )12210 ;(  ,for        21112111 −−=≠∀∀≠ +−++−+ N,N,,,,y,xyxyxee yNiyNijxNixNij θθθθ  

 

[0280] 25 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

eieu(Ni+0eife 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)` 
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 Next, design requirements for not only θ11 and θ12, but also for λ and δ are 

described. It suffices to set λ to a certain value; it is then necessary to establish 

requirements for δ. The following describes the design method for δ when λ is set to 

zero radians. 

[0281] 5 

 In this case, similar to the method of changing the precoding weights in a 

four-slot period (cycle), by defining δ so that π/2 radians ≤ |δ| ≤ π radians, excellent 

reception quality is achieved, particularly in an LOS environment. 

[0282] 

 In each symbol number Ni through Ni + N − 1 , two points labeled q exist 10 

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. 

[0283] 15 

Math 85 

Condition #4 
( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0,(  ,for      21112111 −−=∀∀≠ −+−++−+ NNyxyxee yNiyNijxNixNij


δθθθθ  

and 
( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for       21112111 −−=≠∀∀≠ −+−+−+−+ NNyxyxyxee yNiyNijxNixNij


δδ θθθθ  20 

 

[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 

high probability of even distribution). 25 

 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 

ei( 6 )2i(Ni+0+ A.+6.) ,s2(Ni + k)  [0268] 20Furthermore, for symbol number Ni + N - 1: [0269] Math 79
Equation 77 (rl\Ni + N -0\ _21e10\ ( r2(Ni + N-01 NE ei ,  eion(m_EN,)\ skNi + N -1)\ e 921(Ni-EN-1)
eiv2l(Ni-EN-0-1-5) s2(Ni + N  [0270] 5As a result, when q 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): [0271] 10 Math 80 Equation 78 q = -A e 1(011(NO- 0 21(4 , - A e 1(011(NO- 0 21(m)-
s) [0272] 15 For symbol number Ni + 1: [0273] Math 81 
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multiplexing 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 of the reception device is as 

described in Embodiment 1, and in particular with regards to the structure of the 5 

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 10 

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 

described in Embodiment 1, however, the present invention may be similarly 15 

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 

information, and the like, may be arranged in the frame in any way. 20 

[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 

each element in the precoding weight matrix is equivalent. In the present 25 

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

[0288] 

Equation 79 q- A e1(Gi1(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 ej(01 i(Ni+0-021(Ni+k)), - A ej(01 i(Ni+k)-021(Ni+k)-s) [0276] 5Furthermore, for
symbol number Ni + N - 1: [0277] Math 83 Equation 81 q = -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 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 15 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 q not to have the same solution, the following condition is necessary from
Equations 78-81 when focusing on one of two solutions of q which does not include 6. 20[0279] Math
84 Condition #3 e+ 6) 21( NI+ x)) eJ(811(m Y)-921(m+Y))for V x,V y (x y; x, y = 0,1,2,  ,N - 2,N -1) 
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 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 Embodiment 2, processing represented as below is 

performed on each symbol number. Let β be a positive real number, and β ≠ 1. 

For symbol number Ni (where i is an integer greater than or equal to zero): 5 

[0289] 

Math 86 

Equation 82 
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 10 

[0290] 

 Here, j is an imaginary unit. 

For symbol number Ni + 1: 

[0291] 

Math 87 15 

Equation 83 
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[0292] 

 When generalized, this equation is as follows. 20 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0293] 

Math 88 

25[0280] (xis 0,1, 2,...,N- 2,N- Eyis 0, 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 achieved, particularly in an LOS environment [0282] 10In each symbol number Ni
through Ni + N - 1, two points labeled q 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 efor V x,Vy (x, y = 0,1,2,   ,N - 2,N -1) and
20e1(9,Y)-921(1V,+Y)-5) for Vx, Vy (x y; x, y = 0,1,2,    ,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 25high probability of even distribution).       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  multiplexing 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 of the reception 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 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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Equation 84 
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[0294] 

 Furthermore, for symbol number Ni + N − 1: 5 

[0295] 

Math 89 

Equation 85 
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 10 

[0296] 

 Accordingly, r1 and r2 are represented as follows. 

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

[0297] 

Math 90 15 

Equation 86 
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[0298] 

 Here, j is an imaginary unit. 20 

For symbol number Ni + 1: 

[0299] 

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]           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 Embodiment 2, processing represented as below is performed on each symbol number. Let 13
be a positive real number, and 13 # 1. 5 For symbol number Ni (where i is an integer greater than or
equal to zero): [0289] Math 86 Equation 82 zl(Ni)" z2,(1?10, (No 1eit9i1(NoxeA9i10 si(N IIi 2 fl +1
fixet921(Noei(t921(NO2F5)s2(Ni)1  10 [0290] Here, j is an imaginary unit. For symbol number Ni + 1: 
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Math 91 

Equation 87 
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[0300] 5 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0301] 

Math 92 

Equation 88 10 
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[0302] 

 When generalized, this equation is as follows. 

For symbol number Ni + N − 1: 15 

[0303] 

Math 93 

Equation 89 
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 20 

[0304] 

 In this case, it is assumed that only components of direct waves exist in the 

channel elements h11(t), h12(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 

these assumptions, Equations 86–89 can be represented as follows. 25 

[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) ( sl(Ni + s2(Ni + k)  11)82 +1   
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For symbol number Ni (where i is an integer greater than or equal to zero): 

[0305] 

Math 94 

Equation 90 
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[0306] 

 Here, j is an imaginary unit. 

For symbol number Ni + 1: 

[0307] 10 

Math 95 

Equation 91 
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[0308] 15 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0309] 

Math 96 

Equation 92 20 
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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 ( rl(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) 
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[0310] 

 Furthermore, for symbol number Ni + N − 1: 

[0311] 

Math 97 

Equation 93 5 
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[0312] 

 In Equations 90–93, let A be a real number and q be a complex number. 

Equations 90–93 can be represented as follows. 10 

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

[0313] 
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[0314] 

 Here, j is an imaginary unit. 

For symbol number Ni + 1: 

[0315] 20 

Math 99 

Equation 95 
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S2(NO,  [0298] 20Here, j is an imaginary unit. For symbol number Ni + 1: [0299]  Math 91 Equation 87
( rl(Ni +1) +1), 1( hil(Ni +1)+ h21(Ni -Fh22 (Ni fix e.1(0 "(M+1)+ ( Sl(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 
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[0316] 

 When generalized, this equation is as follows. 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0317] 5 

Math 100 

Equation 96 
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[0318] 10 

 Furthermore, for symbol number Ni + N − 1: 

[0319] 

Math 101 

Equation 97 
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[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): 20 

[0321] 

Math 102 

Equation 98 

( ) ( )( ) ( ) ( )( )eA,e
Aq NiNijNiNij δθθβθθ
β

−−− −−= 21112111   

10 Equation 88  rl(Ni + J2(Ni + 1   h"(Ni + k) \ h21(Ni  k) 1112(Ni + h22(Nik), e, am,+k) 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: 
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[0322] 

For symbol number Ni + 1: 

[0323] 

Math 103 5 

Equation 99 

( ) ( )( ) ( ) ( )( )eA,e
Aq NiNijNiNij δθθβθθ
β

−+−++−+ −−= 121111121111   

 

[0324] 

 When generalized, this equation is as follows. 10 

For symbol number Ni + k (k = 0, 1, …, N − 1): 

[0325] 

Math 104 

Equation 100 

( ) ( )( ) ( ) ( )( )eA,e
Aq kNikNijkNikNij δθθβθθ
β

−+−++−+ −−= 21112111   15 

 

[0326] 

 Furthermore, for symbol number Ni + N − 1: 

[0327] 

Math 105 20 

Equation 101 

( ) ( )( ) ( ) ( )( )eA,e
Aq NNiNNijNNiNNij δθθβθθ
β

−−+−−+−+−−+ −−= 121111121111   

 

[0328] 

[0303] Math 93 Equation 89 rl(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)  Jo 1  [A e p2+1 A eJo :L
e/WM) j01(Ni) ) X e 2   (No+A 
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 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, 

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, 5 

the following condition is necessary from Equations 98–101 when focusing on one 

of two solutions of q which does not include δ. 

[0329] 

Math 106 

Condition #5 10 
( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for     21112111 −−=≠∀∀≠ +−++−+ NNyxyxyxee yNiyNijxNixNij

θθθθ  

 

[0330] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

 Next, design requirements for not only θ11 and θ12, but also for λ and δ are 15 

described. It suffices to set λ to a certain value; it is then necessary to establish 

requirements for δ. The following describes the design method for δ when λ is set to 

zero radians. 

[0331] 

 In this case, similar to the method of changing the precoding weights in a 20 

four-slot period (cycle), by defining δ so that π/2 radians ≤ |δ| ≤ π radians, excellent 

reception quality is achieved, particularly in an LOS environment. 

[0332] 

 In each of symbol numbers Ni through Ni + N − 1, two points q exist where 

reception quality becomes poor, and therefore 2N such points exist. In an LOS 25 

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 β is a positive real number, and β ≠ 1, Condition #6 is necessary. 

x e1v21(No+A8) l  sl(Ni) s 2(Ni ))  [0306] Here, j is an imaginary unit. For symbol number Ni + 1:
10[0307] Math 95 Equation 91 I rl(Ni +1) r2(1\Ti +1)/ Jo 1   [A e 1p2+1 A eJo q. \  [ eion(Ni+i)fix
eion(Ni+0+,.\ qi fix e1e21vi+1)e1(821(Ni+0+,1+8) + s2lNi +Hy     
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[0333] 

Math 107 

Condition #6 
( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for       21112111 −−=≠∀∀≠ −+−+−+−+ NNyxyxyxee yNiyNijxNixNij


δδ θθθθ  

 5 

[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 

multiplexing MIMO system, is achieved in an LOS environment in which direct 10 

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 

reception device, operations have been described for a limited number of antennas, 15 

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 

correction codes are not limited. 20 

[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 

embodied by changing the precoding weights by using a multi-carrier transmission 25 

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

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

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(0u(Ni+4-1)` sl(Aii+k) xeJon(m+k)1(021(1+0+2+8)?
\.s2,0Ti+k q/06  [0310] Furthermore, for symbol number Ni + N - 1: [0311] Math 97 5 Equation 93 (
r11Ni N -1Y N -1) 1A el 
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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) 

 In Embodiment 3, the method of regularly hopping between precoding 5 

weights has been described for the example of two types of amplitudes for each 

element in the precoding weight matrix, 1 and β. 

[0338] 

 In this case, the following 

[0339] 10 

Math 108 

1

1
2 +β

 

[0340] 

is ignored. 

[0341] 15 

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

sake of contrast with Embodiment 3, the case of changing precoding weights over a 

2 × N-slot period (cycle) is described. 

[0342] 

 Making the same considerations as in Embodiment 1, Embodiment 2, and 20 

Embodiment 3, processing represented as below is performed on symbol numbers. 

Let β b e a positive real number, and β ≠ 1 . Furthermore, let α be a positive real 

number, and α ≠ β. 

For symbol number 2Ni (where i is an integer greater than or equal to zero): 

[0343] 25 

Math 109 

Vfi2-F1 \ A' q'\( 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 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  rkNi17 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 
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Equation 102 
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[0344] 

Here, j is an imaginary unit. 5 

For symbol number 2Ni + 1: 

[0345] 

Math 110 

Equation 103 
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[0346] 

 When generalized, this equation is as follows. 

For symbol number 2Ni + k (k = 0, 1, …, N − 1): 

[0347] 15 

Math 111 

Equation 104 
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[0348] 20 

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

[0349] 

Equation 95  j0 e q ( eiti"(m+1) x ei 6 I 21(m+1) fix  eA 9110'0+0 7 *NJ + ei(6 121(M* 2+5) 7\s20?Ii +1)
Jo `-r2(Ni +1).1132 +1 \.e. I     [0316]        When generalized, this equation is as follows. For symbol
number Ni + k (k = 0, 1,N - 1): 5[0317] Math 100 Equation 96   rl(Ni + k)\ \,r2(Ni + k)  7el0 \ 
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Math 112 

Equation 105 
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[0350] 5 

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

[0351] 

Math 113 

Equation 106 
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[0352] 

 Here, j is an imaginary unit. 

For symbol number 2Ni + N + 1: 

[0353] 15 

Math 114 

Equation 107 
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[0354] 20 

 When generalized, this equation is as follows. 

For symbol number 2Ni + N + k (k = 0, 1, …, N − 1): 

[0355] 

(A et o io2+1,e  8 0(m-Ek) \ 13 X e 492.tm-E9  r(m_EkyHty\ fix eskNi + lc) \ ei(r) 2,(N-0-t-Es)s2(Ni + k)/
10[0318]  Furthermore, for symbol number Ni + N - 1:  [0319] Math 101 Equation 97 rl(N + N - ,r 2(N +
N -II/32 +1  e Ale(m+N+)fl x 6/011(m+N+)+ty 10(.51011 + N -1Y e 
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Math 115 

Equation 108 

( )
( )

( ) ( )( )
( ) ( )( )

( )
( )






++
++















×

×

+
=








++
++

++++++

+++++

kNNis
kNNis

kNNiz
kNNiz

ee
ee

kNNijkNNij

kNNijkNNij

22
21

1

1
22
21

22

22

2 2121

1111

δλ

λ

θθα

θαθ

α
 

 

[0356] 5 

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

[0357] 

Math 116 

Equation 109 
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[0358] 

 Accordingly, r1 and r2 are represented as follows. 

For symbol number 2Ni (where i is an integer greater than or equal to zero): 

[0359] 15 

Math 117 

Equation 110 
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[0360] 20 

 Here, j is an imaginary unit. 

For symbol number 2Ni + 1: 

[0361] 

Math 118 

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(N0-021(N0-8)  [0322] For symbol number Ni + 1: [0323] 5 Math 103 Equation 99 q = --A A
i21(N1+1 Afiej(011(Ni+1)-821(Ni+1)-(7)  [0324] 10When generalized, this equation is as follows. For
symbol number Ni + k (k = 0, 1,N - 1): [0325] Math 104 Equation 100 A 
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[0362] 

 When generalized, this equation is as follows. 5 

For symbol number 2Ni + k (k = 0, 1, …, N − 1): 

[0363] 

Math 119 

Equation 112 
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[0364] 

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

[0365] 

Math 120 15 

Equation 113 
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[0366] 

For symbol number 2Ni + N (where i is an integer greater than or equal to zero): 20 

[0367] 

Math 121 

Equation 114 
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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_.(0(Ni+N-1)-(92iN +N-1)-8) [0328]           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, 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 q 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 S. [0329] Math 106 10 Condition #5 # e2,(m-EY)) for V x,Vy (x # y; x,y = 0,1,2,
, N - 2,N -1) [0330] (x is 0, 1, 2, ..., N - 2, N - 1; y is 0, 1, 2, ..., N - 2, N - 1; and x y.) 15Next, design
requirements for not only 011 and 012, but also for X, and 6 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 6 when X, is set to zero radians. [0331] 20In this case, similar to the method of changing
the precoding weights in a four-slot period (cycle), by defining 6 so that )1/2 radians < 8 < TE radians,
excellent reception quality is achieved, particularly in an LOS environment [0332] In each of symbol
numbers Ni through Ni + N - 1, two points q exist where 



92 

 

[0368] 

Here, j is an imaginary unit. 

For symbol number 2Ni + N + 1: 

[0369] 5 

Math 122 

Equation 115 
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[0370] 10 

 When generalized, this equation is as follows. 

For symbol number 2Ni + N + k (k = 0, 1, …, N − 1): 

[0371] 

Math 123 

Equation 116 15 
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[0372] 

 For symbol number 2Ni + 2N − 1: 

[0373] 20 

Math 124 

Equation 117 
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[0374] 25 

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 (x y; 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
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 20correction 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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 In this case, it is assumed that only components of direct waves exist in the 

channel elements h11(t), h12(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 

these assumptions, Equations 110–117 can be represented as follows. 

For symbol number 2Ni (where i is an integer greater than or equal to zero): 5 

[0375] 

Math 125 

Equation 118 
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 10 

[0376] 

 Here, j is an imaginary unit. 

For symbol number 2Ni + 1: 

[0377] 

Math 126 15 

Equation 119 
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[0378] 

 When generalized, this equation is as follows. 20 

For symbol number 2Ni + k (k = 0, 1, …, N − 1): 

[0379] 

Math 127 

Equation 120 

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 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] 20Making the same considerations as in
Embodiment 1, Embodiment 2, and Embodiment 3, processing represented as below is performed on
symbol numbers. Let 13 be a positive real number, and r# 1 . Furthermore, let a be a positive real
number, and a # 13.      For symbol number 2Ni (where i is an integer greater than or equal to zero):
25[0343] Math 109  09"(2A0+2)\ fixesg2Nip J(021(2No+ 2+5)s2(2Ni)1 [0344] 
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[0380] 

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

[0381] 5 

Math 128 

Equation 121 
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[0382] 10 

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

[0383] 

Math 129 

Equation 122 
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[0384] 

 Here, j is an imaginary unit. 

For symbol number 2Ni + N + 1: 

[0385] 20 

Math 130 

Equation 123 
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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 7z1l2Ni + N -0\ + N -1) 
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[0386] 

 When generalized, this equation is as follows. 

For symbol number 2Ni + N + k (k = 0, 1, …, N − 1): 

[0387] 5 

Math 131 

Equation 124 
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[0388] 10 

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

[0389] 

Math 132 

Equation 125 
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[0390] 

 In Equations 118–125, let A be a real number and q be a complex number. 

Equations 118–125 can be represented as follows. 

For symbol number 2Ni (where i is an integer greater than or equal to zero): 20 
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Math 133 

Equation 126 
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1ei ii(2N-N-1) fi2 +1x e,oz,(2m_EN_i)  x e(2.Ni_EN_0+,0\ s42Ni + N -0\ e10 z,(2Ni_EN_iyHt_Ec5)
j,s2(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)    
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[0392] 

 Here, j is an imaginary unit. 

For symbol number 2Ni + 1: 

[0393] 5 

Math 134 

Equation 127 
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[0394] 10 

 When generalized, this equation is as follows. 

For symbol number 2Ni + k (k = 0, 1, …, N − 1): 

[0395] 

Math 135 
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[0396] 

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

[0397] 20 
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Equation 129 
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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+ALkk)At 9 z,(2Ni+N+0+2+8) ,s2(2Ni + N + k) 5[0356] Furthermore, for
symbol number 2Ni + 2N - 1: 
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[0398] 

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

[0399] 

Math 137 5 
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[0400] 

 Here, j is an imaginary unit. 10 

For symbol number 2Ni + N + 1: 

[0401] 

Math 138 

Equation 131 
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[0402] 

 When generalized, this equation is as follows. 

For symbol number 2Ni + N + k (k = 0, 1, …, N − 1): 

[0403] 20 

Math 139 

Equation 132 
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[0404] 25 

10 [0357] Math 116 Equation 109  en zi(2Ni + 2N -1io(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\l(9,,(2m)x si(2m)`
r2(2Ni)1(84E) it +1 7121(2Ni) h22 (2Ni)2x ei921(221(2N-E8) s2(2Ni) M) 20[0360] Here, j is an
imaginary unit. For symbol number 2Ni + 1: [0361] Math 118 
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 Furthermore, for symbol number 2Ni + 2N − 1: 

[0405] 

Math 140 

Equation 133 
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[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): 10 

[0407] 

Math 141 

Equation 134 

( ) ( )( ) ( ) ( )( )eA,e
Aq NiNijNiNij δθθβθθ
β

−−− −−= 221211221211   

 15 

[0408] 

For symbol number 2Ni + 1: 

[0409] 

Math 142 

Equation 135 20 

( ) ( )( ) ( ) ( )( )eA,e
Aq NiNijNiNij δθθβθθ
β

−+−++−+ −−= 1221121112211211   

 

[0410] 

 When generalized, this equation is as follows. 

For symbol number 2Ni + k (k = 0, 1, …, N − 1): 25 

Equation 111  0(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 / sI 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)\ 
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[0411] 

Math 143 

Equation 136 

( ) ( )( ) ( ) ( )( )eA,e
Aq kNikNijkNikNij δθθβθθ
β

−+−++−+ −−= 221211221211   

 5 

[0412] 

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

[0413] 

Math 144 

Equation 137 10 

( ) ( )( ) ( ) ( )( )eA,e
Aq NNiNNijNNiNNij δθθβθθ
β

−−+−−+−+−−+ −−= 1221121112211211   

 

[0414] 

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

[0415] 15 

Math 145 

Equation 138 

( ) ( )( ) ( ) ( )( )eA,e
Aq NNiNNijNNiNNij δθθαθθ
α

−+−++−+ −−= 221211221211   

 

[0416] 20 

For symbol number 2Ni + N + 1: 

[0417] 

Math 146 

Equation 139 

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),{+o) ,(9 sI   h2Ni+ N -1)\ 0'2 2Ni+ N -1)  + 1 fl     
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( ) ( )( ) ( ) ( )( )eA,e
Aq NNiNNijNNiNNij δθθαθθ
α

−++−++++−++ −−= 1221121112211211   

 

[0418] 

 When generalized, this equation is as follows. 

For symbol number 2Ni + N + k (k = 0, 1, …, N − 1): 5 

[0419] 

Math 147 

Equation 140 

( ) ( )( ) ( ) ( )( )eA,e
Aq kNNikNNijkNNikNNij δθθαθθ
α

−++−++++−++ −−= 221211221211   

 10 

[0420] 

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

[0421] 

Math 148 

Equation 141 15 

( ) ( )( ) ( ) ( )( )eA,e
Aq NNiNNijNNiNNij δθθαθθ
α

−−+−−+−+−−+ −−= 12221122111222112211   

 

[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, 20 

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 

[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(2mNI)a e)(6111(2MN1)" )^2(2Ni+ N+1)12+ 1 h21 (2Ni + N +1)
h22 (2N + N +1),ax e)82i(2m,1) e)(82,(2m,ols) a  sl 2Ni+ N +1Y s 2Ni + N +1) 
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the fact that α ≠ β  when focusing on one of two solutions of q which does not 

include δ. 

[0423] 

Math 149 

Condition #7 5 
( ) ( )( ) ( ) ( )( ) )12210 ;(  ,for        221211221211 −−=≠∀∀≠ +−++−+ N,N,,,,y,xyxyxee yNiyNijxNixNij θθθθ  

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

and 
( ) ( )( ) ( ) ( )( ) )12210 ;(  ,for        221211221211 −−=≠∀∀≠ ++−++++−++ N,N,,,,y,xyxyxee yNNiyNNijxNNixNNij θθθθ  

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 10 

 

[0424] 

Math 150 

Condition #8 
( ) ( )( ) ( ) ( )( ) )1222210 ;(  ,for        221211221211 −−=≠∀∀≠ +−++−+ N,N,,,,y,xyxyxee yNiyNijxNixNij θθθθ  15 

 

[0425] 

 In this case, Condition #8 is similar to the conditions described in 

Embodiment 1 through Embodiment 3. However, with regards to Condition #7, 

since α ≠ β, the solution not including δ among the two solutions of q is a different 20 

solution. 

[0426] 

 Next, design requirements for not only θ11 and θ12, but also for λ and δ are 

described. It suffices to set λ to a certain value; it is then necessary to establish 

requirements for δ. The following describes the design method for δ when λ is set to 25 

zero radians. 

[0427] 

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+2N-0 eiv92,(2.N-2.N-o+a+5) s2(2Ni+ 2N -1),  25[0374] 
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 In this case, similar to the method of changing the precoding weights in a 

four-slot period (cycle), by defining δ so that π/2 radians ≤ |δ| ≤ π radians, excellent 

reception quality is achieved, particularly in an LOS environment. 

[0428] 

 In symbol numbers 2Ni through 2Ni + 2N − 1 , two points q exist where 5 

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 α ≠ β.  

[0429] 10 

Math 151 

Condition #9 

β
α 1
≠  

 

[0430] 15 

 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. 20 

[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, 

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

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

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)e1(e 21(2 No+2-5) ,  s1(2N1)'\
s2.(2.NO, \r2(2NO, 1/132 + 1     10 [0376] Here, j is an imaginary unit. For symbol number 2Ni + 1:
[0377] 15 Math 126 Equation 119  r1(2Ni +1)` ,r2(2Ni +1) o 
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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] 

 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. 

[0433] 

(Embodiment 5) 

 In Embodiment 1 through Embodiment 4, the method of regularly hopping 15 

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 

between precoding weights as in Fig. 6 has been described. In the present 20 

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 

(matrices). Fig. 22 shows the hopping method that differs from Fig. 6. In Fig. 22, 25 

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 

1A el q\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] 
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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. 

· The first period (cycle) 2201, the second period (cycle) 2202, the third period 5 

(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 

period (cycle) 2201, the second period (cycle) 2202, the third period (cycle) 2203, 10 

…. 

 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 

unit 600 receives, as inputs, this information, s1(t), and s2(t), performs weighting, 15 

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 

Fig. 22 is achieved by providing a reordering unit after the weighting unit and by 20 

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 

precoding weights in the order of precoding weights W1, W2, W3, W4, W1, W2, 25 

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. 

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(92.10IyHt+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: 
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[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). 5 

[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 10 

four slots. 

[0440] 

 Furthermore, in Embodiment 1 through Embodiment 4, and in the above 

precoding method, within the period (cycle), the value of δ and β has been described 

as being the same for each slot, but the value of δ and β may change in each slot. 15 

[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 20 

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, 25 

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. 

20[0385] Math 130 Equation 123 r1(2Ni + N +0 \ r2(2Ni + N +0,  [0386]    10[0388] Furthermore, for
symbol number 2Ni + 2N - 1: [0389] Math 132 Equation 125 15r1(2Ni + 2N -1) \.r2(2Ni + 2N -1),    JoJ
opm-h2N Ae q e a x eA0i1(2A 4+2N-1Fr111 s1(2Ni+ 2N -1Y +), e,(02,(2N,+2N,}.5)2N -1  
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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 

changing the precoding weights in the time domain has been described. As 5 

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 10 

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 

weights has been described. In the present embodiment, a method for regularly 15 

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 

precoding matrix is described for a 2 × 2 spatial multiplexing MIMO system that 20 

adopts precoding in which feedback from a communication partner is not available. 

[0446] 

 Fig. 30 shows a model of a 2 × 2 spatial multiplexing MIMO system that 

adopts precoding in which feedback from a communication partner is not available. 

An information vector z is encoded and interleaved. As output of the interleaving, an 25 

encoded bit vector u(p) = (u1(p), u2(p)) is acquired (where p is the slot time). Let 

ui(p) = (ui1(p), …, uih(p)) (where h is the number of transmission bits per symbol). 

Letting a signal after modulation (mapping) be s(p) = (s1(p), s2(p))T and a precoding 

1         ejox el2?01 4+2N-1)   11az +1          [0390]        In Equations 118-125, let A be a real number
and q be a complex number. Equations 118-125 can be represented as follows. 
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matrix be F(p), a precoded symbol x(p) = (x1(p), x2(p))T is represented by the 

following equation. 

[0447] 

Math 152 

Equation 142 5 

( ) ( ) ( )( )
( ) ( )pp

p pxpx
T

sF

x

=

=

        
21 ,

 

 

[0448] 

 Accordingly, letting a received vector be y(p) = (y1(p), y2(p))T, the received 

vector y(p) is represented by the following equation. 10 

[0449] 

Math 153 

Equation 143 

( ) ( ) ( )( )
( ) ( ) ( ) ( )pppp

p pypy T

nsFH

y

+=

=

         
21 ,

 

 15 

[0450] 

 In this Equation, H(p) is the channel matrix, n(p) = (n1(p), n2(p))T is the 

noise vector, and ni(p) is the i.i.d. complex Gaussian random noise with an average 

value 0 and variance σ2. Letting the Rician factor be K, the above equation can be 

represented as follows. 20 

[0451] 

Math 154 

Equation 144 

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 number 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 e] 10   ei0,12Ni-kk)fix
ei(011(2.Ni-ko-k4 sk2Ni + 1c1\ 
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[0452] 

 In this equation, Hd(p) is the channel matrix for the direct wave components, 

and Hs(p) is the channel matrix for the scattered wave components. Accordingly, the 5 

channel matrix H(p) is represented as follows. 

[0453] 

Math 155 

Equation 145 
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[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 

matrix Hd(p) for the direct wave components does not fluctuate with time. 15 

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 

fix e;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 q apvi+N_i)fi x e1(011(2vi+N_1)+2-, 7 542Ni + N
-1Y x e3021(2M+N-1) e3(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 + 
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wave components can be treated as a non-singular matrix. Accordingly, the channel 

matrix Hd(p) is represented as follows. 

[0455] 

Math 156 

Equation 146 5 
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[0456] 

 In this equation, let A be a positive real number and q be a complex number. 

Subsequently, out of consideration of an LOS environment, a method of designing a 10 

precoding matrix is described for a 2 × 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 

without appropriate feedback in conditions including scattered waves, since it is 15 

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 

environment (precoding matrices for a precoding method that hops between 20 

precoding matrices over time). 

[0458] 

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)-4I axe+ N + axe 302,(2NixNxo,zi(2NixN-frox xfra)s2(2Ni + N + 
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 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 

of only direct waves is considered. It follows that from Equation 146, Equation 144 5 

can be represented as follows. 

[0459] 

Math 157 

Equation 147 
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[0460] 

 In this equation, a unitary matrix is used as the precoding matrix. 

Accordingly, the precoding matrix is represented as follows. 

[0461] 15 

Math 158 

Equation 148 
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[0462] 20 

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 Ie 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 q = A A011(2Ni)-021_e A011(210- 0 21(2N )-(5) 15 
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 In this equation, λ is a fixed value. Therefore, Equation 147 can be 

represented as follows. 

[0463] 

Math 159 

Equation 149 5 
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[0464] 

 As is clear from Equation 149, when the reception device performs linear 

operation of Zero Forcing (ZF) or the Minimum Mean Squared Error (MMSE), the 10 

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 

with error correction codes is performed. Accordingly, the following describes a 15 

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 

left-hand side of the first line are multiplied by e-jΨ, and similarly the right-hand side 20 

and left-hand side of the second line are multiplied by e-jΨ. The following equation 

represents the result. 

[0466] 

Math 160 

Equation 150 25 

[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 



112 

( )
( )

( ) ( )( )
( ) ( )( )

( )
( ) ( )

( ) ( )( )
( ) ( )( )

( )
( ) ( )p
ps
ps

qA
qA

p
ps
ps

qA
qA

p

p

eee
ee

ee
ee

ee
ee

e
ee

ye
ye

j
pjpj

pjpj

jj

jj

pjpj

pjpj

j

j
j

j

j

n

n

ψ

πλ

λ

ψ

ψ

πλ

λ

ψ

ψ
ψ

ψ

ψ

θθ

θθ

θθ

θθ

α
α

α

α
α

α
−

++

+

−

−

++

+
−

−

−

+































+
=













+































+
=















×
×

×
×

2
1

1

1

2
1

1

1

2121

1111

2121

1111

0

0

2

2

2

1

 

 

[0467] 

 e-jΨy1(p), e-jΨy2(p), and e-jΨq are respectively redefined as y1(p), y2(p), and q. 

Furthermore, since e-jΨn(p) = (e-jΨn1(p), e-jΨn2(p))T, and e-jΨn1(p), e-jΨn2(p) are the 5 

independent identically distributed (i.i.d.) complex Gaussian random noise with an 

average value 0 and variance σ2, e-jΨn(p) is redefined as n(p). As a result, generality 

is not lost by restating Equation 150 as Equation 151. 

[0468] 

Math 161 10 

Equation 151 
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[0469] 

 Next, Equation 151 is transformed into Equation 152 for the sake of clarity. 15 

[0470] 

Math 162 

Equation 152 

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 q =e vw2Ni+N)-9242Ni+N)) _ Aa e1(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)) ,_ A a
eiG911(2Ni+N+1)-921(2Ni+N +1)-(5) [0418] When generalized, this equation is as follows. 5 For
symbol number 2Ni + N + k (k = 0,1, ..., N - 1): [0419] Math 147 
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[0471] 

 In this case, letting the minimum Euclidian distance between a received 

signal point and a received candidate signal point be dmin
2, then a poor point has a 5 

minimum value of zero for dmin
2, and two values of q 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] 

 In Equation 152, when s1(p) does not exist. 10 

[0473] 

Math 163 

Equation 153 

( ) ( )( )e ppjAq θθ
α

2111
−−=

 

 15 

[0474] 

 In Equation 152, when s2(p) does not exist. 

[0475] 

Math 164 

Equation 154 20 

( ) ( )( )e ppjAq πθθα −−−= 2111
 

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 q 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 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  the fact that13 when focusing on
one of two solutions of q which does not include S. [0423] Math 149 
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[0476] 

 (Hereinafter, the values of q satisfying Equations 153 and 154 are 

respectively referred to as “poor reception points for s1 and s2”). 

 When Equation 153 is satisfied, since all of the bits transmitted by s1(p) are 5 

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). 

[0477] 10 

 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 (Γ terminals) 

receive the modulated signals transmitted by the base station. 15 

[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 

156 and that is in an LOS environment where the Rician factor is large, the 20 

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 

Equation 155 25 

( ) ( )( )e ppjAq θθ
α

2111
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5 Condition #7 itent2m+4-021(2Ni+4)t e1(011(2Ni+Y)-021(2Ni+Y))for Vx, Vy (x t y; x, y = 0,1,2,   , N -
2,N -1) (x is 0 , 1, 2, ..., N - 2, N - 1; y is 0, 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 (x y; 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 (x y 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, with regards to Condition #7, 20 since a #13, the solution not including 6 among the two
solutions of q is a different solution. [0426]        Next, design requirements for not only Oil and 012, but
also for X, and 6 are described. It suffices to set X, to a certain value; it is then necessary to establish
25 requirements for S. The following describes the design method for 6 when X, is set to zero radians.
[0427]          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 < .3 < TE radians, excellent reception quality is achieved,
particularly in an LOS environment 
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[0480] 

Math 166 

Equation 156 

( ) ( )( )e ppjAq πθθα −−−≈ 2111
 5 

 

[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) 

is considered. 10 

[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. 

[0483] 15 

Math 167 

Equation 157 
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[0484] 20 

 In this equation, let α not change over time, and let λ also not change over 

time (though change over time may be allowed). 

[0485] 

[0428] 5In 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 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 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
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 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 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) 15In 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. 



116 

 As in Embodiment 1, F[i] is the precoding matrix used to obtain a precoded 

signal x (p = N × k + i) in Equation 142 for time N × k + i (where k is an integer 

equal to or greater than 0, and i = 0, 1, …, N − 1). The same is true below as well. 

[0486] 

 At this point, based on Equations 153 and 154, design conditions such as the 5 

following are important for the precoding matrices for precoding hopping. 

[0487] 

Math 168 

Condition #10 

Equation 158 10 
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[0488] 

Math 169 

Condition #11 15 

Equation 159 
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[0489] 

 From Condition #10, in all of the Γ terminals, there is one slot or less 20 

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 Γ terminals, there 

is one slot or less having poor reception points for s2 among the N slots in a time 

[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 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. Wl, W2, W3,
and W4 are each used once.      It is not necessary for Wl, W2, W3, and W4 to be in the same order in
the first 10period (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 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 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 Wl, W2, W3, W4, Wl, W2, W3, W4, .... Accordingly, the
weighting unit 600 uses the precoding weights in the order of precoding weights Wl, W2, W3, W4, Wl,
W2, W3, W4, ... and outputs precoded signals 2300A and 2300B.  [0438] 
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period (cycle). Accordingly, the log-likelihood ratio for bits transmitted by s2(p) can 

be obtained for at least N − 1 slots. 

[0490] 

 In this way, by providing the precoding matrix design model of Condition 

#10 and Condition #11, the number of bits for which the log-likelihood ratio is 5 

obtained among the bits transmitted by s1(p), and the number of bits for which the 

log-likelihood ratio is obtained among the bits transmitted by s2(p) is guaranteed to 

be equal to or greater than a fixed number in all of the Γ terminals. Therefore, in all 

of the Γ terminals, it is considered that degradation of data reception quality is 

moderated in an LOS environment where the Rician factor is large. 10 

[0491] 

 The following shows an example of a precoding matrix in the precoding 

hopping method. 

[0492] 

 The probability density distribution of the phase of a direct wave can be 15 

considered to be evenly distributed over [0 2π]. 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 2π]. Accordingly, the following is established as a 

condition for providing fair data reception quality insofar as possible for Γ terminals 

in the same LOS environment in which only the phase of q differs. 20 

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 s1 are 

arranged to have an even distribution in terms of phase, and the poor reception 

points for s2 are arranged to have an even distribution in terms of phase. 25 

[0493] 

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
Embodiment 4, however, the 10 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 .3 and 13 has been described 15
as being the same 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 MEMO system, the advantageous effect of improved transmission quality, as
compared to conventional spatial 20 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 25 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 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, 10such 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. 
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 The following describes an example of a precoding matrix in the precoding 

hopping method based on Condition #10 through Condition #12. Let α = 1.0 in the 

precoding matrix in Equation 157. 

(Example #5) 

 Let the number of slots N in the time period (cycle) be 8. In order to satisfy 5 

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 

Equation 160 10 
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[0495] 

 Here, j is an imaginary unit, and i = 0, 1, …, 7. Instead of Equation 160, 

Equation 161 may be provided (where λ and θ11[i] do not change over time (though 15 

change may be allowed)). 

[0496] 

Math 171 

Equation 161 
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[0497] 

[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 MEMO system that adopts precoding in which feedback from a communication
partner is not available. 25 An information vector z is encoded and interleaved. As output of the
interleaving, an encoded bit vector u(p) = 0.11(p), u2(p)) is acquired (where p is the slot time). Let
u1(p) = (u,i(p), u,h(p)) (where h is the number of transmission bits per symbol). Letting a signal after
modulation (mapping) be 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),x2(P))T = F(P)s(P) [0448]            Accordingly, letting a received vector be y(p) = (y,(p), y2(p))T,
the received 10vector y(p) is represented by the following equation. [0449] Math 153 Equation 143
YU)) = (Y104' Y2 WI H(P)F(P)s(P)+11(P) 15 [0450] 



119 

 Accordingly, the poor reception points for s1 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 (where i = 0, 1, …, 7, and where λ and θ11[i] do not change 

over time (though change may be allowed)). 5 

[0498] 

Math 172 

Equation 162 
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[0499] 

Math 173 

Equation 163 
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[0500] 

 Next, the following is established as a condition, different from Condition 

#12, for providing fair data reception quality insofar as possible for Γ terminals in 

the same LOS environment in which only the phase of q differs. 

Condition #13 20 

 When using a precoding hopping method with an N-slot time period (cycle), 

in addition to the condition 

[0501] 

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. Accordingly, the channel matrix H(p) is represented as follows. [0453] Math 155
Equation 145 H(p)=  K Hd(P)4K+1H s(P) K +1 10K  hii,d 11221  K +1 h r21,d h2241K+1 hii,,(P) hu,s(Pr
h21,5 (P) h22,5(9),  [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 Hd(p)
for the direct wave components does not fluctuate with time. 



120 

Math 174 

Equation 164 
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[0502] 5 

the poor reception points for s1 and the poor reception points for s2 are arranged to 

be in an even distribution with respect to phase in the N slots in the time period 

(cycle). 

[0503] 

 The following describes an example of a precoding matrix in the precoding 10 

hopping method based on Condition #10, Condition #11, and Condition #13. Let α = 

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 

matrices for a precoding hopping method with an N = 4 time period (cycle) are 15 

provided as in the following equation. 

[0504] 

Math 175 

Equation 165 
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[0505] 

 Here, j is an imaginary unit, and i = 0, 1, 2, 3. Instead of Equation 165, 

Equation 166 may be provided (where λ and θ11[i] do not change over time (though 

change may be allowed)). 25 

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) q I  [0456] In this 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 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]         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. 
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[0506] 

Math 176 

Equation 166 

[ ]
[ ] [ ]( )

[ ] [ ] 












=







 +++






 +

+

ee
ee

iijiij

ijij

i
πλππ

λ

θθ

θθ

44 1111

1111

2
1F

 

 5 

[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 λ and θ11[i] do not change over time (though change 10 

may be allowed)). 

[0508] 

Math 177 

Equation 167 
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[0509] 

Math 178 

Equation 168 
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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]  
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[0510] 

 Next, a precoding hopping method using a non-unitary matrix is described. 

[0511] 

 Based on Equation 148, the precoding matrices presently under 

consideration are represented as follows. 5 

[0512] 

Math 179 

Equation 169 
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[0513] 

 Equations corresponding to Equations 151 and 152 are represented as 

follows. 

[0514] 

Math 180 15 

Equation 170 

( )
( )

( ) ( )( )
( ) ( )( )

( )
( ) ( )p
ps
ps

qA
qA

p

p

ee
ee

e
e

y
y

pjpj

pjpj

j

j

n+































+
=















++

+

×
×

2
1

1

1
2121

1111

0

0

2

2

1

δλ

λ

θθ

θθ

α
α

α

 

 

[0515] 

Math 181 20 

Equation 171 

In this equation, X, is represented as follows. [0463] Math 159 5 Equation 149 a fixed value. Therefore.
Equation 147 can be              7 1A ejv Yi (Pr  2A 1/ a + 1 eJeii(p) Jez,(p) q ,axe axes1(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) described in 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 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 ejT, and similarly the right-hand side and left-hand
side of the second line are multiplied by eJT. The following equation represents the result. 
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[0516] 

 In this case, there are two q at which the minimum value dmin
2 of the 

Euclidian distance between a received signal point and a received candidate signal 5 

point is zero. 

[0517] 

 In Equation 171, when s1(p) does not exist: 

[0518] 

Math 182 10 

Equation 172 

( ) ( )( )e ppjAq θθ
α

2111
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[0519] 

 In Equation 171, when s2(p) does not exist: 

[0520] 15 

Math 183 

Equation 173 

( ) ( )( )e ppjAq δθθα −−−= 2111
 

 

[0521] 20 

[0466] Math 160 25 Equation 150      J 17A e' a2  1 e (JO 1 Ate  Jo a2 1 e q\( edam den(p) ,,axe q\(
ede"(p) den(p) iaxe                    \(6)11(P)+21 ( s1(p) aeX42i(p)th4 s2.09), axe (2i1,18},11(P )+ c)\ : 
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 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] 

Math 184 5 

Equation 174 
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[0523] 

 In this equation, let α and δ not change over time. At this point, based on 10 

Equations 34 and 35, design conditions such as the following are provided for the 

precoding matrices for precoding hopping. 

[0524] 

Math 185 

Condition #14 15 

Equation 175 
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[0525] 

Math 186 20 

Condition #15 

Equation 176 

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 q. 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(si(p) .1021(14+2+g)s2,09))-En(P)  [0469] 15Next, Equation 151 is transformed into
Equation 152 for the sake of clarity. 
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[0526] 

(Example #7) 

 Let α = 1.0 in the precoding matrix in Equation 174. Let the number of slots 5 

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] 

For i = 0, 1, …, 7: 10 

[0528] 

Math 187 

Equation 177 
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[0529] 

For i = 8, 9, …, 15: 

[0530] 

Math 188 

Equation 178 20 
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[0470] Math 162 Equation 152  IYI(P)1 2(P)j [ef01(Aej Va2 +1 6/ J02,(p) axe j(9ii(J4HA)( si(p)) axe
e1(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 q 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 s l(p) does not exist. [0473] Math 163 Equation 153 q=eJ011(p)-021(P)) 
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[0531] 

 Furthermore, a precoding matrix that differs from Equations 177 and 178 

can be provided as follows. 

[0532] 

For i = 0, 1, …, 7: 5 

[0533] 

Math 189 

Equation 179 
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[0534] 

For i = 8, 9, …, 15: 

[0535] 

Math 190 

Equation 180 15 

[ ]
[ ] [ ]

[ ] [ ]( ) 












=

+







 +++






 +

ee
ee

ijij

iijiij

i
λ

πλππ

θθ

θθ

1111

1111 8
7

44

2
1F

 

 

[0536] 

 Accordingly, the poor reception points for s1 and s2 become as in Figs. 33A 

and 33B. 20 

[0537] 

a 15 [0474] In Equation 152, when s2(p) does not exist. [0475] Math 164 20 Equation 154 q = -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 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 20156 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 A Mii(P)-021(P)) qae 
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 (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] 

For i = 0, 1, …, 7: 5 

[0539] 

Math 191 

Equation 181 
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[0540] 

For i = 8, 9, …, 15: 

[0541] 

Math 192 

Equation 182 15 
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[0542] 

 or 

For i = 0, 1, …, 7: 20 

[0543] 

Math 193 

[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 F[i] are represented as follows. 15[0483] Math 167 Equation 157
eion[i]axe  F[i]n 1  a2 +1x e 0 2i[i]ej(021H+2+4 20[0484]       In this equation, let a not change over
time, and let X, also not change over time (though change over time may be allowed). [0485]          As
in Embodiment 1, F[i] is the precoding matrix used to obtain a precoded signal x (p = N x k + i) in
Equation 142 for time Nxk+i (where k is an integer equal to or greater than 0, and i = 0, 1,N - 1). The
same is true below as well. [0486] 5At this point, based on Equations 153 and 154, design conditions
such as the 
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Equation 183 
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[0544] 

For i = 8, 9, …, 15: 5 

[0545] 

Math 194 

Equation 184 
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[0546] 

(In Equations 177–184, 7π/8 may be changed to -7π/8.) 

 Next, the following is established as a condition, different from Condition 

#12, for providing fair data reception quality insofar as possible for Γ terminals in 

the same LOS environment in which only the phase of q differs. 15 

Condition #16 

 When using a precoding hopping method with an N-slot time period (cycle), 

the following condition is set: 

[0547] 

Math 195 20 

Equation 185 

following are important for the precoding matrices for precoding hopping. [0487] Math 168 Condition
#10 10 Equation 158 e1(a[]-1921[4# e1(on21[Y]) for Vx, Vy (x= y; x,y=0,1,,N -1) [0488] Math 169 15
Condition #11 Equation 159 e1(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 by sl(p) can 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). Accordingly, the log-likelihood ratio for bits transmitted by s2(p) can be obtained for at
least N - 1 slots. [0490] In this way, by providing the precoding matrix design model of Condition 5 #10
and Condition #11, the number of bits for which the log-likelihood ratio is obtained among the bits
transmitted by sl(p), and the number of bits for which the log-likelihood ratio is obtained among the bits
transmitted by s2(p) is guaranteed to be equal to or greater than a fixed number in all of the F
terminals. Therefore, in all of the F terminals, it 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 distribution 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 q in Equations 151 and 152 can also be
considered to be evenly distributed over [0 24 Accordingly, the following is established as a condition
for providing fair data reception quality insofar as possible for F terminals 
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[0548] 

 and the poor reception points for s1 and the poor reception points for s2 are 

arranged to be in an even distribution with respect to phase in the N slots in the time 5 

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 α = 

1.0 in the precoding matrix in Equation 174. 10 

(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. 

[0550] 15 

Math 196 

Equation 186 
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[0551] 20 

 Here, i = 0, 1, …, 7. 

[0552] 

 Furthermore, a precoding matrix that differs from Equation 186 can be 

provided as follows (where i = 0, 1, …, 7, and where λ and θ11[i] do not change over 

time (though change may be allowed)). 25 

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 Condition #10 through Condition #12. Let a = 1.0 in the precoding matrix in Equation 157.
(Example #5) 5Let the number of slots N in the time period (cycle) be 8. In order to satisfy 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, j is an imaginary unit, and i = 0, 1, ..., 7. Instead of Equation 160,
15 Equation 161 may be provided (where X, and 011[i] do not change over time (though change may
be allowed)). [0496] Math 171 Equation 161   
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[0553] 

Math 197 

Equation 187 
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[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 λ and θ11[i] do not change over time (though 

change may be allowed)). 10 

[0555] 

Math 198 

Equation 188 
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[0556] 

 or 

[0557] 

Math 199 

Equation 189 20 
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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 (where i = 0, 1, ..., 7, and
where X, and 011[i] do not change 5 over time (though change may be allowed)). [0498] Math 172
Equation 162  .J0J0 j7 j7)  7in- e 4 ) e \4   10 [0499] Math 173 Equation 163 



131 

 

[0558] 

(In Equations 186–189, 7π/8 may be changed to -7π/8.) 

 Next, in the precoding matrix of Equation 174, a precoding hopping method 

that differs from Example #7 and Example #8 by letting α ≠ 1,  and by taking into 5 

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) 

of Equation 174 is used, and from Condition #14, in all of the Γ terminals, there is 10 

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 Γ 

terminals, there is one slot or less having poor reception points for s2 among the N 

slots in a time period (cycle). Accordingly, the log-likelihood ratio for bits 15 

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 

obtained. 20 

[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 

quality if the minimum distance in the complex plane between poor reception points 25 

is as large as possible. Accordingly, in the context of Example #7 and Example #8, 

precoding hopping methods in which α ≠ 1 and which improve on Example #7 and 

1eial[i] ei(al[i]d-x) e'19ii[i] TH-AH-ff 15   J 0/111-1-I 4   [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 with respect to phase in the N slots in the time period (cycle). [0503] 10The 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. 
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Example #8 are considered. 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) 

precoding hopping method that improves on Example #8 are provided in the 5 

following equation. 

[0562] 

Math 200 

Equation 190 
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[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 λ and 

θ11[i] do not change over time (though change may be allowed)). 15 

[0564] 

Math 201 

Equation 191 
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 20 

[0565] 

 or 

[0566] 

(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
4JI ei(oid+2) ' 6111H+7+11H-ffj  
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Math 202 

Equation 192 
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[0567] 5 

 or 

[0568] 

Math 203 

Equation 193 
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[0569] 

 or 

[0570] 

Math 204 15 

Equation 194 
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[0571] 

 or 20 

[0572] 

Math 205 

[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 non-unitary matrix is described. [0511] Based on Equation 148, the 5consideration are
represented as follows. [0512] Math 179 Equation 169 precoding matrices 
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Equation 195 
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[0573] 

 or 5 

[0574] 

Math 206 

Equation 196 
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[0575] 

 or 

[0576] 

Math 207 

Equation 197 15 
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[0577] 

 Therefore, the poor reception points for s1 and s2 are represented as in Fig. 

35A when α < 1.0 and as in Fig. 35B when α > 1.0. 20 

[0578] 

 (i) When α < 1.0 

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  y i(P)I 2(P) 1 [j 0] e 
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 When α < 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 

(d#1,#2) between poor reception points #1 and #2 and the distance (d#1,#3) between 

poor reception points #1 and #3. In this case, the relationship between α and d#1,#2 

and between α and d#1,#3 is shown in Fig. 36. The α which makes min{d#1,#2, d#1,#3} 5 

the largest is as follows. 

[0579] 

Math 208 

Equation 198 
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[0580] 

 The min{d#1,#2, d#1,#3} in this case is as follows. 

[0581] 

Math 209 15 

Equation 199 
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[0582] 

 Therefore, the precoding method using the value of α in Equation 198 for 20 

Equations 190–197 is effective. Setting the value of α as in Equation 198 is one 

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 q 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 
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appropriate method for obtaining excellent data reception quality. Setting α to be a 

value near Equation 198, however, may similarly allow for excellent data reception 

quality. Accordingly, the value to which α is set is not limited to Equation 198. 

[0583] 

 (ii) When α > 1.0 5 

 When α > 1.0, the minimum distance in the complex plane between poor 

reception points is represented as min{d#4,#5, d#4,#6} when focusing on the distance 

(d#4,#5) between poor reception points #4 and #5 and the distance (d#4,#6) between 

poor reception points #4 and #6. In this case, the relationship between α and d#4,#5 

and between α and d#4,#6 is shown in Fig. 37. The α which makes min{d#4,#5, d#4,#6} 10 

the largest is as follows. 

[0584] 

Math 210 

Equation 200 
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[0585] 

 The min{d#4,#5, d#4,#6} in this case is as follows. 

[0586] 
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A '(o1 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 precoding matrices for precoding hopping. [0524] Math 185 15 Condition #14 Equation 175
eic9ii[x]-192[x])ic9 [y]-19 [y]) 
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[0587] 

 Therefore, the precoding method using the value of α in Equation 200 for 

Equations 190–197 is effective. Setting the value of α as in Equation 200 is one 

appropriate method for obtaining excellent data reception quality. Setting α to be a 5 

value near Equation 200, however, may similarly allow for excellent data reception 

quality. Accordingly, the value to which α is set is not limited to Equation 200. 

(Example #10) 

 Based on consideration of Example #9, the precoding matrices in an N = 16 

time period (cycle) precoding hopping method that improves on Example #7 are 10 

provided in the following equations (where λ and θ11[i] do not change over time 

(though change may be allowed)). 

[0588] 

For i = 0, 1, …, 7: 

[0589] 15 

Math 212 

Equation 202 
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[0590] 20 

For i = 8, 9, …, 15: 

[0591] 

Math 213 

Equation 203 

1e"21 for Vx, Vy (x y; x,y =0,1,  ,N -1) [0525] 20 Math 186 Condition #15 Equation 176
ei(e1[xLe21[x]-8), ei(e1[H-e21[y]-8) for Vx, Vy (x= y; x,y =0,1,   ,N -1) [0526] (Example #7) 5Let a = 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]
10For i = 0, 1, ..., 7: [0528] Math 187 Equation 177  15 [0529] For i= 8, 9, ..., 15: [0530] Math 188 20
Equation 178  
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[0592] 

 or 

For i = 0, 1, …, 7: 5 

[0593] 

Math 214 

Equation 204 
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[0594] 

For i = 8, 9, …, 15: 

[0595] 

Math 215 

Equation 205 15 
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[0596] 

 or 

For i = 0, 1, …, 7: 20 

[0597] 

Math 216 

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[i]ei(en[iP) I g 9 11H+ 7y eiIssii[i]+7+2+7  10 [0534] For i= 8, 9, ..., 15: [0535] Math 190 15
Equation 180    [0536] 
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Equation 206 
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[0598] 

For i = 8, 9, …, 15: 5 

[0599] 

Math 217 

Equation 207 
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[0600] 

 or 

For i = 0, 1, …, 7: 

[0601] 

Math 218 15 

Equation 208 
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[0602] 

For i = 8, 9, …, 15: 20 

[0603] 

Math 219 

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] 5For i = 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] 
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Equation 209 
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[0604] 

 or 5 

For i = 0, 1, …, 7: 

[0605] 

Math 220 

Equation 210 
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[0606] 

For i = 8, 9, …, 15: 

[0607] 

Math 221 15 

Equation 211 
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[0608] 

 or 20 

For i = 0, 1, …, 7: 

[0609] 

or 20For i = 0, 1, ..., 7: [0543] Math 193  Equation 183  1eion[i] 'E on1  eMii[i]+2) in-7 on[i]-74 +2+-8
[0544] 5For i = 8, 9, ..., 15: [0545] Math 194 Equation 184 10 [0546] (In Equations 177-184, 77c/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 q differs. Condition #16        When using a precoding hopping
method with an N-slot time period (cycle), the following condition is set: [0547] 
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Math 222 

Equation 212 
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[0610] 5 

For i = 8, 9, …, 15: 

[0611] 

Math 223 

Equation 213 
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[0612] 

 or 

For i = 0, 1, …, 7: 

[0613] 15 

Math 224 

Equation 214 
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[0614] 20 

For i = 8, 9, …, 15: 

[0615] 

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 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    20[0551] Here, i= 0, 1, ..., 7.
[0552] Furthermore, a precoding matrix that differs from Equation 186 can be     provided as follows
(where i = 0, 1, ..., 7, and where X, and 011VJ do not change over 25 time (though change may be
allowed)).  [0553] Math 197 Equation 187 
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Math 225 

Equation 215 
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[0616] 5 

 or 

For i = 0, 1, …, 7: 

[0617] 

Math 226 

Equation 216 10 
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[0618] 

For i = 8, 9, …, 15: 

[0619] 15 

Math 227 

Equation 217 
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[0620] 20 

 The value of α in Equation 198 and in Equation 200 is appropriate for 

obtaining excellent data reception quality. The poor reception points for s1 are 

eion[i] Fk1= 11_2 11H+- c 0I 21" \4 j    [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  
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represented as in Figs. 38A and 38B when α < 1.0 and as in Figs. 39A and 39B 

when α > 1.0. 

[0621] 

 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 5 

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 

domain (or the frequency domain) has been described. The present invention is not, 10 

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 

be changed by arranging symbols in the frequency domain and in the frequency-time 15 

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). 

[0622] 20 

 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 

#5 through #10 and using the precoding matrices indicated in the selected examples. 25 

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 

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  
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#16 are not necessarily observed. (In Equation 158 of Condition #10, Equation 159 

of Condition #11, Equation 164 of Condition #13, Equation 175 of Condition #14, 

and Equation 176 of Condition #15, it becomes important for providing excellent 

reception quality for the conditions “all x and all y” to be “existing x and existing 

y”.) When viewed from a different perspective, in the precoding matrix hopping 5 

method over an N-slot period (cycle) (where N is a large natural number), the 

probability of providing excellent reception quality increases when the precoding 

matrices of one of Examples #5 through #10 are included. 

(Embodiment 7) 

 The present embodiment describes the structure of a reception device for 10 

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 

device that transmits modulated signals, using a transmission method that regularly 15 

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 

bits, and subsequently performs error correction decoding. 20 

[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. 

[0625] 25 

 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. 

[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 reception points for s 1 among the N slots in a time period (cycle). Accordingly, the log-likelihood
ratio for bits transmitted by sl(p) can be obtained for at least N - 1 slots. Similarly, from Condition #15,
in all of the F terminals, there is one slot or less having poor reception points for s2 among the N
15slots 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 20obtained.
[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 a# 1 and which improve on Example #7 and
Example #8 are considered. 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 
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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. 

[0626] 5 

 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). 

[0627] 10 

 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 

divided bits B, and outputs the encoded bits as allocated bits (4003B). 15 

[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 

second encoder receives the divided bits B as input, encodes the divided bits B, and 20 

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 

(4003A) and allocated bits (4003B). 25 

[0629] 

 The transmission device supports a transmission method such as, for 

example, the following Table 1 (Table 1A and Table 1B). 

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 O[i] do not change over time (though change may be allowed)). [0564]
Math 201 Equation 191 20 ( [1] F H-  1e Va2  1 sOC)< e [0565] or [0566] i(e H-F2) a x e 11 
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[0630] 

 Table 1A 
Number of 
modulated 

transmission 
signals 

(number of 
transmit 

antennas) 

Modulation 
method 

Number 
of 

encoders 

Error 
correction 

coding 
method 

Transmission 
information 

Precoding 
matrix 

hopping 
method 

1 

QPSK 1 
A 00000000 - 
B 00000001 - 
C 00000010 - 

16QAM 1 
A 00000011 - 
B 00000100 - 
C 00000101 - 

64QAM 1 
A 00000110 - 
B 00000111 - 
C 00001000 - 

256QAM 1 
A 00001001 - 
B 00001010 - 
C 00001011 - 

1024QAM 1 
A 00001100 - 
B 00001101 - 
C 00001110 - 

 

[0631] 

 Table 1B 5 
Number of 
modulated 

transmission 
signals 

(number of 
transmit 

antennas) 

Modulation 
method 

Number 
of 

encoders 

Error 
correction 

coding 
method 

Transmission 
information 

Precoding 
matrix 

hopping 
method 

2 

#1: QPSK, 
#2: QPSK 

1 
A 00001111 D 
B 00010000 D 
C 00010001 D 

2 
A 00010010 E 
B 00010011 E 
C 00010100 E 

#1: QPSK, 
#2: 16QAM 1 A 00010101 D 

B 00010110 D 

( 7  'On[ilF4 +2+ 8  Math 202 Equation 192 (JOaxe   Jo 1 71c  1 1 a2 +1-- a X ej \ 4eJ, 5[0567] or
[0568] Math 203 Equation 193 1 10  Va2+1  axei(ed+A)   II e,t9"[i] 4 /l  
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C 00010111 D 

2 
A 00011000 E 
B 00011001 E 
C 00011010 E 

#1: 
16QAM, 

#2: 16QAM 

1 
A 00011011 D 
B 00011100 D 
C 00011101 D 

2 
A 00011110 E 
B 00011111 E 
C 00100000 E 

#1: 
16QAM, 

#2: 64QAM 

1 
A 00100001 D 
B 00100010 D 
C 00100011 D 

2 
A 00100100 E 
B 00100101 E 
C 00100110 E 

#1: 
64QAM, 

#2: 64QAM 

1 
A 00100111 F 
B 00101000 F 
C 00101001 F 

2 
A 00101010 G 
B 00101011 G 
C 00101100 G 

#1: 
64QAM, 

#2: 
256QAM 

1 
A 00101101 F 
B 00101110 F 
C 00101111 F 

2 
A 00110000 G 
B 00110001 G 
C 00110010 G 

#1: 
256QAM, 

#2: 256QAM 

1 
A 00110011 F 
B 00110100 F 
C 00110101 F 

2 
A 00110110 G 
B 00110111 G 
C 00111000 G 

4 
A 00111001 H 
B 00111010 H 
C 00111011 H 

#1: 
256QAM, 

#2: 
1024QAM 

1 
A 00111100 F 
B 00111101 F 
C 00111110 F 

2 
A 00111111 G 
B 01000000 G 
C 01000001 G 

4 A 01000010 H 
B 01000011 H 

[0569]  or [0570] 15 Math 204 Equation 194 ejo 1  F[i], Va2+1 axe [0571] 20or [0572] Math 205
Equation 195    [0573] 5or [0574] Math 206 Equation 196    
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C 01000100 H 

#1: 
1024QAM, 

#2: 
1024QAM 

1 
A 01000101 F 
B 01000110 F 
C 01000111 F 

2 
A 01001000 G 
B 01001001 G 
C 01001010 G 

4 
A 01001011 H 
B 01001100 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 

of transmit antennas). Furthermore, QPSK, 16QAM, 64QAM, 256QAM, and 5 

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 10 

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] 15 

 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: 2”, “modulation method: #1: 1024QAM, #2: 

1024QAM”, “number of encoders: 4”, and “error correction coding method: C”, for 20 

example, the transmission information is set to 01001101. In the frame, the 

transmission device transmits the transmission information and the transmission data. 

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) When a < 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 reception points #1 and #2 and the distance (dm#3) between
poor reception points #1 and #3. In this case, the relationship between a and d#1,412 5 and between a
and d#1,413 is shown in Fig. 36. The a which makes min{d#L#2, d#L#3} the largest is as follows.
[0579] Math 208 Equation 198 
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When transmitting the transmission data, in particular when the “number of 

transmission signals” is two, a “precoding matrix hopping method” is used in 

accordance with Table 1. In Table 1, five types of the “precoding matrix hopping 

method”, D, E, F, G, and H, are prepared. The precoding matrix hopping method is 

set to one of these five types in accordance with Table 1. The following, for example, 5 

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, …. 

· Use both different precoding matrices and different periods (cycles). 10 

[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) 

and z2(t), and for a mode to transmit one modulated signal. 15 

[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 

transmission symbols for transmitting the modulated signal z1(t). The symbols 20 

(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 

(shared/common) frequency. The symbols (4102_1, 4103_1) and the symbols 25 

(4102_2, 4103_2) are the symbols after precoding matrix calculation using the 

method of regularly hopping between precoding matrices described in Embodiments 

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 excellent data reception quality. Accordingly, the value to which a is set is not limited to
Equation 198. [0583] 5(ii) When a> 1.0       When a > 1.0, the minimum distance in the complex plane
between poor reception points is represented as min{ d#05, d#06 } when focusing on the distance
(d)05) between poor reception points #4 and #5 and the distance (d#06) between poor reception
points #4 and #6. In this case, the relationship between a and d#05 10 and between a and d#06 is
shown in Fig. 37. The a which makes min{ d#05, d#06} the largest is as follows. [0584] 



150 

1–4 and Embodiment 6 (therefore, as described in Embodiment 1, the structure of 

the streams s1(t) and s2(t) is as in Fig. 6). 

 Furthermore, in Fig. 41, the symbol (4104) is a symbol for transmitting the 

“transmission information” shown in Table 1. The symbol (4105) is a reference 

(pilot) symbol for channel estimation. The symbols (4106, 4107) are data 5 

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] 

 Accordingly, the transmission device in Fig. 40 generates and transmits 10 

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 

306A, B, and the weighting units 308A, B receive the frame structure signal as an 15 

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 

correction coding method” is also transmitted to the reception device. 20 

[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 

advance, the transmission device does not need to transmit information for regularly 25 

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 

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  + .j sin 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 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 X, and 011[i] do not change over time (though change may be
allowed)). 
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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 

obtains, from the information corresponding to Table 1, a signal 710 regarding 5 

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 

obtain received log-likelihood ratios. 10 

[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 

matrix hopping method is set with respect to the “transmission information”. 15 

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 

“modulation method”, and the precoding matrix hopping method may be set with 20 

respect to the “transmission information”. 

[0639] 

 Table 2 
Number of 
modulated 

transmission signals 
(number of transmit 

antennas) 

Modulation 
method 

Transmission 
information 

Precoding 
matrix 

hopping 
method 

1 
QPSK 00000 - 

16QAM 00001 - 

[0588] For i = 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-c\ axe 4    1  axe JO4 JO e 7. 711 
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64QAM 00010 - 
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, 
#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 

#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 

is determined in advance for switching the precoding matrix hopping method based 5 

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 10 

transmission parameters)), the transmission device does not need to transmit 

information regarding the precoding matrix hopping method. The reception device 

e , 4 8 JO axe        Va2 +1     [0592] or 5For i = 0, 1, ..., 7: [0593] Math 214 Equation 204    10 
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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 

the number of modulated transmission signals is two, but a transmission method that 5 

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 

regarding transmission patterns that includes information on precoding hopping 10 

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 

information. 15 

[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 

reception device infers information regarding precoding for the “method of regularly 20 

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. 

[0643] 25 

 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 

[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 20For i = 0, 1, ..., 7: [0597] Math 216  5 
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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 

on the number of transmission signals, the reception device can learn the precoding 5 

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 

communications/broadcasting device such as a broadcast station, a base station, an 10 

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 

transmission device and the reception device in the present description have a 15 

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] 

 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 

[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 

Equation 206 F[i], lie JO aX e  a X e \ej0          ax eJO iyrhr.\ e48J) br7r \ e48f axej0   lia2 +1 [0598] For
i = 8, 9, ..., 15: [0599] Math 217 Equation 207 Flii=1     
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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 

[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 

correction coding method, coding ratio of the error correction coding method, 10 

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 

embodiments 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. 

[0650] 

 Furthermore, a precoding hopping method used in a method of transmitting 

two modulated signals from two antennas has been described, but the present 20 

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, 

whereby N mapped signals are precoded to generate N modulated signals that are 25 

transmitted from N antennas. 

[0651] 

Va2+1     10 [0600] or For i = 0, 1, ..., 7: [0601] 15 Math 218 Equation 208    [0602] 20For i = 8, 9, ...,
15: [0603] Math 219  Equation 209    
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 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 5 

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. 10 

[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] 15 

 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. 20 

[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 25 

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 

on[i] -4+2+- 2 j(0 PP) a X e " F [i] =  1  axe4) Oi e         Va2 +    
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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. 

[0657] 5 

 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. 

[0658] 10 

(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. 

[0659] 15 

 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 

s2(t) are the baseband signal in-phase components I and quadrature components Q 20 

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 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 25 

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 

[0604] or For i = 0, 1, ..., 7: [0605] Math 220 Equation 210  Va2 +1  (JO axe'   in- 7 ils\ j e , 4 8 y  [0606]
For i= 8, 9, ..., 15: [0607] 
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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 

N = 8 period (cycle) as in Example #8 in Embodiment 6 is used, z1(t) and z2(t) are 5 

represented as follows. 

For symbol number 8i (where i is an integer greater than or equal to zero): 

[0661] 
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[0662] 

 Here, j is an imaginary unit, and k = 0. 

For symbol number 8i + 1: 15 

[0663] 

Math 229 

Equation 219 
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[0664] 

 Here, k = 1. 

For symbol number 8i + 2: 

[0665] 

15 Math 221 Equation 211 Fki=  1 axe 4 a JOJO 2axe [0608] 20or For i = 0, 1, ..., 7: [0609]  Math 222
Equation 212 FH-  1  Ala2 1 1011H axe \ a x e " \on[i]d-H-71, 48  5[0610] For i= 8, 9, ..., 15: [0611]
Math 223 Equation 213 10 F [i] -  
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Math 230 

Equation 220 
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[0666] 5 

 Here, k = 2. 

For symbol number 8i + 3: 

[0667] 

Math 231 
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[0668] 

 Here, k = 3. 

For symbol number 8i + 4: 15 

[0669] 

Math 232 

Equation 222 
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[0670] 

 Here, k = 4. 

1  On[i]+" axe4 eion[i] 7 e48\ H+2) a X e "        AIa2+1     [0612] or For i = 0, 1, ..., 7: 
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For symbol number 8i + 5: 

[0671] 

Math 233 

Equation 223 
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[0672] 

 Here, k = 5. 

For symbol number 8i + 6: 

[0673] 10 

Math 234 

Equation 224 
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[0674] 15 

 Here, k = 6. 

For symbol number 8i + 7: 

[0675] 

Math 235 

Equation 225 20 
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15[0613] Math 224 Equation 214    20[0614] For i= 8, 9, ..., 15: [0615]  Math 225  Equation 215  711 7.
e , 4 8 , JO axe  5[0616] or For i = 0, 1, ..., 7: [0617] Math 226 
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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 5 

+ 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 10 

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, 15 

L) over the same (shared/common) frequency (at the same time). 

[0678] 

 In this case, the appropriate value of α is given by Equation 198 or Equation 

200. 

[0679] 20 

 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 25 

different precoding matrices are represented as follows. 

[0681] 

Math 236 

10 Equation 216 F[d-  , 12  Ala +1  [0618] For i= 8, 9, ..., 15: 15[0619] Math 227 Equation 217     lilt"
aXe4y ei e 7n;\ ej1911[i] 74+A a x ei(e11d+2)   1  
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Equation 226 
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[0682] 

 In this case, i = 0, 1, 2, 3, 4, 5, 6, 7, and k = 0, 1, …, M − 2, M − 1. 5 

[0683] 

 For example, letting M = 2 and α < 1, the poor reception points for s1 (○) 

and for s2 (□) at k = 0 are represented as in Fig. 42A.  Similarly, the poor reception 

points for s1 (○) and for s2 (□) at k = 1 are represented as in Fig. 42B.  In this way, 

based on the precoding matrices in Equation 190, the poor reception points are as in 10 

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 

ejX (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 

overlap. Even when multiplying by ejX, the poor reception points should not overlap, 15 

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 ejX may be used as the precoding matrices.) In 

this case, the precoding matrices F[0]–F[15] are represented as follows. 

[0684] 20 

Math 237 

Equation 227 

[ ] 













+
=+×







 ++






 +×

×
ee

ee
XkijXkij

jj

ik
8

7
44

00

2 1

18 πππ

α
α

α
F  

 

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. 
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[0685] 

 Here, i = 0, 1, 2, 3, 4, 5, 6, 7, and k = 0, 1. 

[0686] 

 In this case, when M = 2, precoding matrices F[0]–F[15] are generated (the 

precoding matrices F[0]–F[15] may be in any order, and the matrices F[0]–F[15] 5 

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 

regularly.) 10 

 Summarizing the above considerations, with reference to Equations 82–85, 

N- period (cycle) precoding matrices are represented by the following equation. 

[0687] 

Math 238 

Equation 228 15 
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[0688] 

 Here, since the period (cycle) has N slots, i = 0, 1, 2, …, N − 2 , N − 1 . 

Furthermore, the N × M period (cycle) precoding matrices based on Equation 228 20 

are represented by the following equation. 

[0689] 

Math 239 

Equation 229 

[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 #16 are not necessarily observed. (In
Equation 158 of Condition #10, Equation 159 of Condition #11, Equation 164 of Condition #13,
Equation 175 of Condition #14, and Equation 176 of Condition #15, it becomes important for providing
excellent reception quality for the conditions "all x and all y" to be "existing x and existing 5 y".) When
viewed from a different perspective, in the precoding matrix hopping method over an N-slot period
(cycle) (where N is a large natural number), the probability of providing excellent reception quality
increases when the precoding matrices of one of Examples #5 through #10 are included. (Embodiment
7) 10The 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 
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[0690] 

 In this case, i = 0, 1, 2, …, N − 2, N − 1, and k = 0, 1, …, M − 2, M − 1. 

[0691] 5 

 Precoding matrices F[0]–F[N × M − 1 ] are thus generated (the precoding 

matrices F[0]–F[N × M − 1] may be in any order for the N × M slots in the period 

(cycle)). Symbol number N × M × i may be precoded using F[0], symbol number N 

× M × i + 1 may be precoded using F[1], …, and symbol number N × M × i + h may 

be precoded using F[h], for example (h = 0, 1, 2, …, N × M − 2, N × M − 1). (In this 10 

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 

reception points to be easily changed, which may lead to improved data reception 15 

quality. Note that while the N × M period (cycle) precoding matrices have been set 

to Equation 229, the N × M period (cycle) precoding matrices may be set to the 

following equation, as described above. 

[0692] 

Math 240 20 

Equation 230 
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[0693] 

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 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 15divided 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 lA and Table 1B). 145 [0630] Table lA Number of modulated
transmission signals 
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 In this case, i = 0, 1, 2, …, N − 2, N − 1, and k = 0, 1, …, M − 2, M − 1. 

[0694] 

 In Equations 229 and 230, when 0 radians ≤ δ < 2π radians, the matrices are 

a unitary matrix when δ = π radians and are a non-unitary matrix when δ ≠ π radians. 

In the present method, use of a non-unitary matrix for π/2 radians ≤ |δ| < π radians is 5 

one characteristic structure (the conditions for δ 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 

reception quality increases. 10 

[0695] 

(Embodiment 9) 

 The present embodiment describes a method for regularly hopping between 

precoding matrices using a unitary matrix. 

[0696] 15 

 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. 

[0697] 20 

Math 241 

Equation 231 
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[0698] 25 

(number of transmit antennas) Modulation method Number of encoders Error correction coding
method Transmission information Precoding matrix hopping method 1 QPSK 1 A 00000000  
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 In this case, i = 0, 1, 2, …, N − 2, N − 1. (Let α > 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 5 

Equation 232 

[ ]
( ) ( )( )

( ) ( )( ) 













+
=

++

+

×
×

ee
ee

ijij

ijij

iF πλ

λ

θθ

θθ

α
α

α 2121

1111

1

1
2  

 

[0700] 

 In this case, i = 0, 1, 2, …, N − 2 , N − 1. (Let α > 0.) From Condition #5 10 

(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 15 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 

[0702] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0703] 20 

Math 244 

Condition #18 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


ππ θθθθ  

 

B 00000001     C 00000010   16QAM 1 A 00000011     B 00000100  



167 

[0704] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 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 5 

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. 10 

[0706] 

Math 245 

Condition #19 
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[0707] 

Math 246 

Condition #20 
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[0708] 

 In other words, Condition #19 means that the difference in phase is 2π/N 

radians. On the other hand, Condition #20 means that the difference in phase is 

-2π/N radians. 

C 00000101   64QAM 1 A 00000110     B 00000111     C 00001000  
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[0709] 

 Letting θ11(0) - θ21(0) = 0 radians, and letting α < 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 θ11(0) - 5 

θ21(0) = 0 radians, and letting α > 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. 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] 10 

 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 α > 1or α < 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, 15 

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] 20 

 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 25 

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 

256QAM 1 A 00001001     B 00001010     C 00001011   1024QAM 1 A 00001100  
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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] 

 Therefore, in the method for regularly hopping between precoding matrices 5 

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[0]–F[N − 1 ] are generated based on Equation 232 (the precoding 

matrices F[0]–F[N − 1 ] may be in any order for the N slots in the period (cycle)). 

Symbol number Ni may be precoded using F[0], symbol number Ni + 1 may be 10 

precoded using F[1], …, and symbol number N × 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 s1 and s2 is 16QAM, if α is set 

as follows, 15 

[0713] 

Math 247 

Equation 233 

22
42

+
+

=α
 

 20 

[0714] 

 the advantageous effect of increasing the minimum distance between 16 × 

16 = 256 signal points in the IQ plane for a specific LOS environment may be 

achieved. 

[0715] 25 

B 00001101     C 00001110   [0631] 5Table 1B Number of modulated transmission signals (number of
transmit antennas) Modulation method 
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 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 

single carrier transmission method has been described, and therefore the case of 5 

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 

multi-carrier transmission method such as an OFDM transmission method or the like. 10 

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 

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). 

[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 

(cycle) of the above method of regularly hopping between precoding matrices), 20 

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.) 

[0717] 25 

Math 248 

Condition #17’ 

Number of encoders Error correction coding method Transmission information Precoding matrix
hopping method 2 #1: QPSK, #2: QPSK 1 A 00001111 D    B 
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( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∃∃≠ −− NNyxyxyxee yyjxxj
θθθθ  

 

[0718] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0719] 5 

Math 249 

Condition #18’ 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∃∃≠ −−−− NNyxyxyxee yyjxxj


ππ θθθθ  

 

[0720] 10 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 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. 15 

[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] 20 

Math 250 

Equation 234 

for i = 0, 1, 2, …, N − 2, N − 1: 
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[0723] 

 Let α be a fixed value (not depending on i), where α > 0. 

[0724] 

Math 251 5 

Equation 235 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 

[ ]
( ) ( )( )

( ) ( )( )













×

×

+
=

++

+

ee
ee

ijij

ijij

iF πλ

λ

θαθ

θθα

α 2121

1111

1

1
2  

 

[0725] 10 

 Let α be a fixed value (not depending on i), where α > 0. (Let the α in 

Equation 234 and the α 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. 15 

[0726] 

Math 252 

Condition #21 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 20 

[0727] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0728] 

Math 253 

Condition #22 25 

00010100 E  #1: QPSK, #2: 16QAM 1 A 00010101 D    B 00010110 D       C 01000100 H 
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( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


ππ θθθθ  

[0729] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

 Addition of the following condition is considered. 

[0730] 5 

Math 254 

Condition #23 

( ) ( ) )1,2,,2,1,0( for       1111 −−=∀+= NNxxNxx θθ  

and 

( ) ( ) )1,2,,2,1,0( for       2121 −−=∀+= NNyyNyy θθ  10 

 

[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 

Condition #25 are provided. 15 

[0732] 

Math 255 

Condition #24 
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[0733] 

Math 256 

Condition #25 

#1:  1024QAM,     #2:  1024QAM 1 A 01000101 F    B 01000110 F    C 01000111 F   2 A 01001000 
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[0734] 

 In other words, Condition #24 means that the difference in phase is 2π/N 

radians. On the other hand, Condition #25 means that the difference in phase is 5 

-2π/N radians. 

[0735] 

 Letting θ11(0) - θ21(0) = 0 radians, and letting α > 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 10 

minimum distance between poor reception points for s1 is kept large, and similarly, 

the minimum distance between poor reception points for s2 is also kept large. 

Similar conditions are created when α < 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 15 

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. 20 

[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[0]–F[2N − 1 ] are 

generated based on Equations 234 and 235 (the precoding matrices F[0]–F[2N − 1] 25 

may be arranged in any order for the 2N slots in the period (cycle)). Symbol number 

G    B 01001001 G    C 01001010 G   4 A 01001011 H    B 01001100 



175 

2Ni may be precoded using F[0], symbol number 2Ni + 1 may be precoded using 

F[1], …, and symbol number 2N × 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 s1 and s2 is 16QAM, if α is set as in Equation 233, the 5 

advantageous effect of increasing the minimum distance between 16 × 16 = 256 

signal points in the IQ plane for a specific LOS environment may be achieved. 

[0737] 

 The following conditions are possible as conditions differing from 

Condition #23: 10 

[0738] 

Math 257 

Condition #26 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for        21112111 −−++=≠∀∀≠ −− NNNNNyxyxyxee yyjxxj

θθθθ  

 15 

[0739] 

  (where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 

2N − 2, 2N − 1; and x ≠ y.) 

[0740] 

Math 258 20 

Condition #27 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for         21112111 −−++=≠∀∀≠ −−−− NNNNNyxyxyxee yyjxxj


ππ θθθθ  

 

[0741] 

  (where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 25 

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 

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: 256QAM, #2:
1024QAM" in Table 1 indicates that "the modulation method of stream #1 is 256QAM, and the
modulation 10 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. 15[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: 2", "modulation method: #1: 1024QAM, #2: 20 1024QAM", "number of encoders:
4", and "error correction coding method: C", for example, the transmission information is set to
01001101. In the frame, the transmission device transmits the transmission information and the
transmission data  When transmitting the transmission data, in particular when the "number of
transmission signals" is two, a "precoding matrix hopping method" is used in accordance with Table 1.
In Table 1, five types 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 example, are ways of implementing the five different types. 
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s1 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 structuring 2N different 

precoding matrices for a precoding hopping method with a 2N-slot time period 5 

(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 

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 10 

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 

adaption in this case, precoding weights may be changed by arranging symbols in 15 

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 

need to be used in a regular period (cycle). 20 

[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), 

when the 2N different precoding matrices of the present embodiment are included, 25 

the probability of excellent reception quality increases. 

(Embodiment 11) 

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, zl(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_i) and (4101_2) are
reference (pilot) symbols for channel estimation. The symbols (4102 1, 4103_i) are data 20
transmission symbols for transmitting the modulated signal zi(t). The symbols (4102 2, 4103_2) are
data transmission symbols for transmitting the modulated signal z2(t). The symbol (4102_i) and the
symbol (4102_2) are transmitted at the same time along the same (shared/common) frequency, and
the symbol (4103_i) and the symbol (4103_2) are transmitted at the same time along the same 25
(shared/common) frequency. The symbols (4102 1, 4103_i) 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  1-4 and Embodiment 6 (therefore, as described in Embodiment 1,
the structure of the streams sl (t) and s2(t) is as in Fig. 6).       Furthermore, in Fig. 41, the symbol
(4104) is a symbol for transmitting the "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 zl(t). The data transmission symbols for
transmitting the modulated signal zl(t) are not precoded, since the number of transmission signals is
one. [0636] 10Accordingly, the transmission device in Fig. 40 generates and transmits 
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 The present embodiment describes a method for regularly hopping between 

precoding matrices using a non-unitary matrix. 

[0744] 

 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 5 

represented as follows. 

[0745] 

Math 259 

Equation 236 

for i = 0, 1, 2, …, N − 2, N − 1: 10 
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[0746] 

 Let α be a fixed value (not depending on i), where α > 0. Furthermore, let δ 

≠ π radians. 15 

[0747] 

Math 260 

Equation 237 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0748] 

 Let α be a fixed value (not depending on i), where α > 0. (Let the α in 

Equation 236 and the α in Equation 237 be the same value.) 

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  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 10obtain 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 transmission signals 
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 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] 

Math 261 5 

Condition #28 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 

[0750] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 10 

[0751] 

Math 262 

Condition #29 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


δδ θθθθ  

 15 

[0752] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

 Addition of the following condition is considered. 

[0753] 

Math 263 20 

Condition #30 

( ) ( ) )1,2,,2,1,0( for       1111 −−=∀+= NNxxNxx θθ  

and 

( ) ( ) )1,2,,2,1,0( for       2121 −−=∀+= NNyyNyy θθ  

 25 

[0754] 

(number of transmit antennas) Modulation method Transmission information recoding P matrix
hopping method 1 QPSK 00000   16QAM 00001    64QAM 00010   
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 Note that instead of Equation 237, the precoding matrices in the following 

Equation may be provided. 

[0755] 

Math 264 

Equation 238 5 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0756] 

 Let α be a fixed value (not depending on i), where α > 0. (Let the α in 10 

Equation 236 and the α 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] 15 

Math 265 

Condition #31 
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[0758] 20 

Math 266 

Condition #32 

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, 



180 

( ) ( )( )

( ) ( )( ) )2,,2,1,0( for        
211

2111

2111

−=∀= 





 −

−

+−+

Nxxe
e

e N
j

xxj

xxj


π

θθ

θθ
 

 

[0759] 

 In other words, Condition #31 means that the difference in phase is 2π/N 

radians. On the other hand, Condition #32 means that the difference in phase is 5 

-2π/N radians. 

[0760] 

 Letting θ11(0) - θ21(0) = 0 radians, letting α > 1, and letting δ = (3π)/4 

radians, the distribution of poor reception points for s1 and for s2 in the complex 

plane when N = 4 is shown in Figs. 46A and 46B. With these settings, the period 10 

(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 α > 1, δ = (3π)/4 radians, 

and N = 4 has been described, but the present invention is not limited in this way. 15 

Similar advantageous effects may be obtained for π/2 radians ≤ |δ| < π radians, α > 0, 

and α ≠ 1. 

[0761] 

 The following conditions are possible as conditions differing from 

Condition #30: 20 

[0762] 

Math 267 

Condition #33 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for        21112111 −−++=≠∀∀≠ −− NNNNNyxyxyxee yyjxxj

θθθθ  

 25 

[0763] 

#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 
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(where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 2N − 2, 

2N − 1; and x ≠ y.) 

[0764] 

Math 268 

Condition #34 5 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for         21112111 −−++=≠∀∀≠ −−−− NNNNNyxyxyxee yyjxxj


ππ θθθθ  

 

[0765] 

(where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 2N − 2, 

2N − 1; and x ≠ y.) 10 

 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 

s1 is increased, as is the distance between poor reception points for s2, thereby 

achieving excellent data reception quality. 

[0766] 15 

 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 

example of a single carrier transmission method has been described, and therefore 20 

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 

embodiment may be adapted to a multi-carrier transmission method such as an 25 

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 

#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 reception device share a predetermined rule, or in other words, if the precoding matrix hopping
method is 10 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  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 15information. 



182 

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 

need to be used in a regular period (cycle). 

[0767] 5 

 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), 

when the 2N different precoding matrices of the present embodiment are included, 

the probability of excellent reception quality increases. 10 

(Embodiment 12) 

 The present embodiment describes a method for regularly hopping between 

precoding matrices using a non-unitary matrix. 

[0768] 

 In the method of regularly hopping between precoding matrices over a 15 

period (cycle) with N slots, the precoding matrices prepared for the N slots are 

represented as follows. 

[0769] 

Math 269 

Equation 239 20 
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[0770] 

Let α be a fixed value (not depending on i), where α > 0. Furthermore, let δ ≠ π 

radians (a fixed value not depending on i), and i = 0, 1, 2, …, N − 2, N − 1. 25 

[0771] 

[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 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] Inthepresentdescription,itisconsideredthata 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] 20Furthermore, 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 154 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 5like. [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 
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 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] 

Math 270 5 

Condition #35 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 

[0773] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 10 

[0774] 

Math 271 

Condition #36 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


δδ θθθθ  

 15 

[0775] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 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 

and Condition #38 are provided. 20 

[0776] 

Math 272 

Condition #37 
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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 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]          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]
5Different 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 10of 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). 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 Random Access Memory (RAM) of the computer, and the computer may be caused to operate in
accordance with the 20 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 
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[0777] 

Math 273 

Condition #38 
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[0778] 

 In other words, Condition #37 means that the difference in phase is 2π/N 

radians. On the other hand, Condition #38 means that the difference in phase is 

-2π/N radians. 10 

[0779] 

 In this case, if π/2 radians ≤ |δ| < π radians, α > 0, and α ≠ 1, the distance in 

the complex plane between poor reception points for s1 is increased, as is the 

distance between poor reception points for s2, thereby achieving excellent data 

reception quality. Note that Condition #37 and Condition #38 are not always 15 

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 

been described. In this case, as the N different precoding matrices, F[0], F[1], F[2], 20 

…, 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, 

however, limited in this way, and the N different precoding matrices F[0], F[1], F[2], 25 

…, F[N − 2 ], F[N − 1 ] generated in the present embodiment may be adapted to a 

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 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 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 sl(t) and the stream s2(t) correspond to the baseband signals 307A and 307B in
Fig. 3. In other words, the streams sl(t) and 20 s2(t) are the baseband signal in-phase components I
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 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 (51(0) and 307B (52(t)) and
the information 315 regarding weighting information in Fig. 3 as inputs, performs weighting in
accordance with the 
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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 5 

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 

(cycle) (H being a natural number larger than the number of slots N in the period 10 

(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 

the period (cycle) is considered to be N.) 15 

[0782] 

Math 274 

Condition #35’ 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∃∃≠ −− NNyxyxyxee yyjxxj
θθθθ  

 20 

[0783] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0784] 

Math 275 

Condition #36’ 25 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∃∃≠ −−−− NNyxyxyxee yyjxxj


δδ θθθθ  

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 + 1: [0663] Math 229 Equation 219 ( + 1)\ + 1) 1 ( \ a x e 4 axe br 7j[' F 8 j ( si(si + 
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[0785] 

(x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

(Embodiment 13) 

 The present embodiment describes a different example than Embodiment 8. 5 

[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. 

[0787] 10 

Math 276 

Equation 240 

for i = 0, 1, 2, …, N − 2, N − 1: 
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[0788] 

Let α be a fixed value (not depending on i), where α > 0. Furthermore, let δ ≠ π 

radians. 

[0789] 

Math 277 20 

Equation 241 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 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 
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[0790] 

 Let α be a fixed value (not depending on i), where α > 0. (Let the α in 

Equation 240 and the α in Equation 241 be the same value.) 

 Furthermore, the 2 × N × M period (cycle) precoding matrices based on 

Equations 240 and 241 are represented by the following equations. 5 

[0791] 

Math 278 

Equation 242 

for i = 0, 1, 2, …, N − 2, N − 1: 
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[0792] 

 In this case, k = 0, 1, …, M − 2, M − 1. 

[0793] 

Math 279 15 

Equation 243 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0794] 20 

 In this case, k = 0, 1, …, M − 2, M − 1. Furthermore, Xk = Yk may be true, 

or Xk ≠ Yk may be true. 

[0795] 

( z1(8i +3) z2(8i + 3  JoJo\ axe itkir7 Jr- \ ", s1c8i + 2)` 2), (slo3i +3) + 3),    a2 1 = 2. 8i + 3:       e, 48 "
axe 
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 Precoding matrices F[0]–F[2 × N × M − 1 ] are thus generated (the 

precoding matrices F[0]–F[2 × N × M − 1] may be in any order for the 2 × N × M 

slots in the period (cycle)). Symbol number 2 × N × M × i may be precoded using 

F[0], symbol number 2 × N × M × i + 1 may be precoded using F[1], …, and symbol 

number 2 × N × M × i + h may be precoded using F[h], for example (h = 0, 1, 2, …, 5 

2 × N × M − 2, 2 × N × 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 

reception points to be easily changed, which may lead to improved data reception 10 

quality. 

[0796] 

 The 2 × N × M period (cycle) precoding matrices in Equation 242 may be 

changed to the following equation. 

[0797] 15 

Math 280 

Equation 244 

for i = 0, 1, 2, …, N − 2, N − 1: 
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[0798] 

 In this case, k = 0, 1, …, M − 2, M − 1. 

[0799] 

 The 2 × N × M period (cycle) precoding matrices in Equation 243 may also 

be changed to any of Equations 245–247. 25 

[0800] 

Jo ejaxe kir7     11a2  1       J  4e, 48 , &xeJ-    [0668] Here, k = 3. 15 For symbol number 8i + 4: [0669]
Math 232 
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Math 281 

Equation 245 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0801] 

 In this case, k = 0, 1, …, M − 2, M − 1. 

[0802] 

Math 282 

Equation 246 10 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0803] 

 In this case, k = 0, 1, …, M − 2, M − 1. 15 

[0804] 

Math 283 

Equation 247 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 
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[0805] 

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  
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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, 

[0807] 5 

Math 284 

Condition #39 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 

[0808] 10 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0809] 

Math 285 

Condition #40 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


δδ θθθθ  15 

 

[0810] 

  (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0811] 

Math 286 20 

Condition #41 

( ) ( ) )1,2,,2,1,0( for       1111 −−=∀+= NNxxNxx θθ  

and 

( ) ( ) )1,2,,2,1,0( for       2121 −−=∀+= NNyyNyy θθ  

 25 

( Z1(8i  6) \ 6)/  JO 1 a2+1 axe  axeJ0 ;rbr 7 ;r- J  e , 4 8  (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] 
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[0812] 

 then excellent data reception quality is achieved. Note that in Embodiment 8, 

Condition #39 and Condition #40 should be satisfied. 

[0813] 

 Focusing on Xk and Yk, if Equations 242 through 247 satisfy the following 5 

conditions, 

[0814] 

Math 287 

Condition #42 

)1,2,,2,1,0, ;(  ,for       s2 −−=≠∀∀××+≠ MMbababaXX ba π  10 

 

[0815] 

 (a is 0, 1, 2, …, M − 2, M − 1; b is 0, 1, 2, …, M − 2, M − 1; and a ≠ b.) 

 (Here, s is an integer.) 

[0816] 15 

Math 288 

Condition #43 

)1,2,,2,1,0, ;(  ,for       u2 −−=≠∀∀××+≠ MMbababaYY ba π  

 

[0817] 20 

(a is 0, 1, 2, …, M − 2, M − 1; b is 0, 1, 2, …, M − 2, M − 1; and a ≠ b.) 

 (Here, u is an integer.) 

 then excellent data reception quality is achieved. Note that in Embodiment 8, 

Condition #42 should be satisfied. 

[0818] 25 

 In Equations 242 and 247, when 0 radians ≤ δ < 2π radians, the matrices are 

a unitary matrix when δ = π radians and are a non-unitary matrix when δ ≠ π radians. 

In the present method, use of a non-unitary matrix for π/2 radians ≤ |δ| < π radians is 

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), zl(T), and
z2(T), then zl(T) and z2(T) are sought from some sort of precoding matrices and from sl(T) and s2(T),
and the 10 transmission device transmits zl(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 s 1, s2, zl, and z2 for (sub)carrier L and time T be sl (T,
L), s2(T, L), zl(T, L), and z2(T, L), then zl(T, L) and z2(T, L) are sought from some sort of precoding
matrices and 15 from sl(T, L) and s2(T, L), and the transmission device transmits zl(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. 20[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] 25Letting the period (cycle) of the precoding hopping
method be 8M, 8M different precoding matrices are represented as follows. [0681] Math 236 Equation
226 JO F[sxk+i], 1iir kir 2 , +1 axel,4+ 4m, JO \ axe      iir kit 7ir e, 4 4M 8,  
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one characteristic structure, 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 242 through 247, the 

probability of obtaining excellent data reception quality increases. 

[0819] 5 

(Embodiment 14) 

 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. 

[0820] 10 

 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. 

 When transmitting data using a method of regularly hopping between 15 

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 IQ plane) of the modulation method and the 

precoding matrices is described. 20 

[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 

ML calculation or applies APP (or Max-log APP) based on ML calculation, the 25 

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 

[0682] 5In this case, i = 0, 1, 2, 3, 4, 5, 6, 7, and k = 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 (o) at k = 0 are represented as in Fig.
42A. Similarly, the poor reception points for sl (o) 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 elx (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 &x, 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 elx 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 F [8 x k- (JO 1 j( -+Xk , a2 +1
&xe \ 4 / axej0 ;rile-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, precoding matrices F[0]-F[15] are generated (the 
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two antennas, and the same modulation method is used for two modulated signals 

(signals based on the modulation method before precoding), the number of candidate 

signal points in the IQ plane (received signal points 1101 in Fig. 11) is 4 × 4 = 16 

when the modulation method is QPSK, 16 × 16 = 256 when the modulation method 

is 16QAM, 64 × 64 = 4096 when the modulation method is 64QAM, 256 × 256 = 5 

65,536 when the modulation method is 256QAM, and 1024 × 1024 = 1,048,576 

when the modulation method is 256QAM. In order to keep the calculation scale of 

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 

calculation) is used, and when the modulation method is 256QAM or 1024QAM, 10 

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 

that a unitary matrix is appropriate as the precoding matrix when the reception 15 

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 

used for two modulated signals (signals based on the modulation method before 20 

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 

256), then for all of the modulation methods supported by the transmission system, 25 

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. 

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 (cycle) precoding matrices are represented by the following equation. [0687] Math 238 15
Equation 228    [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  axeJ(0,1(i)2) e1v21(0x,c+2+5) [0690] 5[0691] In
this case, i = 0, 1, 2, ..., N - 2, N - 1, and k = 0, 1,M - 2, M - 1.         Precoding matrices F[0]-F[N x M - 1
] are thus generated (the precoding matrices F[0]-F[N x M - 1] may be in any order for the N x M slots
in the period (cycle)). Symbol number Nx Mx i may be precoded using F[0], symbol number N xMxi+1
may be precoded using F[1], ..., and symbol number NxMxi+h may 10 be precoded using F[h], for
example (h = 0, 1, 2, ..., N x 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 
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[0822] 

 When the modulation level of the modulation method is equal to or less than 

64 (or equal to or less than 256) as well, in some cases use of a unitary matrix may 

be preferable. Based on this consideration, when a plurality of modulation methods 

are supported in which the modulation level is equal to or less than 64 (or equal to or 5 

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. 

[0823] 10 

 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 

modulation method before precoding), a threshold βN may be established for the 15 

modulation level of the modulation method. When a plurality of modulation 

methods for which the modulation level is equal to or less than βN are supported, in 

some of the plurality of supported modulation methods where the modulation level 

is equal to or less than βN, a non-unitary matrix is used as the precoding matrices in 

the method for regularly hopping between precoding matrices, whereas for 20 

modulation methods for which the modulation level is greater than βN, 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 

methods while reducing the circuit scale of the reception device. (When the 25 

modulation level of the modulation method is equal to or less than βN, a non-unitary 

matrix may always be used as the precoding matrix in the method for regularly 

hopping between precoding matrices.) 

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 1axee(ono-Fxk)i(onciFFxk-4 F[Nxk+d-    it9.0ei(o21+2+8) 11a2 +1 axe [0693]  In
this case, i = 0, 1, 2, ..., N - 2, N - 1, and k = 0, 1,M - 2, M - 1. [0694]        In Equations 229 and 230,
when 0 radians<S <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 non-unitary matrix for )1/2
radians < < TE radians is one characteristic structure (the conditions for .3 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 10reception 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  
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 In the above description, the same modulation method has been 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. 

[0824] 5 

 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 

modulated with a modulation method having a modulation level of 2a1 or a 10 

modulation level of 2a2. 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 IQ plane (received signal points 1101 in Fig. 11) is 2a1 × 2a2 = 2a1 + a2. As 

described above, in order to achieve excellent data reception quality while reducing 

the circuit scale of the reception device, a threshold 2β may be provided for 2a1 + a2, 15 

and when 2a1 + a2 ≤ 2β, 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 2a1 + a2 > 2β. 

[0825] 

 Furthermore, when 2a1 + a2 ≤ 2β, in some cases use of a unitary matrix may be 20 

preferable. Based on this consideration, when a plurality of combinations of 

modulation methods are supported for which 2a1 + a2 ≤ 2β, it is important that in some 

of the supported combinations of modulation methods for which 2a1 + a2 ≤ 2β, a 

non-unitary matrix is used as the precoding matrix in the method for regularly 

hopping between precoding matrices. 25 

[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. 

25[0698]           In this case, i = 0, 1, 2, ..., N - 2, N - 1. (Let a > O.) 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, i = 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(19"1(4#for Vx, V y (x y; x, y = 0,1,2,    , N - 2, N -1) [0702] 
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For example, N modulated signals (signals based on the modulation method before 

precoding) may be either modulated with the same modulation method or, when 

modulated with different modulation methods, the modulation level of the 

modulation method for the ith modulated signal may be 2ai (where i = 1, 2, …, N − 1, 

N). 5 

[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 IQ plane 

(received signal points 1101 in Fig. 11) is 2a1 × 2a2 × … × 2ai × … × 2aN = 2a1 + a2 + … + 

ai + … + aN. As described above, in order to achieve excellent data reception quality 10 

while reducing the circuit scale of the reception device, a threshold 2β may be 

provided for 2a1 + a2 + … + ai + … + aN. 

[0828] 

Math 289 

Condition #44 15 

222 21 β≤=+++++ YaNaiaa 
 

where 

∑
=

=
N

i
iaY

1
 

 

[0829] 20 

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. 

[0830] 25 

Math 290 

(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)192l(YY'r)for V x,Vy (x y; x,y = 0,1,2,   , N -2, N-1) #   [0704] (x is 0, 1, 2, ..., N - 2, N - 1; y is
0, 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 5 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 10 #20 are provided. [0706] Math 245 Condition #19
15 ei0"(x+0-1921(x+1) 27r  ei(19"(4-1921(4)e N [0707] Math 246 Condition #20 
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Condition #45 

222 21 β>=+++++ YaNaiaa 

 

where 

∑
=

=
N

i
iaY

1
 

 5 

[0831] 

 By using a unitary matrix in all of the combinations of modulation methods 

satisfying Condition #45, 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 while reducing the circuit 10 

scale of the reception device for any of the combinations of modulation methods. (A 

non-unitary matrix may be used as the precoding matrix in the method for regularly 

hopping between precoding matrices in all of the supported combinations of 

modulation methods satisfying Condition #44.) 

(Embodiment 15) 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] 

 Figs. 47A and 47B show an example according to the present embodiment 20 

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 

shows the frame structure in the time and frequency domains for the stream s1 25 

described in Embodiment 1, and Fig. 47B shows the frame structure in the time and 

for Vx (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 -27c/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 shown in Fig. 43B. 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 distribution of poor reception points for sl and for s2 in the complex plane for an N = 4
period (cycle) is shown in Fig. 44B. 10[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 sl and the phase for the poor 15 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 s 1 and the phase for the poor reception points for s2 are never
the same 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 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 25 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  the complex plane
can be guaranteed to be a certain length, since the number of poor reception points is small.
Accordingly, when 1\1 16, even if N is an even number, cases do exist where data reception quality
can be guaranteed. [0712] 5Therefore, 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[0]-F[N - 1 ]
are generated based on Equation 232 (the precoding matrices F[0]-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 Nxi+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 15as follows, 
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frequency domains for the stream s2 described in Embodiment 1. Symbols at the 

same time and the same (sub)carrier in stream s1 and stream s2 are transmitted by a 

plurality of antennas at the same time and the same frequency. 

[0833] 

 In Figs. 47A and 47B, the (sub)carriers used when using OFDM are divided 5 

as follows: a carrier 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 c – (sub)carrier c + Nc, a carrier group #D composed of 

(sub)carrier d – (sub)carrier d + Nd, …. In each subcarrier group, a plurality of 

transmission methods are assumed to be supported. By supporting a plurality of 10 

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 

for carrier group #B, only stream s1 is transmitted in carrier group #C, and 15 

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 

broadcast station (base station) in a system that adopts a method for regularly 20 

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 

group #A composed of (sub)carrier a – (sub)carrier a + Na, a carrier group #B 25 

composed of (sub)carrier b – (sub)carrier b + Nb, a carrier group #C composed of 

(sub)carrier c – (sub)carrier c + Nc, a carrier group #D composed of (sub)carrier d – 

(sub)carrier d + Nd, …. The difference between Figs. 47A and 47B and Figs. 48A 

[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 IQ 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[0], F[1], F[2], F[N - 2], F[N - 1] are
prepared. In the present embodiment, an example of a 5single 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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and 48B is that in some carrier groups, the transmission method used in Figs. 47A 

and 47B differs from the transmission method used in Figs. 48A and 48B. In Figs. 

48A and 48B, space-time block coding is used to transmit carrier group #A, a 

MIMO system that regularly hops between precoding matrices is used for carrier 

group #B, a MIMO system that regularly hops between precoding matrices is used 5 

for carrier group #C, and only stream s1 is transmitted in carrier group #D. 

[0835] 

 Next, the supported transmission methods are described. 

[0836] 

 Fig. 49 shows a signal processing method when using a spatial multiplexing 10 

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 

certain modulation method, receives as inputs a stream s1(t) (307A), a stream s2(t) 15 

(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 

of Fig. 49 is performed. Specifically, the following processing is performed. 20 

[0838] 

Math 291 

Equation 250 
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eik(41921(4)1021(0)for a, a (x # y; x, y = 0,1,2,    , N -2, N - 1) [0718] (xis 0,1,2,...,N-2,N-Eyis 0,
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]         (x is 0, 1, 2, ..., N - 2, N - 1; y is 0, 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]        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. 20[0722] Math
250 Equation 234 for i = 0, 1, 2, ..., N - 2, N - 1: (axeAon(i)+4\ 1eioni) e1(021+2)F[i]-  162 +1
\axen921(i)  [0723] Let a be a fixed value (not depending on i), where a> 0. 
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[0839] 

 When a method for transmitting one modulated signal is supported, from 

the standpoint of transmission power, Equation 250 may be represented as Equation 

251. 5 

[0840] 

Math 292 

Equation 251 
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[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 

following processing is performed. 15 

[0842] 

Math 293 

Equation 252 
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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, V y (x # y; x,y = 0,1,2,    , N -2,N -1) 20 [0727] (xis 0,1, 2,...,N- 2,N- 1;yis 0, 1,
2,...,N- 2,N-1;andx#y.) [0728] Math 253 25 Condition #22  [0729] (xis 0, 1, 2,...,N- 2,N- Eyis 0, 1,
2,...,N- 2,N- 1;andx#y.) 
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[0843] 

 Here, θ11, θ12, λ, and δ are fixed values. 

[0844] 

 Fig. 50 shows the structure of modulated signals when using space-time 

block coding. A space-time block coding unit (5002) in Fig. 50 receives, as input, a 5 

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 “s1 as symbol 

#0”, “-s2* as symbol #0”, “s3 as symbol #2”, “-s4* as symbol #3”…, and z2(5003B) 

becomes “s2 as symbol #0”, “s1* as symbol #1”, “s4 as symbol #2”, “s3* as symbol 10 

#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. 

In practice, however, it is necessary to transmit information such as the transmission 15 

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 

reception device to estimate channel fluctuation (for example, a pilot symbol, 20 

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. 

Accordingly, each carrier group is not composed only of symbols for transmitting 25 

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 

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 words, Condition #24 means that the difference in phase is 27c/N 5 radians. On the other hand,
Condition #25 means that the difference in phase is -27c/N radians. [0735]        Letting OH(0) - 020) =
0 radians, and letting a> 1, the distribution of poor reception points for sl and for s2 in the complex
plane when N = 4 is shown in Figs. 
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determining unit (5205) determines the number of carriers, modulation method, 

error correction method, coding ratio for error correction coding, transmission 

method, and the like for each carrier group and outputs a control signal (5206). 

[0846] 

 A modulated signal generating unit #1 (5201_1) receives, as input, 5 

information (5200_1) 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_1) and a modulated signal z2 (5203_1) in the carrier group #A of Figs. 47A, 

47B, 48A, and 48B. 

[0847] 10 

 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, 

47B, 48A, and 48B. 15 

[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 

(5202_3) and a modulated signal z2 (5203_3) in the carrier group #C of Figs. 47A, 20 

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 

the transmission method in the control signal (5206), outputs a modulated signal z1 25 

(5202_4) and a modulated signal z2 (5203_4) in the carrier group #D of Figs. 47A, 

47B, 48A, and 48B. 

[0850] 

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 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 1\1 16 , even if N is an even number,
cases do 20 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[0]-F[2N -
1 ] are 25 generated based on Equations 234 and 235 (the precoding matrices F[0]-F[2N - 1] may be
arranged 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], ..., 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 5 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 signal points in the IQ
plane for a specific LOS environment may be achieved. [0737]            The following conditions are
possible as conditions differing from 10 Condition #23: [0738] Math 257 Condition #26 ei(19"(4-02,(4)
ei(19"2,(A)for Vx, Vy (x y; x, y = N,N +1,N + 2,   ,2N - 2,2N -1) 15 [0739]         (where x is N, N + 1, N +
2, ..., 2N - 2, 2N - 1; y is N, N + 1, N + 2, ..., 2N - 2, 2N - 1; and x y.) [0740] 20 Math 258 Condition #27
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 While not shown in the figures, the same is true for modulated signal 

generating unit #5 through modulated signal generating unit #M − 1. 

[0851] 

 Similarly, a modulated signal generating unit #M (5201_M) receives, as 

input, information (5200_M) and the control signal (5206) and, based on the 5 

information on the transmission method in the control signal (5206), outputs a 

modulated signal z1 (5202_M) and a modulated signal z2 (5203_M) in a certain 

carrier group. 

[0852] 

 An OFDM related processor (5207_1) receives, as inputs, the modulated 10 

signal z1 (5202_1) in carrier group #A, the modulated signal z1 (5202_2) in carrier 

group #B, the modulated signal z1 (5202_3) in carrier group #C, the modulated 

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 

reordering, inverse Fourier transform, frequency conversion, amplification, and the 15 

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 

modulated signal z1 (5203_1) in carrier group #A, the modulated signal z1 (5203_2) 20 

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, 

amplification, and the like, and outputs a transmission signal (5208_2). The 25 

transmission signal (5208_2) is output as a radio wave from an antenna (5209_2). 

[0854] 

ei(0"(4-92.,(, 6,1(o"(Y)-onfor Vx, Vy (x y; 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; y is N, 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 structuring 2N different 5 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 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] 10 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 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 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 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)
The present embodiment describes a method for regularly hopping between precoding matrices using
a non-unitary matrix. [0744]         In the method of regularly hopping between precoding matrices over
a 5 period (cycle) with 2N slots, the precoding matrices prepared for the 2N slots are represented as
follows. [0745] Math 259 Equation 236 10for i = 0, 1, 2, ..., N - 2, N - 1:  
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 Fig. 53 shows an example of a structure of the modulated signal generating 

units #1–#M in Fig. 52. An error correction encoder (5302) receives, as inputs, 

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 5 

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) 10 

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 15 

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) 20 

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 25 

(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 

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 for i = N, N + 1, N + 2,
..., 2N - 2, 2N - 1: ( 1a  Va2+1 eaxe one )  [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.) 177          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 eJ(0"(4-021(4) # e1(0"(Y)-02,(Y))for Vx, V y (x y; x, y = 0,1,2,    , N - 2, N -1) 
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MIMO method for regularly hopping between precoding matrices, space-time block 

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 

that when the transmission method for transmitting only stream s1 is selected, the 5 

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. 

[0858] 10 

 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) 

in carrier group #B, the modulated signal z1 (5400_3) in carrier group #C, the 15 

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 

formed by groups of subcarriers, but the present invention is not limited in this way. 20 

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 

separately below. 25 

[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 

[0750] 10(xis 0,1, 2,...,N- 2,N-Eyis 0, 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, V y (x y;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)for V y (y = 0,1,2,
,N - 2, N -1) 25 [0754]         Note that instead of Equation 237, the precoding matrices in the following
Equation may be provided. [0755] Math 264 5 Equation 238 for i = N, N + 1, N + 2, ..., 2N - 2, 2N - 1: 
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group, as in Figs. 47A, 47B, 48A, 48B, and 51. In Figs. 55A and 55B, control 

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 5 

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 10 

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 15 

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. 20 

[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 25 

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 

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.)        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. 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,    , N - 2) 
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transmission method for transmitting only stream s1 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 

estimation, i.e. to estimate fluctuation corresponding to h11(t), h12(t), h21(t), and h22(t) 5 

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 h11(t), h12(t), h21(t), and h22(t) in each subcarrier.) Accordingly, the 

PSK transmission method, for example, is used for the pilot symbols, which are 

structured to form a pattern known by the transmission and reception devices. 10 

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 

receiving modulated signals transmitted by the transmission device in Fig. 52. 15 

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 

signal 704_X. Similarly, an OFDM related processor (5600_Y) receives, as input, a 20 

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 

processed signals 704_X and 704_Y, extracts the control information symbols and 25 

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. 

[0759]         In other words, Condition #31 means that the difference in phase is 27c/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) = 0 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 distance between poor reception points for sl, 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, 5 = 070/4 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 )1/2
radians< < TE radians, a > 0, and a 1. [0761]            The following conditions are possible as
conditions differing from 20 Condition #30: [0762] Math 267 Condition #33 for Vx, Vy (x y; x, y = N,N
+1,N + 2,,2N -2,2N -1) 25 [0763]  (where x is N, N + 1, N + 2, ..., 2N - 2, 2N - 1; y is N, N + 1, N + 2, ...,
2N - 2, 2N- Eandx#y.) [0764] Math 268 5 Condition #34 for Vx,Vy(x y;x,y =N,N+1,N+2,-,2N-2,2N-1)
[0765]     (where x is N, N + 1, N + 2, ..., 2N - 2, 2N - 1; y is N, N + 1, N + 2, ..., 2N - 2, 10 2N-
Eandx#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 s 1 is increased, as is the
distance between poor reception points for s2, thereby achieving excellent data reception quality. 
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[0867] 

 The channel fluctuation estimating unit 705_1 for the modulated signal z1 

receives, as inputs, the processed signal 704_X and the control signal 710, performs 

channel estimation in the carrier group required by the reception device (the desired 

carrier group), and outputs a channel estimation signal 706_1. 5 

[0868] 

 Similarly, the channel fluctuation estimating unit 705_2 for the modulated 

signal z2 receives, as inputs, the processed signal 704_X and the control signal 710, 

performs channel estimation in the carrier group required by the reception device 

(the desired carrier group), and outputs a channel estimation signal 706_2. 10 

[0869] 

 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 

(the desired carrier group), and outputs a channel estimation signal 708_1. 15 

[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 

(the desired carrier group), and outputs a channel estimation signal 708_2. 20 

[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, 

error correction coding method, coding ratio for error correction coding, block size 25 

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. 

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 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 need to be used in a
regular period (cycle). 5[0767]        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), when the 2N different
precoding matrices of the present embodiment are included, 10the probability of excellent reception
quality increases. (Embodiment 12)        The present embodiment describes a method for regularly
hopping between precoding matrices using a non-unitary matrix. [0768] 15In the method of regularly
hopping between precoding matrices over a period (cycle) with N slots, the precoding matrices
prepared for the N slots are represented as follows. [0769] Math 269 20 Equation 239 (19 (I) d- V
12axte F[, it9,m4621(0+2+8) a +1 axee [0770]     Let a be a fixed value (not depending on i), where a >
0. Furthermore, let .3= TE 
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[0872] 

 Fig. 57 shows the structure of the OFDM related processors (5600_X, 

5600_Y) in Fig. 56. A frequency converter (5701) receives, as input, a received 

signal (5700), performs frequency conversion, and outputs a frequency converted 

signal (5702). 5 

[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] 10 

 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 15 

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, 20 

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 25 

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 

25radians (a fixed value not depending on i), and i = 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,
V y (x y; x, y = 0,1,2,    , N - 2,N -1) [0773] 10(xis 0,1, 2,...,N- 2,N- Eyis 0, 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 (x y; x,y = 0,1,2,    , N -
2,N -1) 15 [0775] (x is 0, 1, 2, ..., N - 2, N - 1; y is 0, 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 '(o1 11)O211)) eAoll(x)-thi(x))efor Vx (x = 0,1,2,    , N - 2)  [0777] Math 273
Condition #38 
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achieved by allowing for selection of a transmission method for each carrier group 

from among “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”. 5 

[0875] 

 Figs. 58A and 58B show a method of allocation into carrier groups that 

differs from Figs. 47A, 47B, 48A, 48B, and 51. In Figs. 47A, 47B, 48A, 48B, 51, 

55A, and 55B, carrier groups have described as being formed by groups of 

subcarriers. In Figs. 58A and 58B, on the other hand, the carriers in a carrier group 10 

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 

reference signs. Among the data symbols in Figs. 58A and 58B, the “A” symbols are 15 

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 

time domain. This type of arrangement yields the advantageous effect of obtaining 20 

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 

time in each carrier group, but these symbols may be allocated to different times. 25 

Furthermore, the number of (sub)carriers used by a carrier group may change over 

time. 

[0877] 

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 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 20been 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], 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
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 
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(Embodiment 16) 

 Like Embodiment 10, the present embodiment describes a method for 

regularly hopping between precoding matrices using a unitary matrix when N is an 

odd number. 

[0878] 5 

 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] 

Math 294 10 

Equation 253 

for i = 0, 1, 2, …, N − 2, N − 1: 
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[0880] 15 

 Let α be a fixed value (not depending on i), where α > 0. 

[0881] 

Math 295 

Equation 254 

for i = N, N + 1, N + 2, …, 2N − 2, 2N − 1: 20 
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[0882] 

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(e1(x)-(921(4)# e1(e"(y)-(921(y))for t, Y (x y; x, y = 0,1,2,    , N -2, N -1) 20 [0783] (xis 0, 1, 2,...,N-
2,N- Eyis 0, 1, 2,...,N- 2,N-1;andx#y.) [0784] Math 275 25 Condition #36'  eic9"(x)-021(x)-6)#
e1(0h10218) for a, 33) (x y; x, y = 0,1,2,    , N -2, N - 1) e(0  [0785] (xis 0, 1, 2,...,N- 2,N- Eyis 0, 1,
2,...,N- 2,N- 1;andx=y.) (Embodiment 13) 5The 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 represented as follows. 10[0787] Math
276 Equation 240 for i = 0, 1, 2, ..., N - 2, N - 1: 
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 Let α be a fixed  v alue (not depending on i), where α > 0. (Let the α in 

Equation 253 and the α 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 

excellent data reception quality. 5 

[0883] 

Math 296 

Condition #46 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for        21112111 −−=≠∀∀≠ −− NNyxyxyxee yyjxxj
θθθθ  

 10 

[0884] 

 (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

[0885] 

Math 297 

Condition #47 15 

( ) ( )( ) ( ) ( )( ) )1,2,,2,1,0, ;(  ,for         21112111 −−=≠∀∀≠ −−−− NNyxyxyxee yyjxxj


ππ θθθθ  

 

[0886] 

 (x is 0, 1, 2, …, N − 2, N − 1; y is 0, 1, 2, …, N − 2, N − 1; and x ≠ y.) 

 Addition of the following condition is considered. 20 

[0887] 

Math 298 

Condition #48 

( ) ( ) )1,2,,2,1,0( for       1111 −−=∀+= NNxxNxx θθ  

and 25 

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
for i = N, N + 1, N + 2, ..., 2N - 2, 2N - 1:  a x eio2P)  [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 following equations. [0791] Math 278 Equation 242 for i = 0, 1, 2, ..., N - 2, N - 1: 
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( ) ( ) )1,2,,2,1,0( for       2121 −−=∀+= NNyyNyy θθ  

 

[0888] 

 Next, in order to distribute the poor reception points evenly with regards to 

phase in the complex plane, as described in Embodiment 6, Condition #49 and 5 

Condition #50 are provided. 

[0889] 

Math 299 

Condition #49 

( ) ( )( )

( ) ( )( ) )2,,2,1,0( for        
211

2111

2111

−=∀= 







−

+−+

Nxxe
e

e N
j

xxj

xxj


π

θθ

θθ
 10 

 

[0890] 

Math 300 

Condition #50 

( ) ( )( )

( ) ( )( ) )2,,2,1,0( for        
211

2111

2111

−=∀= 





 −

−

+−+

Nxxe
e

e N
j

xxj

xxj


π

θθ

θθ
 15 

 

[0891] 

 In other words, Condition #49 means that the difference in phase is 2π/N 

radians. On the other hand, Condition #50 means that the difference in phase is 

−2π/N radians. 20 

[0892] 

 Letting θ11(0) − θ21(0) = 0 radians, and letting α > 1, the distribution of poor 

reception points for s1 and for s2 in the complex plane for N = 3 is shown in Figs. 

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] 
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60A and 60B. As is clear from Figs. 60A and 60B, in the complex plane, the 

minimum distance between poor reception points for s1 is kept large, and similarly, 

the minimum distance between poor reception points for s2 is also kept large. 

Similar conditions are created when α < 1. Furthermore, upon comparison with Figs. 

45A and 45B in Embodiment 10, making the same considerations as in Embodiment 5 

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, 10 

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 

based on Equations 253 and 254, when N is set to an odd number, the probability of 15 

improving data reception quality is high. Precoding matrices F[0]–F[2N − 1 ] are 

generated based on Equations 253 and 254 (the precoding matrices F[0]–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], …, 

and symbol number 2N × i + h may be precoded using F[h], for example (h = 0, 1, 2, 20 

…, 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 s1 and s2 is 16QAM, if α is set as in Equation 233, the 

advantageous effect of increasing the minimum distance between 16 × 16 = 256 

signal points in the IQ plane for a specific LOS environment may be achieved. 25 

[0894] 

 The following conditions are possible as conditions differing from 

Condition #48: 

Precoding matrices F[0]-F[2 x N x M- 1] are thus generated (the precoding matrices F[0]-F[2 xNx 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, 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 2xNxM period (cycle)
precoding matrices in Equation 242 may be changed to the following equation. 15[0797] Math 280
Equation 244 for i = 0, 1, 2, ..., N - 2, N - 1: 1ei(1911(o+xk) axei(60+xk+it F[2xNxk+d- 20 [0798] In this
case, k = 0, 1,M - 2, M - 1. [0799]             The 2xNxM period (cycle) precoding matrices in Equation
243 may also 25 be changed to any of Equations 245-247. [0800]  Math 281 Equation 245
fori=1\1,N+1,N+ 2,...,2N-2,2N-1: 
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[0895] 

Math 301 

Condition #51 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for        21112111 −−++=≠∀∀≠ −− NNNNNyxyxyxee yyjxxj

θθθθ  

 5 

[0896] 

(where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 2N − 2, 

2N − 1; and x ≠ y.) 

[0897] 

Math 302 10 

Condition #52 
( ) ( )( ) ( ) ( )( ) )12,22,,2,1,, ;(  ,for         21112111 −−++=≠∀∀≠ −−−− NNNNNyxyxyxee yyjxxj


ππ θθθθ  

 

[0898] 

(where x is N, N + 1, N + 2, …, 2N − 2, 2N − 1; y is N, N + 1, N + 2, …, 2N − 2, 15 

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 

s1 is increased, as is the distance between poor reception points for s2, thereby 

achieving excellent data reception quality. 20 

[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], 

F[1], F[2], …, F[2N − 2 ], F[2N − 1 ] are prepared. In the present embodiment, an 25 

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 

1(ax F[2xNxk+i e1(1911(1)2k) eiai(-17J` -  Va2 +1e1(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: 1axee( 9 ju
+  v((191) 2a; (ilsou(i+yk) 2 +1e a01 210) [0805]  
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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 

adaption in this case, precoding weights may be changed by arranging symbols in 5 

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 

need to be used in a regular period (cycle). 10 

[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), 

when the 2N different precoding matrices of the present embodiment are included, 15 

the probability of excellent reception quality increases. 

[0901] 

(Embodiment A1) 

 In the present Embodiment, data is transmitted hierarchically, and a 

transmission method adopting the method of regularly switching between precoding 20 

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 

(6101_1) for a base stream (base layer) receives information (6100_1) of the base 25 

stream (base layer) as input, performs error correction coding, and outputs encoded 

information (6102_1) of the base stream (base layer). 

[0903] 

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(ei1(x)-1921(4)#
e1c919,i(Y))for Vx, V y (x y; x, y = 0,1,2,    , N - 2, N -1) 10[0808] (xis 0,1, 2,...,N- 2,N-Eyis 0, 1, 2,...,N-
2,N-1;andx#y.) [0809] Math 285 Condition #40 e(o"(x)-(92,(4-s)# eAo"(y)-(92,(y)-8) 15for Vx, V y (x y;
x,y = 0,1,2,   ,N -2, N-1) [0810] (xis 0,1, 2,...,N- 2,N-Eyis 0, 1, 2,...,N- 2,N-1;andx#y.) [0811] 20 Math
286 Condition #41 911(4= 9(x+ N) for Vx (x = 0,1,2,    , N - 2, N -1) and 0 21(Y)= 0 21(y + N) for Vy (y
= 0,1,2,    , N - 2, N -1) 25  [0812] 
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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). 

[0904] 5 

 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] 

 Similarly, an interleaver (6103_2) receives the encoded information 10 

(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 

information signal regarding the transmission method (6111) as input, performs 15 

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 s1(t) 

(307A) in Fig. 3) and a baseband signal (6106_2) (corresponding to s2(t) (307B) in 

Fig. 3). The information (6111) regarding the transmission method is, for example, 20 

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 

rate), and the like. 25 

[0907] 

 Similarly, a mapper (6105_2) receives the interleaved, encoded data 

(6104_2) and the information signal regarding the transmission method (6111) as 

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 = 0,1,2,  ,M -2,M -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 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 < .3 <2i( radians, the
matrices are a unitary matrix when .3 = TE radians and are a non-unitary matrix when .3# TE radians.
In the present method, use of a non-unitary matrix for )1/2 radians <S < TE radians is  one
characteristic structure, 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 242 through 247, the probability of obtaining excellent data reception quality
increases. 5[0819] (Embodiment 14) 
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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 (6107_1) (corresponding 

to s1(t) (307A) in Fig. 3) and a baseband signal (6107_2) (corresponding to s2(t) 

(307B) in Fig. 3). 5 

[0908] 

 A precoder (6108_1) receives the baseband signal (6106_1) (corresponding 

to s1(t) (307A) in Fig. 3), the baseband signal (6106_2) (corresponding to s2(t) 

(307B) in Fig. 3), and the information signal regarding the transmission method 

(6111) as input, performs precoding based on the method of regularly switching 10 

between precoding matrices as indicated by the information signal regarding the 

transmission method (6111), and outputs a precoded baseband signal (6109_1) 

(corresponding to z1(t) (309A) in Fig. 3) and a precoded baseband signal (6109_2) 

(corresponding to z2(t) (309B) in Fig. 3). 

[0909] 15 

 Similarly, a precoder (6108_2) receives the baseband signal (6107_1) 

(corresponding to s1(t) (307A) in Fig. 3), the baseband signal (6107_2) 

(corresponding to s2(t) (307B) in Fig. 3), and the information signal regarding the 

transmission method (6111) as input, performs precoding based on the method of 

regularly switching between precoding matrices as indicated by the information 20 

signal regarding the transmission method (6111), and outputs a precoded baseband 

signal (6110_1) (corresponding to z1(t) (309A) in Fig. 3) and a precoded baseband 

signal (6110_2) (corresponding to z2(t) (309B) in Fig. 3). 

[0910] 

 In Fig. 62, a reordering unit (6200_1) receives the precoded baseband signal 25 

(6109_1) and the precoded baseband signal (6110_1) as input, performs reordering, 

and outputs a reordered, precoded baseband signal (6201_1). 

[0911] 

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 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 IQ 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  two antennas, and the same modulation
method is used for two modulated signals (signals based on the modulation method before precoding),
the number of candidate signal points in the IQ plane (received signal points 1101 in Fig. 11) 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 when the modulation method is 64QAM, 256 x 256 = 65,536 when the modulation method
is 256QAM, and 1024 x 1024 = 1,048,576 when the modulation method is 256QAM. In order to keep
the calculation scale of 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.  [0822]       When the modulation level of the
modulation method is equal to or less than 64 (or equal to or less than 256) as well, in some cases use
of a unitary matrix may be preferable. Based on this consideration, when a plurality of modulation
methods 
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 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] 

 An OFDM related processor (6202_1) receives the reordered, precoded 5 

baseband signal (6201_1), applies the signal processing described in Embodiment 1, 

and outputs a transmission signal (6203_1). The transmission signal (6203_1) is 

output from an antenna (6204_1). 

[0913] 

 Similarly, an OFDM related processor (6202_2) receives the reordered, 10 

precoded baseband signal (6201_2), applies the signal processing described in 

Embodiment 1, and outputs a transmission signal (6203_2). The transmission signal 

(6203_2) is output from an antenna (6204_2). 

[0914] 

 Fig. 63 illustrates operations of the precoder (6108_1) in Fig. 61. The 15 

precoder (6108_1) regularly switches between precoding matrices, and the structure 

and operations of the precoder (6108_1) are similar to the structure and operations 

described in Figs. 3, 6, 22, and the like. Since Fig. 61 illustrates the precoder 

(6108_1), Fig. 63 shows operations for weighting of the base stream (base layer). As 

shown in Fig. 63, when the precoder 6108_1 performs weighting, i.e. when the 20 

precoder 6108_1 generates a precoded baseband signal by performing precoding, 

z1(t) and z2(t) are generated as a result of precoding that regularly switches between 

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 

matrices for weighting are represented as F[0], F[1], F[2], F[3], F[4], F[5], F[6], and 25 

F[7]. The symbols in the precoded signals z1(t) and z2(t) are represented as 6301 and 

6302. In Fig. 63, a symbol is represented as “B #X F[Y]”, which refers to the Xth 

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 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 13N 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 13N are supported, in some of the plurality of supported modulation methods
where the modulation 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 the modulation level is greater than 13N, 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 13N, a non-unitary matrix may always be used
as the precoding matrix in the method for regularly hopping between precoding matrices.)        In the
above description, the same modulation method has been 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 2a1 or
a modulation level of 2a2. 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 IQ plane (received signal points
1101 in Fig. 11) is 2a1 x 2a2 = 2a1 + a2. As described above, in order to achieve excellent data
reception quality while reducing  15 the circuit scale of the reception device, a threshold 2P may be
provided for 2a1 a2, and when 2a1 a2 < 2, 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 2a1 a2 > 2P. [0825] 20Furthermore, when 2a1 a2 < 2, 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 2a1 a2 < 2, it is important that in some of the supported
combinations of modulation methods for which 2a1 a2 < 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. 195  For example, N modulated signals
(signals based on the modulation method before precoding) may be either modulated with the same
modulation method or, when modulated with different modulation methods, the modulation level of the
modulation method for the ith modulated signal may be 2a1 (where i = 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 IQ plane 
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symbol in the base stream (base layer) being precoded with the F[Y] precoding 

matrix (where Y is any integer from 0 to 7). 

[0915] 

 Fig. 64 illustrates operations of the precoder (6108_2) in Fig. 61. The 

precoder (6108_2) regularly switches between precoding matrices, and the structure 5 

and operations of the precoder (6108_2) are similar 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 

weighting, i.e. when the precoder 6108_2 generates a precoded baseband signal by 10 

performing precoding, z1(t) and z2(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 

as f[0], f[1], f[2], and f[3]. The symbols in the precoded signals z1(t) and z2(t) are 15 

represented as 6403 and 6404. In Fig. 64, a symbol is represented as “E #X f[Y]”, 

which refers to the Xth 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] 

 Figs. 65A and 65B show the method of reordering symbols in the reordering 20 

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 

at the same frequency and at the same time from different antennas. Note that the 25 

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. 

(received signal points 1101 in Fig. 11) is 2a1 x 2a2 X ... x 2' xx 2aN = 2a1 + 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 2a1+ 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 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  Condition #45
al+a2+  .-kai+  .+aN 2=2 >2fi where Y=Ea, 5 [0831]       By using a unitary matrix in all of the
combinations of modulation methods satisfying Condition #45, then for all of the modulation methods
supported by the transmission system, there is an increased probability of achieving the advantageous
10 effect whereby excellent data reception quality is achieved while reducing the circuit scale of the
reception device for any of the combinations of modulation methods. (A non-unitary matrix may be
used as the precoding matrix in the method for regularly hopping between precoding matrices in all of
the supported combinations of modulation methods satisfying Condition #44.) 
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[0917] 

 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 

in the enhancement stream (enhancement layer), due to the nature of the streams 5 

(layers). 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 to differ from the modulation method when 

transmitting the enhancement stream (enhancement layer). For example, it is 

possible to use one of modes #1–#5 as in Table 3. 10 

[0918] 

 Table 3 

Mode Modulation method for 

base stream (layer) 

Modulation method for 

enhancement stream 

(layer) 

Mode #1 QPSK 16QAM 

Mode #2 QPSK 64QAM 

Mode #3 QPSK 256QAM 

Mode #4 16QAM 64QAM 

Mode #5 16QAM 256QAM 

 

[0919] 

 By correspondingly setting the method of regularly switching between 15 

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 

structure of the transmission device and the reception device. As an example, as 20 

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 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 s 1 described in Embodiment 1, and Fig. 47B shows the frame structure in the time and
frequency domains for the stream s2 described in Embodiment 1. Symbols at the same time and the
same (sub)carrier in stream sl and stream s2 are transmitted by a plurality of antennas at the same
time and the same frequency. [0833] 5In Figs. 47A and 47B, the (sub)carriers used when using OFDM
are divided as follows: a carrier 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 c - (sub)carrier c + Nc, a carrier group #D composed of (sub)carrier d - (sub)carrier d + Nd,
In each subcarrier group, a plurality of 10 transmission methods are assumed to be supported. By
supporting a plurality of 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 MEMO system with a fixed precoding matrix is used for carrier group #A, a MEMO system that
regularly hops between precoding matrices is used 15 for carrier group #B, only stream s 1 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 c - (sub)carrier c + Nc, a carrier group
#D composed of (sub)carrier d - (sub)carrier d + Nd, .... The difference between Figs. 47A and 47B
and Figs. 48A  and 48B is that in some carrier groups, the transmission method used in Figs. 47A and
47B differs from the transmission method used in Figs. 48A and 48B. In Figs. 48A and 48B,
space-time block coding is used to transmit carrier 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. 
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shown in Figs. 63 and 64, when using a method of modulating by modulation level 

(the number of signal points in the IQ plane), it may be better for methods of 

regularly switching between precoding matrices to differ. Therefore, a method for 

setting the periods (cycles) in the method of regularly switching between precoding 

matrices used when transmitting the base stream (base layer) to differ from the 5 

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. 

Alternatively, the method of structuring the precoding matrices in the method of 10 

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 

matrices is set as shown in Table 4 for each of the modes that can be set for the 15 

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 

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 

[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 signal zl(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 MEMO
system, the signal processing in method #1 20of Fig. 49 is performed. Specifically, the following
processing is performed. [0838] Math 291 Equation 250 iz1(t) 1 ei o AO) z2(t))o e' 020) (1 oysi(t)) (AO)
ks20 s2(t))  [0839]         When a method for transmitting one modulated signal is supported, from the
standpoint of transmission power, Equation 250 may be represented as Equation 5251. [0840] Math
292 Equation 251 (\ vz2(t), 
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Mode 

#3 

QPSK A 256QAM D 

Mode 

#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_1 and 

6105_2), the precoding method is switched in the precoders (6108_1 and 6108_2). 5 

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 10 

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 15 

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 20 

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 

o AO\ JO e Aszvii     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  [0843] Here, 011, 012, X., and .3 are fixed values. [0844]
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 sl, symbol s2, ... as
inputs. As shown in Fig. 50, space-time block coding is performed, z1(5003A) becomes "s 1 as symbol
#0", "-s2* as symbol #0", "s3 as symbol #2", "-s4* as symbol #3"..., and z2(5003B) 10 becomes "s2 as
symbol #0", "sl* as symbol #1", "s4 as symbol #2", "s3* as symbol #3".... In this case, symbol #X in zl
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. 
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and shows, for this case, correspondence between the settable mode, modulation 

method, and method of switching between precoding matrices. 

[0923] 

 Table 5 

Mode Base stream (layer) Extension stream (layer) 

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 #4 16QAM B 64QAM C 

Mode #5 16QAM B 256QAM D 

Mode #6 QPSK A   

Mode #7 16QAM B   

Mode #8 64QAM C   

Mode #9 256QAM D   

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 

mode. 10 

[0925] 

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, 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  determining unit (5205) determines the number of carriers,
modulation method, error correction method, coding ratio for error correction coding, transmission
method, and the like for each carrier group and outputs a control signal (5206). [0846] 5A modulated
signal generating unit #1 (5201_i) receives, as input, information (5200_i) and the control signal (5206)
and, based on the information on the transmission method in the control signal (5206), outputs a
modulated signal zl (5202_i) and a modulated signal z2 (5203_i) in the carrier group #A of Figs. 47A,
47B, 48A, and 48B. 10[0847]        Similarly, a modulated signal generating unit #2 (520i_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 zl (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 (520i_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 zl 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 (520i_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
zl (5202_4) and a modulated signal z2 (5203_4) in the carrier group #D of Figs. 47A, 47B, 48A, and
48B. [0850]         While not shown in the figures, the same is true for modulated signal generating unit
#5 through modulated signal generating unit #M - 1. [0851] Similarly, a modulated signal generating
unit #M (5201 M) receives, as 5 input, information (5200_M) and the control signal (5206) and, based
on the information on the transmission method in the control signal (5206), outputs a modulated signal
zl (5202_M) and a modulated signal z2 (5203_M) in a certain carrier group. [0852] 
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 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 Embodiment 1. In this case, 

the structure of the signal processing unit 711 of Fig. 7 is shown in Fig. 66. 

[0926] 5 

 In Fig. 66, 6601X is a channel estimation signal corresponding to the 

channel estimation signal 706_1 in 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_X in Fig. 7. 6604 is a signal 

regarding information on the transmission method indicated by the transmission 10 

device 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 the channel 

estimation signal 708_1 in Fig. 7. 6602Y is a channel estimation signal 15 

corresponding to the channel estimation signal 708_2 in Fig. 7. 6603Y is a baseband 

signal corresponding to the baseband signal 704_Y in Fig. 7. 

[0928] 

 A signal sorting unit (6605) receives the channel estimation signals (6601X, 

6602X, 6601Y, 6602Y), the baseband signals (6603X, 6603Y), and the signal 20 

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 

stream (enhancement layer), outputting channel estimation signals for the base 25 

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, 

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 (5208_i). The transmission signal (5208_i) is output as a radio wave from an
antenna (5209_i). [0853] Similarly, an OFDM related processor (5207_2) receives, as inputs, the 20
modulated signal zl (5203_i) in carrier group #A, the modulated signal zl (5203_2) in carrier group #B,
the modulated signal zl (5203_3) in carrier group #C, the modulated signal zl (5203_4) in carrier group
#D, ..., the modulated signal zl (5203_M) in a certain carrier group #M, and the control signal (5206),
performs processing such as reordering, inverse Fourier transform, frequency conversion,
25amplification, 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]         Fig. 53 shows an example
of a structure of the modulated signal generating units #1-#M in Fig. 52. An error correction encoder
(5302) receives, as inputs, 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  5
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.)  10 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] 15A
mapper (5306_i) 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_i). [0856] 20Similarly, 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] 25A 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 MIMO method for regularly hopping
between precoding matrices, space-time block coding, or a transmission method for transmitting only
stream sl) included in the control signal (5301), performs signal processing. The signal processing unit
(5308) outputs a processed signal zl (5309_i) 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. 
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6607_2, 6609_2, and 6610_2), and baseband signals for the enhancement stream 

(6608_2, 6611_2). 

[0929] 

 A detection and log-likelihood ratio calculation unit (6612_1) is a 

processing unit for the base stream (base layer) that receives the channel estimation 5 

signals for the base stream (6606_1, 6607_1, 6609_1, and 6610_1), baseband signals 

for the base stream (6608_1, 6611_1), and the signal regarding information on the 

transmission method indicated by the transmission device (6604) as input, estimates 

the modulation method and the method of switching between precoding matrices 

used for the base stream (base layer) from the signal regarding information on the 10 

transmission method indicated by the transmission device (6604), and based on the 

modulation method and the method of switching, decodes the precoding, calculates 

the log-likelihood ratio for each bit, and outputs a log-likelihood ratio signal 

(6613_1). Note that the detection and log-likelihood ratio calculation unit (6612_1) 

performs detection and decoding of precoding and outputs a log-likelihood ratio 15 

signal even for modes #6–#10 for which no enhancement stream (enhancement 

layer) exists in Table 5. 

[0930] 

 A detection and log-likelihood ratio calculation unit (6612_2) is a 

processing unit for the enhancement stream (enhancement layer) that receives the 20 

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 

method of switching between precoding matrices used for the enhancement stream 25 

(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 

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 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 Si, 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 Si, 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 25separately 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 205 group, as in Figs. 47A, 47B, 48A, 48B, and 51. In Figs. 55A
and 55B, control 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 5 for stream sl, 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 10 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 sl at time $1. [0861] The individual
control information symbols are for transmitting control 15 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 20 information symbols are set
to be transmitted from only stream sl 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 25 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 sl. 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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log-likelihood ratio for each bit, and outputs a log-likelihood ratio signal (6613_2). 

Note that operations are stopped for modes #6–#10 for which no enhancement 

stream (enhancement layer) exists in Table 5. 

[0931] 

 In the transmission device described with reference to Figs. 61 and 62, only 5 

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 

transmission method, and information on precoding matrices used when adopting a 10 

transmission method that regularly switches between precoding matrices), the error 

correction coding method (type of coding, coding rate), and the like. Furthermore, in 

the reception device, pilot symbols, reference symbols, and preambles for channel 

estimation (estimation of fluctuations in the channel), frequency synchronization, 

frequency offset estimation, and signal detection have a frame structure existing in a 15 

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) 

as input, reorders the signal, and outputs a deinterleaved log-likelihood ratio signal 20 

(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 

ratio signal (6615_2). 25 

[0934] 

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.) 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. [0867]        The channel fluctuation estimating unit 705_i for the modulated signal
zl receives, as inputs, the processed signal 704_X and the control signal 710, performs channel
estimation in the carrier group required by the reception device (the desired 5carrier group), and
outputs a channel estimation signal 706_i. [0868]        Similarly, the channel fluctuation estimating unit
705_2 for the modulated signal z2 receives, as inputs, the processed signal 704_X and the control
signal 710, performs channel estimation in the carrier group required by the reception device 10(the
desired carrier group), and outputs a channel estimation signal 706_2. [0869]        Similarly, the
channel fluctuation estimating unit 705_i for the modulated signal zl 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_i. 
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 A decoder (6616_1) receives the deinterleaved log-likelihood ratio signal 

(6615_1) as input, performs error correction decoding, and outputs received 

information (6617_1). 

[0935] 

 Similarly, a decoder (6616_2) receives the deinterleaved log-likelihood ratio 5 

signal (6615_2) as input, performs error correction decoding, and outputs received 

information (6617_2). 

[0936] 

 When a transmission mode exists, as in Table 5, the following methods are 

possible. 10 

· As described in Embodiment 1, the transmission device transmits information 

regarding the precoding matrices used in the method of switching between 

precoding matrices. The detection and log-likelihood ratio calculation units (6612_1 

and 6612_2) obtain this information and decode the precoding. 

· As described in Embodiment 7, the transmission and reception devices share the 15 

information in Table 5 beforehand, and the transmission device transmits 

information on the mode. Based on Table 5, the reception device estimates the 

precoding matrices used in the method of switching between precoding matrices and 

decodes the precoding. 

[0937] 20 

 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. 

[0938] 

 The present embodiment has described examples of four-slot and eight-slot 25 

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 

[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.  [0872]       Fig.
57 shows the structure of the OFDM related processors (5600 X, 5600_Y) in Fig. 56. A frequency
converter (5701) receives, 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 frequency converted signal (5702), performs a Fourier transform, and outputs a Fourier
transformed signal (5704). 10[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  15 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 20 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 sl", 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 25 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  achieved by allowing for selection of a transmission method
for each carrier group from among "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 5stream sl". [0875]       Figs. 58A and 58B show
a method of allocation into carrier groups that differs from Figs. 47A, 47B, 48A, 48B, and 51. In Figs.
47A, 47B, 48A, 48B, 51, 55A, and 55B, carrier groups have described as being formed by groups of
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 
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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 - 1] generated in the present 5 

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 matrices do not necessarily need 10 

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 

in the method of regularly switching between precoding matrices, but modes are not 15 

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 

transmission device (broadcast station, base station) may select the transmission 20 

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 

supported. Modes that use other transmission methods may also exist. The present 25 

embodiment may also be adapted to Embodiment 15 so that the hierarchical 

transmission method that uses the method of regularly switching between precoding 

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
Embodiment 10, the present embodiment describes a method for regularly hopping between
precoding matrices using a unitary matrix when N is an odd number. 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 for i =
0, 1, 2, ..., N - 2, N - 1: F[i] = 1 e'onoa x ei(eip+4` '2 i &xeei(921022r) a +1  15[0880] Let a be a fixed
value (not depending on i), where a> 0. [0881] Math 295 Equation 254 
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matrices, as described in the present Embodiment, is used in any of the (sub)carriers 

in Embodiment 15. 

(Embodiment A2) 

 In Embodiment A1, a method of achieving hierarchical transmission with 

methods of regularly switching between precoding matrices has been described. In 5 

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 10 

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 A1 in that the base 

stream (layer) is not precoded. 

[0941] 15 

 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). 20 

[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 25 

baseband signal (6201_1). 

[0943] 

20 for i = N, N + 1, N + 2, ..., 2N - 2, 2N - 1:  1  a x ee C9110+2) a2  1e16210)a x e1(19210)21I)
[0882]          Let a be a fixed v due (not depending on i), where a > 0. (Let the a in Equation 253 and
the a 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 5excellent
data reception quality. [0883] Math 296 Condition #46 # e1(0(9,i(Y))for Vx, V y (x y; x, y = 0,1,2,    , N -
2, N -1) 10 [0884] (xis 0,1, 2,...,N-2,N-1;yis [0885] Math 297 15 Condition #47 ei(0"(4-921(x),),
e49"62)-821(y)-4for Vx, V y (x y; x, y = 0,1,2,    , N -2, N-1) [0886] (xis 0,1, 2,...,N-2,N-1;yis 20Addition
of the following condition is considered. [0887] Math 298 Condition #48 
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 The reordering unit (6200_2) receives the precoded baseband signal 

(6110_2) 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_2). 

[0944] 5 

 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 “Xth symbol in the base stream (base 

layer)”. Note that the structure of symbols in the enhancement stream (enhancement 

layer) is as shown in Fig. 64. 10 

[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 

70B. In Figs. 70A and 70B, a “-” indicates that no symbol exists. During 15 

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 

described in Embodiment 1. 20 

[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 

in the enhancement stream (enhancement layer), due to the nature of the streams 25 

(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 z1 (i.e. without transmitting the modulated signal z2). Conversely, when 

On (x) =(x + N) for Vx (x = 0,1,2,    , N - 2, N -1) 25 and  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(o"(x+o-on(x+0)2.7r\ ei(0"(x)-0,N(9) for Vx (x =
0,1,2,    , N - 2)  [0891]          In other words, Condition #49 means that the difference in phase is 27c/N
radians. On the other hand, Condition #50 means that the difference in phase is 20 -27c/N radians. 
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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. 

[0947] 5 

 Table 6 

Mode Modulation method for 

base stream (layer) 

Modulation method for 

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 

 

[0948] 

 The characteristic feature of Table 6 is that the modulation method for the 

base stream (base layer) and the modulation method for the enhancement stream 10 

(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). 15 

[0949] 

[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
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 <I\Il 6, 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[0]-F[2N - 1 ] are generated based on Equations 253 and 254 (the precoding matrices
F[0]-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 s 1 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 IQ plane for a specific LOS environment may be achieved. [0894]       The following
conditions are possible as conditions differing from Condition #48: 5 [0895] Math 301 Condition #51
e1(0"(x) 02,(4) e1(0"(y) (92,(A) for Vx,(x y; x, y = N,N +1,N 2,,2N- 2,2N-1)  [0896] (where x is N, N + 1,
N + 2, ..., 2N - 2, 2N - 1; y is N, N + 1, N + 2, ..., 2N - 2, 2N- 1;andx#y.) [0897] 
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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 A1 is 

that the detection and log-likelihood ratio calculation unit (6612_1) in Fig. 66 does 

not decode precoding. 

[0950] 5 

 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 information. If the 

transmission and reception devices share the information in Table 6, another method 10 

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 

log-likelihood ratio calculation unit change the signal processing method. Note that 15 

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. 

[0951] 20 

 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] 

 The periods (cycles) of switching between precoding matrices in the method 25 

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 - 

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 x is N, N + 1, N + 2, ..., 2N - 2, 2N - 1; y is N, 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 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 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 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 10need 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_l) for a base stream (base layer) receives information (6100_l) of
the base stream (base layer) as input, performs error correction coding, and outputs encoded
information (6102_l) of the base stream (base layer). [0903] 
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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 

- 1] generated in the present Embodiment, precoding weights may be changed by 5 

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 

matrices do not necessarily need to be used in a regular period (cycle). 10 

[0953] 

 Furthermore, Table 6 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 

MIMO system in which precoding matrices are fixed, a space-time block coding 15 

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 

among these modes. In this case, in the spatial multiplexing MIMO system, the 20 

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 

use other transmission methods may also exist. The present embodiment may also 25 

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] 

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). [0905] 10Similarly, 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_i) receives the interleaved, encoded data (6104_i)
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_i) (corresponding to s1 (t) (307A) in Fig. 3) and a baseband signal (6106_2) (corresponding to
s2(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 25rate), 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 217 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 (6107_i) (corresponding to si(t) (307A) in Fig. 3) and a
baseband signal (6i07_2) (corresponding to s2(t) 5(307B) in Fig. 3). [0908]       A precoder (6108_i)
receives the baseband signal (6106_i) (corresponding to s1(t) (307A) in Fig. 3), the baseband signal
(6i06_2) (corresponding to s2(t) (307B) in Fig. 3), and the information signal regarding the
transmission method 10 (6111) as input, performs precoding based on the method of regularly
switching between precoding matrices as indicated by the information signal regarding the
transmission method (6111), and outputs a precoded baseband signal (6109_i) (corresponding to z1(t)
(309A) in Fig. 3) and a precoded baseband signal (6109_2) (corresponding to z2(t) (309B) in Fig. 3).
15[0909]       Similarly, a precoder (6108_2) receives the baseband signal (6107_i) (corresponding to
s1(t) (307A) in Fig. 3), the baseband signal (6107_2) (corresponding to s2(t) (307B) in Fig. 3), and the
information signal regarding the transmission method (6111) as input, performs precoding based on
the method of 20 regularly switching between precoding matrices as indicated by the information
signal regarding the transmission method (6111), and outputs a precoded baseband signal (6110_i)
(corresponding to z1(t) (309A) in Fig. 3) and a precoded baseband signal (6110_2) (corresponding to
z2(t) (309B) in Fig. 3). [0910] 25In Fig. 62, a reordering unit (6200_i) receives the precoded baseband
signal 
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(Embodiment A3) 

 The present embodiment describes hierarchical transmission that differs 

from Embodiments A1 and A2. 

[0955] 

 Figs. 71 and 72 show the structure of a transmission device when 5 

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 space-time block coder 7101 

is provided. The present embodiment differs from Embodiment A2 in that 

space-time block coding is performed on the base stream (layer). 10 

[0956] 

 The space-time block coder (7101) (which in some cases may be a 

frequency-space block coder) in Fig. 71 receives a mapped baseband signal (7100) 

and the information signal regarding the transmission method (6111) as input, 

performs space-time block coding based on the information signal regarding the 15 

transmission method (6111), and outputs a space-time block coded baseband signal 

(7102_1) (represented as z1(t)) and a space-time block coded baseband signal 

(7102_2) (represented as z2(t)). 

[0957] 

 While referred to here as space-time block coding, symbols that are 20 

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 

appropriately (i.e. arranged using both the time and the frequency axes). 25 

[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 

(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_I) receives the reordered, precoded baseband signal (6201 1), applies the
signal processing described in Embodiment 1, and outputs a transmission signal (6203_i). The
transmission signal (6203_i) is output from an antenna (6204_i). [0913] 10Similarly, an OFDM related
processor (6202_2) receives the reordered, precoded baseband signal (6201 2), applies the signal
processing described in Embodiment 1, and outputs a transmission signal (6203_2). The transmission
signal (6203_2) is output from an antenna (6204_2). [0914] 15Fig. 63 illustrates operations of the
precoder (6108_i) 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
described in Figs. 3, 6, 22, and the like. Since Fig. 61 illustrates the precoder (6108 1), Fig. 63 shows
operations for weighting of the base stream (base layer). As 20 shown in Fig. 63, when the precoder
6108_i performs weighting, i.e. when the precoder 6108_i generates a precoded baseband signal by
performing precoding, z1(t) and z2(t) are generated as a result of precoding that regularly switches
between 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
zi(t) and z2(t) are represented as 6301 and 6302. In Fig. 63, a symbol is represented as "B #X F[Y]",
which refers to the Xth  symbol in the base stream (base layer) being precoded with the F[Y] precoding
matrix (where Y is any integer from 0 to 7). [0915] Fig. 64 illustrates operations of the precoder
(6108_2) in Fig. 61. The 5 precoder (6108_2) regularly switches between precoding matrices, and the
structure and operations of the precoder (6108_2) are similar 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, z1(t) and z2(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 15as f[0], f[1], f[2], and f[3]. The symbols in the
precoded signals zi(t) and z2(t) are represented as 6403 and 6404. In Fig. 64, a symbol is represented
as "E #X f[Y]", which refers to the Xth 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] 
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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). 

[0959] 

 Similarly, the reordering unit (6200_2) receives the precoded baseband 5 

signal (7102_2), the precoded baseband signal (6110_2), 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_2). 

[0960] 10 

 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 z1(t)), and the symbol group (7302) 

corresponds to the space-time block coded baseband signal (7102_2) (represented as 15 

z2(t)). 

[0961] 

 The mapper (6105_1) in Fig. 71 represents signals as s1, s2, s3, s4, s5, s6, 

s7, s8, s9, s10, s11, s12, … in the order in which signals are output. The space-time 

block coder (7101) in Fig. 71 then performs space-time block coding on s1 and s2, 20 

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), (s11, 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 

embodiment; the present embodiment may be similarly achieved using different 25 

space-time block coding. 

[0962] 

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 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.  [0917]       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 5 in the enhancement stream (enhancement layer), due to the nature of the
streams (layers). 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 to differ from the modulation method when transmitting the enhancement stream
(enhancement layer). For example, it is 10 possible to use one of modes #1-#5 as in Table 3. [0918]
Table 3 Mode Modulationmethodfor base stream (layer) Modulationmethodfor enhancementstream
(layer) Mode #1 QPSK 16QAM Mode #2 QPSK 64QAM Mode #3 QPSK 
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 Figs. 74A and 74B show an example of the method of reordering in the 

reordering unit (6200_1) and the reordering unit (6200_2) in Fig. 72. Fig. 74A is an 

example of arranging symbols in the modulated signal z1 in the time domain and the 

frequency domain. Fig. 74B is an example of arranging symbols in the modulated 

signal z2 in the time domain and the frequency domain. During transmission, 5 

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. 74A and 74B is that space-time block coded symbols are arranged in the 

frequency domain in order. 

[0963] 10 

 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 z1 in the time domain and the 

frequency domain. Fig. 75B is an example of arranging symbols in the modulated 

signal z2 in the time domain and the frequency domain. During transmission, 15 

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. 

[0964] 20 

 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 

(enhancement layer) are transmitted, it is necessary for the reception quality of data 25 

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, 

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 device. As an example, as 221  shown in Figs. 63 and 64, when using a method of
modulating by modulation level (the number of signal points in the IQ plane), it may be better for
methods of regularly switching between precoding matrices to differ. Therefore, a method for setting
the periods (cycles) in the method of regularly switching between precoding 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)  
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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. 5 

[0966] 

 Table 7 

Mode Modulation method for 

base stream (layer) 

Modulation method for 

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 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). 

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 
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[0968] 

 Note that modes #1–#9 in Table 7 are modes for hierarchical transmission, 

but modes that are not for hierarchical transmission may also be supported. In the 

present embodiment, a single mode for space-time block coding and a single mode 

for regularly switching between precoding matrices may exist as modes that are not 5 

for hierarchical transmission, and when supporting the modes for hierarchical 

transmission in Table 7, the transmission device and the reception device of the 

present embodiment may easily set the mode to the single mode for space-time 

block coding or the single mode for regularly switching between precoding matrices. 

[0969] 10 

 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 

information. If the transmission and reception devices share the information in Table 15 

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 

log-likelihood ratio calculation unit change the signal processing method. Note that 20 

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. 

[0970] 25 

 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. 

#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 between precoding matrices may be the same for 64QAM and for 256QAM. The important
point is that there be at least two methods 10 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 15 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, 20 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  and shows, for this case, correspondence
between the settable mode, modulation method, and method of switching between precoding
matrices. [0923] Table 5 
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[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), 

N different precoding matrices are necessary. In this case, F[0], F[1], F[2], …, F[N - 5 

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 

- 1] generated in the present Embodiment, precoding weights may be changed by 10 

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 

matrices do not necessarily need to be used in a regular period (cycle). 15 

[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 

MIMO system in which precoding matrices are fixed, a space-time block coding 20 

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 

among these modes. In this case, in the spatial multiplexing MIMO system, the 25 

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 

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
QPSK A   16QAM B   
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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. 

[0973] 5 

(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 

Low-Density Parity-Check (QC-LDPC) code (or an LDPC code other than a 10 

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 

number of bits in an encoded block matches the number of bits composing the block 15 

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 

composing the block code and the number of bits in the control information or the 20 

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 

modification of the number of symbols and of slots necessary for one encoded block 25 

when using block coding” for the case when, for example as shown in the 

transmission device in Fig. 4, two streams, s1 and s2, are transmitted, and the 

transmission device has one encoder. (In this case, the transmission method may be 

Mode #2 QPSK A   64QAM C   Mode #3 QPSK A   256QAM D   Mode #4 16QAM B   64QAM 



242 

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. 5 

[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 10 

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 15 

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. 20 

[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[0], 25 

F[1], F[2], F[3], and F[4]. 

[0979] 

C   Mode #5 16QAM B   256QAM D   Mode #6 QPSK A       Mode #7 16QAM B 
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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 5 

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 10 

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 15 

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] 20 

 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 K0 is the number of 

slots using the precoding matrix F[0], K1 is the number of slots using the precoding 25 

matrix F[1], Ki is the number of slots using the precoding matrix F[i] (i = 0, 1, 2, …, 

N - 1), and KN - 1 is the number of slots using the precoding matrix F[N - 1]. 

Condition #53 

Mode #8 64QAM C       Mode #9 256QAM D       
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K0 = K1 = … = Ki = … = KN - 1, i.e. Ka = Kb (for ∀a, ∀b, where a, b, = 0, 1, 2, …, N 

- 1, and a ≠ b). 

 

[0983] 

 If the communications system supports a plurality of modulation methods, 5 

and the modulation method that is used is selected from among the supported 

modulation methods, then a modulation method for which Condition #53 is satisfied 

should be selected. 

[0984] 

 When a plurality of modulation methods are supported, it is typical for the 10 

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 

condition should be satisfied. 15 

[0985] 

Condition #54 

The difference between Ka and Kb is 0 or 1, i.e. |Ka - Kb| is 0 or 1 (for ∀a, ∀b, 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 

transmission device in Fig. 3 and in Fig. 13, two streams are transmitted, i.e. s1 and 25 

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.) 

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
Embodiment 1. In this case, the structure of the signal processing unit 711 of Fig. 7 is shown in Fig.
66. 5[0926]        In Fig. 66, 6601X is a channel estimation signal corresponding to the channel
estimation signal 706_i in 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_X in Fig. 7. 6604 is a signal 10 regarding information on the transmission method indicated by the
transmission device 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 the channel  15 estimation signal 708_i in Fig. 7. 6602Y is a channel estimation
signal corresponding to the channel estimation signal 708_2 in Fig. 7. 6603Y is a baseband signal
corresponding to the baseband signal 704_Y in Fig. 7. [0928] 
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 As shown in Fig. 77, 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. 

[0986] 5 

 The transmission device in Fig. 3 or in Fig. 13 transmits two streams 

simultaneously, and since two encoders are provided, different encoded blocks are 

transmitted in the two streams. Accordingly, when the modulation method is QPSK, 

two encoded blocks are transmitted in s1 and s2 within the same interval. For 

example, a first encoded block is transmitted in s1, and a second encoded block is 10 

transmitted in s2, and therefore, 3,000 slots are required to transmit the first and 

second encoded blocks. 

[0987] 

 By similar reasoning, when the modulation method is 16QAM, 1,500 slots 

are necessary to transmit all of the bits constituting two encoded blocks, and when 15 

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 

and the precoding matrices in the method of regularly switching between precoding 20 

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 

as F[0], F[1], F[2], F[3], and F[4]. 25 

[0989] 

 When the modulation method is QPSK, among the 3,000 slots described 

above for transmitting the 6,000 × 2 bits constituting two encoded blocks, it is 

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 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,  6607 2, 6609 2, and 6610 2), and baseband signals for the
enhancement stream (6608 2, 6611_2). [0929] A detection and log-likelihood ratio calculation unit
(6612_i) is a 5 processing unit for the base stream (base layer) that receives the 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), and the signal regarding information on the transmission method indicated by
the transmission device (6604) as input, estimates the modulation method and the method of switching
between precoding matrices 10 used for the base stream (base 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 log-likelihood
ratio for each bit, and outputs a log-likelihood ratio signal (6613_i). Note that the detection and
log-likelihood ratio calculation unit (6612_i) 15 performs detection and decoding of precoding and
outputs a log-likelihood ratio signal even for modes #6-#10 for which no enhancement stream
(enhancement layer) 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  log-likelihood ratio for each bit, and
outputs a log-likelihood ratio signal (6613_2). Note that operations are stopped for modes #6-#10 for
which no enhancement stream (enhancement layer) exists in Table 5. [0931] 
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necessary for 600 slots to use the precoding matrix F[0], 600 slots to use the 

precoding matrix F[1], 600 slots to use the precoding matrix F[2], 600 slots to use 

the precoding matrix F[3], and 600 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. 5 

[0990] 

 To transmit the first encoded block, it is necessary for the slot using the 

precoding matrix F[0] to occur 600 times, the slot using the precoding matrix F[1] to 

occur 600 times, the slot using the precoding matrix F[2] to occur 600 times, the slot 

using the precoding matrix F[3] to occur 600 times, and the slot using the precoding 10 

matrix F[4] to occur 600 times. To transmit the second encoded block, the slot using 

the precoding matrix F[0] should occur 600 times, the slot using the precoding 

matrix F[1] should occur 600 times, the slot using the precoding matrix F[2] should 

occur 600 times, the slot using the precoding matrix F[3] should occur 600 times, 

and the slot using the precoding matrix F[4] should occur 600 times. 15 

[0991] 

 Similarly, when the modulation method is 16QAM, among the 1,500 slots 

described above for transmitting the 6,000 × 2 bits constituting two encoded blocks, 

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 20 

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 

occur 300 times, the slot using the precoding matrix F[2] to occur 300 times, the slot 25 

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 

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 that regularly switches between precoding matrices), the error correction coding method (type
of coding, coding rate), and the like. Furthermore, in the reception device, pilot symbols, reference
symbols, and preambles for channel estimation (estimation of fluctuations in 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 Al, but also for
Embodiment A2 and subsequent embodiments. [0932]          A deinterleaver (6614_l) receives the
log-likelihood ratio signal (6613_l) 20as input, reorders the signal, and outputs a deinterleaved
log-likelihood ratio signal (6615_l). [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 25ratio signal (6615_2). [0934]          A decoder (6616_i) receives the deinterleaved
log-likelihood ratio signal (6615_i) as input, performs error correction decoding, and outputs received
information (6617_i). [0935] 5Similarly, a decoder (6616_2) receives the deinterleaved log-likelihood
ratio signal (6615_2) as input, performs error correction decoding, and outputs received information
(6617 2). [0936]            When a transmission mode exists, as in Table 5, the following methods are
10possible.  As described in Embodiment 1, the transmission device transmits information regarding
the precoding matrices used in the method of switching between precoding matrices. The detection
and log-likelihood ratio calculation units (6612_i and 6612_2) obtain this information and decode the
precoding. 15  As described in Embodiment 7, the transmission and reception devices share the
information in Table 5 beforehand, and the transmission device transmits information on the mode.
Based on Table 5, the reception device estimates the precoding matrices used in the method of
switching between precoding matrices and decodes the precoding. 20[0937]       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. 
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matrix F[1] should occur 300 times, the slot using the precoding matrix F[2] should 

occur 300 times, the slot using the precoding matrix F[3] should occur 300 times, 

and the slot using the precoding matrix F[4] should occur 300 times. 

[0993] 

 Similarly, when the modulation method is 64QAM, among the 1,000 slots 5 

described above for transmitting the 6,000 × 2 bits constituting two encoded blocks, 

it is necessary for 200 slots to use the precoding matrix F[0], 200 slots to use the 

precoding matrix F[1], 200 slots to use the precoding matrix F[2], 200 slots to use 

the precoding matrix F[3], and 200 slots to use the precoding matrix F[4]. 

[0994] 10 

 To transmit the first encoded block, it is necessary for the slot using the 

precoding matrix F[0] to occur 200 times, the slot using the precoding matrix F[1] to 

occur 200 times, the slot using the precoding matrix F[2] to occur 200 times, the slot 

using the precoding matrix F[3] to occur 200 times, and the slot using the precoding 

matrix F[4] to occur 200 times. To transmit the second encoded block, the slot using 15 

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. 

[0995] 20 

 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 K0 is the number of 

slots using the precoding matrix F[0], K1 is the number of slots using the precoding 25 

matrix F[1], Ki is the number of slots using the precoding matrix F[i] (i = 0, 1, 2, …, 

N - 1), and KN - 1 is the number of slots using the precoding matrix F[N - 1]. 

Condition #55 

[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 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  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 MEMO 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 MEMO 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  matrices, as described in the present Embodiment, is used in any of the
(sub)carriers in Embodiment 15. (Embodiment A2) In Embodiment Al, a method of achieving
hierarchical transmission with 5 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 
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K0 = K1 = … = Ki = … = KN - 1, i.e. Ka = Kb (for ∀a, ∀b, where a, b, = 0, 1, 2, …, N 

- 1, and a ≠ b). 

 

When transmitting all of the bits constituting the first encoded block, Condition #56 

should be satisfied, wherein K0,1 is the number of times the precoding matrix F[0] is 5 

used, K1,1 is the number of times the precoding matrix F[1] is used, Ki,1 is the 

number of times the precoding matrix F[i] is used (i = 0, 1, 2, …, N - 1), and KN - 1,1 

is the number of times the precoding matrix F[N - 1] is used. 

Condition #56 

K0,1 = K1,1 = … = Ki,1 = … = KN – 1,1, i.e. Ka,1 = Kb,1 (for ∀a, ∀b, where a, b, = 0, 1, 2, 10 

…, N - 1, and a ≠ b). 

 

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 

F[0] is used, K1,2 is the number of times the precoding matrix F[1] is used, Ki,2 is the 15 

number of times the precoding matrix F[i] is used (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 = … = Ki,2 = … = KN - 1,2, i.e. Ka,2 = Kb,2 (for ∀a, ∀b, where a, b, = 0, 1, 2, 

…, N - 1, and a ≠ b). 20 

 

[0996] 

 If the communications system supports a plurality of modulation methods, 

and the modulation method that is used is selected from among the supported 

modulation methods, and the selected modulation method preferably satisfies 25 

Conditions #55, #56, and #57. 

[0997] 

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_l 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_l) receives the interleaved, encoded data (6104_l) 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
20baseband signal (6700). [0942]        In Fig. 68, the reordering unit (6200_l) 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 transmission method (6111), and outputs the reordered baseband signal (6201_l). [0943]         The
reordering unit (6200_2) receives the precoded baseband signal (6110 2) 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_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 "Xth symbol in the base stream (base layer)". Note that the structure of symbols in
the enhancement stream (enhancement 10layer) is as shown in Fig. 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. 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, 



249 

 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 Conditions #55, #56, and #57. In such a case, instead of Conditions #55, 5 

#56, and #57, the following conditions should be satisfied. 

[0998] 

Condition #58 

The difference between Ka and Kb is 0 or 1, i.e. |Ka - Kb| is 0 or 1 (for ∀a, ∀b, where 

a, b, = 0, 1, 2, …, N - 1, and a ≠ b). 10 

 

Condition #59 

The difference between Ka,1 and Kb,1 is 0 or 1, i.e. |Ka,1 – Kb,1| is 0 or 1 (for ∀a, ∀b, 

where a, b, = 0, 1, 2, …, N - 1, and a ≠ b). 

 15 

Condition #60 

The difference between Ka,2 and Kb,2 is 0 or 1, i.e. |Ka,2 – Kb,2| is 0 or 1 (for ∀a, ∀b, 

where a, b, = 0, 1, 2, …, N - 1, and a ≠ b). 

 

 Associating encoded blocks with precoding matrices in this way eliminates 20 

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] 

 It is of course preferable to eliminate bias between precoding matrices that 25 

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, 

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) Modulationmethodfor enhancementstream (layer) Mode #1 QPSK 16QAM Mode #2 QPSK
64QAM Mode #3 QPSK 256QAM Mode #4 16QAM 16QAM 
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“uniformly” refers to the difference between the maximum number of times one of 

the precoding matrices is used and the minimum number of times one of the 

precoding matrices is used being at most one, as described above. 

[1000] 

 Furthermore, while it is preferable to use all N precoding matrices, as long 5 

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 

necessary to do so evenly in order to guarantee reception quality at the reception 10 

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 

precoding matrices F[0], F[4], F[8], and F[12] are used. If sixteen precoding 15 

matrices F[0], 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] 

 In the present embodiment, in the method of regularly switching between 20 

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], 

…, F[N - 2] , F[N - 1], but arrangement is not limited in this way. With N different 25 

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 

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]  
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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 matrices do not necessarily need 

to be used in a regular period (cycle). 

[1002] 5 

 Furthermore, 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, a one-stream-only transmission mode, and modes for methods of 

regularly switching between precoding matrices may exist, and the transmission 

device (broadcast station, base station) may select the transmission method from 10 

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, it is preferable to implement the 

present embodiment in the (sub)carriers for which a method of regularly switching 15 

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 

a system using the application. 20 

[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 

above embodiments are implemented in a digital broadcasting system 7800, as 25 

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, 

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_l) 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 device can identify the precoding method used by acquiring this information. If the 10
transmission and reception devices share the information in Table 6, 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
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] 25The 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 -  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 5 - 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 10matrices do not
necessarily need to be used in a regular period (cycle). [0953]       Furthermore, Table 6 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 15 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 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 
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the broadcasting station 7801 transmits multiplexed data, in which video data, audio 

data, and the like are multiplexed, using the transmission methods in the above 

embodiments over a predetermined broadcasting band. 

[1004] 

 An antenna (for example, antennas 7810 and 7840) internal to each 5 

reception device, or provided externally and connected to the reception device, 

receives the signal transmitted from the broadcasting station 7801. Each reception 

device obtains the multiplexed data by using the reception methods in the above 

embodiments to demodulate the signal received by the antenna. In this way, the 

digital broadcasting system 7800 obtains the advantageous effects of the present 10 

invention described in the above embodiments. 

[1005] 

 The video data included in the multiplexed data has been coded with a 

moving picture coding method compliant with a standard such as Moving Picture 

Experts Group (MPEG)2, MPEG4-Advanced Video Coding (AVC), VC-1, or the 15 

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. 

[1006] 20 

 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 

configure the coding unit as a separate LSI (or chip set). The reception device 7900 25 

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 

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 space-time block coder 7101 is provided. The present embodiment differs from Embodiment A2
in that 10space-time block coding is performed on the base stream (layer). [0956]       The space-time
block coder (7101) (which in some cases may be a frequency-space block coder) in Fig. 71 receives a
mapped baseband signal (7100) and the information signal regarding the transmission method (6111)
as input, 15 performs space-time block coding based on the information signal regarding the
transmission method (6111), and outputs a space-time block coded baseband signal (7102_l)
(represented as z1(0) and a space-time block coded baseband signal (7102_2) (represented as z2(0).
[0957] 20While 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_l) receives the space-time block coded baseband signal (7102 1),
the precoded baseband signal (6110 1), and the 235 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_i). [0959] 5Similarly,
the reordering unit (6200_2) receives the precoded baseband signal (7102 2), the precoded baseband
signal (6110 2), 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_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_i) (represented as z1(0), and the symbol group (7302) 15 corresponds to the
space-time block coded baseband signal (7102_2) (represented as z2(0)- 
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reception device 7900 includes a tuner 7901, for transforming a high-frequency 

signal received by an antenna 7960 into a baseband signal, and a demodulation unit 

7902, for demodulating multiplexed data from the baseband signal obtained by 

frequency conversion. The reception methods described in the above embodiments 

are implemented in the demodulation unit 7902, thus obtaining the advantageous 5 

effects of the present invention described in the above embodiments. 

[1007] 

 The reception device 7900 includes a stream input/output unit 7903, a signal 

processing unit 7904, an audio output unit 7906, and a video display unit 7907. The 

stream input/output unit 7903 demultiplexes video and audio data from multiplexed 10 

data obtained by the demodulation unit 7902. The signal processing unit 7904 

decodes the demultiplexed video data into a video signal using an appropriate 

moving picture decoding method and decodes the demultiplexed audio data into an 

audio signal using an appropriate audio decoding method. The audio output unit 

7906, such as a speaker, produces audio output according to the decoded audio 15 

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 

channel (of a TV program or audio broadcast), so that information indicative of the 20 

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 

control symbols included in a signal corresponding to the selected channel and 25 

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 

[0961]       The mapper (6105_i) 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 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]
Figs. 74A and 74B show an example of the method of reordering in the reordering unit (6200_i) and
the reordering unit (6200_2) in Fig. 72. Fig. 74A is an example of arranging symbols in the modulated
signal z] in the time domain and the frequency domain. Fig. 74B is an example of arranging symbols in
the modulated 5 signal z2 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. 74A and 74B is that space-time block
coded symbols are arranged in the frequency domain in order. 10[0963]       Figs. 75A and 75B show
an example of the method of reordering in the reordering unit (6200_i) 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 z2 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, 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. 5 For example, it is possible to use one of modes #1-#9 as in Table 7. [0966] Table 7 Mode
Modulationmethodfor base stream (layer) Modulationmethodfor 
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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). 

Although the above description is directed to an example in which the user selects a 5 

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] 

 With the above structure, the user can view a broadcast program that the 10 

reception device 7900 receives by the reception methods described in the above 

embodiments. 

[1010] 

 The reception device 7900 according to this embodiment may additionally 

include a recording unit (drive) 7908 for recording various data onto a recording 15 

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, 

data obtained by compressing the data), and data obtained by processing the moving 20 

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 

description where similar wording appears.) Note that the term “optical disc” used 25 

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 

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 
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disk (FD, registered trademark) or hard disk, that is writable by magnetizing a 

magnetic substance with magnetic flux. Still further, the term “non-volatile 

semiconductor memory” refers to a recording medium, such as flash memory or 

ferroelectric random access memory, composed of semiconductor element(s). 

Specific examples of non-volatile semiconductor memory include an SD card using 5 

flash memory and a flash Solid State Drive (SSD). It should be naturally appreciated 

that the specific types of recording media mentioned herein are merely examples, 

and any other types of recording mediums may be usable. 

[1011] 

 With the above structure, the user can record a broadcast program that the 10 

reception device 7900 receives with any of the reception methods described in the 

above embodiments, and time-shift viewing of the recorded broadcast program is 

possible anytime after the broadcast. 

[1012] 

 In the above description of the reception device 7900, the recording unit 15 

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 

correction by the demodulation unit 7902 may contain contents of data broadcast 20 

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 

generated multiplexed data. Alternatively, new multiplexed data may be generated 25 

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 

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
(enhancement layer) differ, since different transmission methods are used for the two streams (layers).
[0968]       Note that modes #1-#9 in Table 7 are modes for hierarchical transmission, but modes that
are not for hierarchical transmission may also be supported. In the present embodiment, a single
mode for space-time block coding and a single mode 5 for regularly switching between precoding
matrices may exist as modes that are not for hierarchical transmission, and when supporting the
modes for hierarchical transmission in Table 7, the transmission device and the reception device of the
present embodiment 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 salable 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.  [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 
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generated multiplexed data. The recording unit 7908 may also record the contents of 

data broadcast service included, as described above, in the multiplexed data. 

[1013] 

 The reception device 7900 described in this embodiment may be included in 

a television, a recorder (such as DVD recorder, Blu-ray recorder, HDD recorder, SD 5 

card recorder, or the like), or a mobile telephone. In such a case, the multiplexed 

data obtained as a result of demodulation and error correction decoding by the 

demodulation unit 7902 may contain data for correcting errors (bugs) in software 

used to operate the television or recorder or in software used to prevent disclosure of 

personal or confidential information. If such data is contained, the data is installed 10 

on the television or recorder to correct the software errors. Further, if data for 

correcting errors (bugs) in software installed in the reception device 7900 is 

contained, such data is used to correct errors that the reception device 7900 may 

have. This arrangement ensures more stable operation of the TV, recorder, or mobile 

phone in which the reception device 7900 is implemented. 15 

[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 

multiplexing of the extracted data. More specifically, under instructions given from 20 

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 

data pieces to generate new multiplexed data. The data pieces to be extracted from 25 

demultiplexed data may be determined by the user or determined in advance for the 

respective types of recording mediums. 

[1015] 

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 15matrices 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
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, sl 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 
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 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] 

 In the above description, the recording unit 7908 records multiplexed data 5 

obtained as a result of demodulation and error correction decoding by the 

demodulation unit 7902. Alternatively, however, the recording unit 7908 may record 

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. 10 

Here, the moving picture coding method to be employed may be different from that 

used to encode the original 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 a different standard from that 

used to generate the original video data. Alternatively, the same moving picture 15 

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 

demodulation unit 7902. Here, the audio coding method to be employed may be 20 

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 

multiplexed data obtained as a result of demodulation and error correction decoding 25 

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 

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 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 5
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 sl, and 1,500 to s2. Therefore, 1,500 slots (the term
"slot" is used here) 10 are required to transmit the 1,500 symbols transmitted in s 1 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 15
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 20matrices. [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 25device in Fig. 4. These five different precoding matrices are
represented as F[0], F[1], F[2], F[3], and F[4]. [0979]          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 
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control unit such as the CPU, 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 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 5 

respectively using a motion picture coding method and an audio coding method each 

different from the method that was used in the conversion applied to obtain the 

video and audio data. Under instructions given from the control unit, the stream 

input/output unit 7903 multiplexes the newly converted video data and audio data to 

generate new multiplexed data. Note that the signal processing unit 7904 may 10 

conduct the conversion of either or both of the video or audio data according 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 or determined in 

advance for the types of recording mediums. 

[1018] 15 

 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, 

even if the size recordable on the recording medium is smaller than the data size of 20 

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 

broadcast. 25 

[1019] 

 Furthermore, the reception device 7900 additionally includes a stream 

output interface (IF) 7909 for transmitting multiplexed data demodulated by the 

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 precoding matrix F[2], 150 slots to use the precoding matrix F[3], and 150 slots to use the
precoding matrix F[4]. [0981] 15When 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]. 20[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 Ko is the number of 25slots 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 KN 1 is the number of slots using the precoding matrix F[N - 1]. Condition #53  Ko === K, ==
KN 1, i.e. Ka = Kb (for Va, Vb, where a, b, = 0, 1, 2, ..., N - 1, and a b). [0983] 5If the communications
system supports a plurality of modulation methods, and the modulation method that is used is selected
from among the supported modulation methods, then a modulation method for which Condition #53 is
satisfied should be selected. [0984] 10When 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 15condition should be satisfied. [0985] Condition #54 The difference
between Ka and Kb is 0 or 1, i.e. IKa - Kbl is 0 or 1 (for Va, Vb, where a, b, = 0, 1, 2, ..., N - 1, and a
b). 
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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 

accordance with a wireless communication method compliant with a wireless 5 

communication standard such as Wi-Fi (registered trademark, 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. The stream output IF 7909 may also be 

a wired communication device that transmits multiplexed data via a transmission 

line (equivalent to the transport medium 7930) physically connected to the stream 10 

output IF 7909 to an external device, modulating the multiplexed data using a 

communication method compliant with wired communication standards, such as 

Ethernet, Universal Serial Bus (USB), Power Line Communication (PLC), or 

High-Definition Multimedia Interface (HDMI). 

[1020] 15 

 With the above structure, the user can use, on an external device, 

multiplexed data received by the reception 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 multiplexed data for real-time viewing 

on an external device, recording of the multiplexed data by a recording unit included 20 

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 

7909 outputs multiplexed data obtained as a result of demodulation and error 25 

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 

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 transmission, or multicarrier transmission such as OFDM.)         As shown in Fig. 77, 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. 5[0986]
The transmission device in Fig. 3 or in Fig. 13 transmits two streams simultaneously, and since two
encoders are provided, different encoded blocks are transmitted in the two streams. Accordingly, when
the modulation method is QPSK, two encoded blocks are transmitted in s 1 and s2 within the same
interval. For 10 example, a first encoded block is transmitted in s 1, and a second encoded block is
transmitted in s2, and therefore, 3,000 slots are required to transmit the first and second encoded
blocks. [0987] By similar reasoning, when the modulation method is 16QAM, 1,500 slots 15 are
necessary to transmit all of the bits constituting two encoded blocks, 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 25as 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 245 necessary
for 600 slots to use the precoding matrix F[0], 600 slots to use the precoding matrix F[1], 600 slots to
use the precoding matrix F[2], 600 slots to use the precoding matrix F[3], and 600 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 5 greatly influenced by the precoding matrix that was used a greater number of times. [0990]
To transmit the first encoded block, it is necessary for the slot using the precoding matrix F[0] to occur
600 times, the slot 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 precoding matrix F[4] to occur 600 times. To transmit the second encoded block, the slot
using the precoding matrix F[0] should occur 600 times, the slot using the precoding matrix F[1] should
occur 600 times, the slot using the precoding matrix F[2] should occur 600 times, the slot using the
precoding matrix F[3] should occur 600 times, 15 and the slot using the precoding matrix F[4] should
occur 600 times. [0991] 
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data obtained as a result of demodulation and error correction decoding by the 

demodulation unit 7902 may contain contents of data broadcast service, in addition 

to video data and audio data. In this case, the stream output IF 7909 may output 

multiplexed data newly generated by multiplexing video and audio data extracted 

from the multiplexed data obtained as a result of demodulation and error correction 5 

decoding by the demodulation unit 7902. In another example, the stream output IF 

7909 may output multiplexed data newly 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. 

[1022] 10 

 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 

multiplexing of the extracted data. More specifically, under instructions given from 

a control unit not illustrated in the figures, such as a Central Processing Unit (CPU), 15 

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 data pieces to generate new multiplexed data. The data 

pieces to be extracted from demultiplexed data may be determined by the user or 20 

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 

bandwidth used to output the multiplexed data. 25 

[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 

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
matrix F[1] should occur 300 times, the slot using the precoding matrix F[2] should occur 300 times,
the slot using the precoding matrix F[3] should occur 300 times, and the slot using the precoding
matrix F[4] should occur 300 times. [0993] 5Similarly, when the modulation method is 64QAM, among
the 1,000 slots described above for transmitting the 6,000 x 2 bits constituting two encoded blocks, it is
necessary for 200 slots to use the precoding matrix F[0], 200 slots to use the precoding matrix F[1],
200 slots to use the precoding matrix F[2], 200 slots to use the precoding matrix F[3], and 200 slots to
use the precoding matrix F[4]. 10[0994]       To transmit the first encoded block, it is necessary for the
slot using the precoding matrix F[0] to occur 200 times, the slot using the precoding matrix F[1] to
occur 200 times, the slot using the precoding matrix F[2] to occur 200 times, the slot using the
precoding matrix F[3] to occur 200 times, and the slot using the precoding 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 Ko is the
number of 25slots 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 KN 1 is the
number of slots using the precoding matrix F[N - 1]. Condition #55  Ko === K, == KN 1, i.e. Ka = Kb
(for Va, Vb, where a, b, = 0, 1, 2, ..., N - 1, and a b). When transmitting all of the bits constituting the
first encoded block, Condition #56  5 should be satisfied, wherein K0,1 is the number of times the
precoding matrix F[0] is used, K1,1 is the number of times the precoding matrix F[1] is used, Ko is the
number of times the precoding matrix F[i] is used (i = 0, 1, 2, ..., N - 1), and KN 1,1 is the number of
times the precoding matrix F[N - 1] is used. Condition #56 10K0,1 - K1,1 -- KL] -- KN_ Li, i.e. Kai - Kb,i
(for Va, Vb, where a, b, = 0, 1, 2, N - 1, and a b). 
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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. 

The new video data is encoded with a moving picture coding method different from 5 

that used to encode the original 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 a different standard from that 

used to generate the original video data. Alternatively, the same moving picture 

coding method may be used but with different parameters. Similarly, the stream 10 

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 

method different from that used to encode the original audio data, such that the data 15 

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 

by the demodulation unit 7902 into the video or audio data of a different data size of 20 

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 

of demodulation and error correction decoding by the demodulation unit 7902. 25 

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 

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
F[i] is used (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 a 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]          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 5satisfying 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 Ka and Kb is 0 or 1, i.e. IKa - Kbl is 0 or 1 (for Va, Vb, where 10a, b, = 0, 1, 2, ..., N - 1, and a
= b). Condition #59 The difference between Kai and Kbi is 0 or 1, i.e. IKa - Kb,11 is 0 or 1 (for Va, Vb,
where a, b, = 0, 1, 2, ..., N - 1, and a = b). 15 Condition #60 The difference between Ka,2 and Kb,2 is 0
or 1, i.e. IKa,2 - Kb,21 is 0 or 1 (for Va, Vb, where a, b, = 0, 1, 2, ..., N - 1, and a = b). 20Associating
encoded blocks with precoding matrices in this way eliminates 
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that was used in the conversion applied to obtain the video and audio data. Under 

instructions given from the control unit, the stream input/output unit 7903 

multiplexes the newly converted video data and audio data to generate new 

multiplexed data. Note that the signal processing unit 7904 may perform the 

conversion of either or both of the video or audio data according to instructions 5 

given from the control unit. In addition, the sizes of video data and audio data to be 

obtained by conversion may be specified by the user or determined in advance for 

the types of the stream output IF 7909. 

[1026] 

 With the above structure, the reception device 7900 is enabled to output 10 

video and audio data after converting the data to a bit rate that matches the transfer 

rate between the reception device 7900 and an external device. This arrangement 

ensures that even if multiplexed data obtained as a result of demodulation and error 

correction decoding by the demodulation unit 7902 is higher in bit rate than the data 

transfer rate to an external device, the stream output IF duly outputs new 15 

multiplexed data at an appropriate bit rate to the external device. Consequently, the 

user can use the new multiplexed data on another communication device. 

[1027] 

 Furthermore, the reception device 7900 also includes an audio and visual 

output interface (hereinafter, AV output IF) 7911 that outputs video and audio 20 

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 

compliant with wireless communication standards, such as Wi-Fi (registered 25 

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 

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,  "uniformly" refers to the difference between the maximum number of times one of the
precoding matrices is used and the minimum number of times one of the precoding matrices is used
being at most one, as described above. [1000] 5Furthermore, 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[0], 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] 20In 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], 25F[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
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 matrices do not necessarily need to be used in a regular period (cycle). 5[1002]
Furthermore, 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, a one-stream-only
transmission mode, and modes for methods of regularly switching between precoding matrices may
exist, and the transmission 10 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, the
one-stream-only transmission mode, and the modes for methods of regularly switching between
precoding matrices, it is preferable to implement the 
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device that transmits modulated video and audio signals via a transmission line 

physically connected to the stream output IF 7909 to an external device, using a 

communication method compliant with wired communication standards, such as 

Ethernet, USB, PLC, HDMI, or the like. In yet another example, the stream output 

IF 7909 may be a terminal for connecting a cable to output the video and audio 5 

signals in analog form. 

[1028] 

 With the above structure, the user is allowed to use, on an external device, 

the video and audio signals decoded by the signal processing unit 7904. 

[1029] 10 

 Furthermore, the reception device 7900 additionally includes an operation 

input unit 7910 for receiving a user operation. According to control 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, 

switching the reception channel, switching the display of subtitle text ON or OFF, 15 

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] 

 Additionally, the reception device 7900 may have a function of displaying 20 

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 

ratio (C/N), Bit Error Rate (BER), packet error rate, frame error rate, and channel 25 

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 

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 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, the broadcasting station 7801 transmits multiplexed data, in which
video data, audio data, and the like are multiplexed, using the transmission methods in the above
embodiments over a predetermined broadcasting band. [1004] 5An antenna (for example, antennas
7810 and 7840) internal to each reception device, or provided externally and connected to the
reception device, receives the signal transmitted from the broadcasting station 7801. Each reception
device obtains the multiplexed data by using the reception methods in the above embodiments to
demodulate the signal 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 included in the multiplexed data has been coded with a moving picture coding method
compliant with a standard such as Moving Picture 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 
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unit for measuring the received signal characteristics, such as RSSI, received field 

strength, C/N, BER, packet error rate, frame error rate, and channel state information. 

In response to a user operation, the reception device 7900 displays the antenna level 

(i.e., signal indicating the level and quality of the received signal) on the video 

display unit 7907 in a manner identifiable by the user. The antenna level (i.e., signal 5 

indicating the level and quality of the received signal) may be numerically displayed 

using a number that represents RSSI, received field strength, C/N, BER, packet error 

rate, frame error rate, channel state information or the like. Alternatively, the 

antenna level may be displayed using an image representing RSSI, received field 

strength, C/N, BER, packet error rate, frame error rate, channel state information or 10 

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 s1, s2, … received and separated using the reception 

methods shown in the above embodiments, or one antenna level (signal indicating 

the level and quality of the received signal) calculated from the plurality of streams 15 

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] 

 With the above structure, users are able to grasp the antenna level (signal 20 

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 

output unit 7906, video display unit 7907, recording unit 7908, stream output IF 25 

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 

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 antenna 7960 into a baseband signal, and a demodulation unit 7902, for demodulating multiplexed
data from the baseband signal obtained by frequency conversion. The reception methods described in
the above embodiments 5 are implemented in the demodulation unit 7902, thus obtaining the
advantageous effects of the present invention described in the above embodiments. [1007]       The
reception device 7900 includes a stream input/output unit 7903, a signal processing unit 7904, an
audio output unit 7906, and a video display unit 7907. The 10 stream input/output unit 7903
demultiplexes video and audio data from multiplexed data obtained by the demodulation unit 7902.
The signal processing unit 7904 decodes the demultiplexed video data into a video signal using an
appropriate moving picture decoding method and decodes the demultiplexed audio data into an audio
signal using an appropriate audio decoding method. The audio output unit 15 7906, such as a
speaker, produces audio output according to the decoded audio 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
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. 
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obtained as a result of demodulation and error correction decoding by the 

demodulation unit 7902. The reception device 7900 may therefore include any 

combination of the above-described units depending on its intended use. 

Multiplexed Data 

 The following is a detailed description of an exemplary structure of 5 

multiplexed data. The data structure typically used in broadcasting is an MPEG2 

transport stream (TS), so therefore the following description is given by way of an 

example related to MPEG2-TS. It should be naturally appreciated, however, that the 

data structure of multiplexed data transmitted by the transmission and reception 

methods described in the above embodiments is not limited to MPEG2-TS and the 10 

advantageous effects of the above embodiments are achieved even if any other data 

structure is employed. 

[1033] 

 Fig. 80 is a view illustrating an exemplary multiplexed data structure. As 

illustrated in Fig. 80, multiplexed data is obtained by multiplexing one or more 15 

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 

where a broadcast program carried by multiplexed data is a movie, the video streams 20 

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 

images (for example, images of text explaining the outline of the movie) to be 25 

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. 

[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 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 disk (FD, registered trademark) or hard disk, that is writable by
magnetizing a magnetic substance with magnetic flux. Still further, the term "non-volatile
semiconductor memory" refers to a recording medium, such as flash memory or ferroelectric random
access memory, composed of semiconductor element(s). 5 Specific examples of non-volatile
semiconductor memory include an SD card using flash memory and a flash Solid State Drive (SSD). It
should be naturally appreciated that the specific types of recording media mentioned herein are merely
examples, and any other types of recording mediums may be usable. [1011] 10With the above
structure, the user can record a broadcast program that the reception device 7900 receives with any of
the reception methods described in the above embodiments, and time-shift viewing of the recorded
broadcast program is possible anytime after the broadcast. 
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[1034] 

 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 “0x1011”, each audio stream is 

assigned with a different one of “0x1100” to “0x111F”, each PG stream is assigned 5 

with a different one of “0x1200” to “0x121F”, each IG stream is assigned with a 

different one of “0x1400” to “0x141F”, each video stream carrying sub video 

images of the movie is assigned with a different one of “0x1B00” to “0x1B1F”, each 

audio stream of sub-audio to be mixed with the main audio is assigned with a 

different one of “0x1A00” to “0x1A1F”. 10 

[1035] 

 Fig. 81 is a schematic view illustrating an example of how the respective 

streams are multiplexed into multiplexed data. First, a video stream 8101 composed 

of a plurality of video frames is converted into a PES packet sequence 8102 and then 

into a TS packet sequence 8103, whereas an audio stream 8104 composed of a 15 

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 

sequence 8116. The multiplexed data 8117 is obtained by multiplexing the TS 20 

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 

included in a video stream. The second tier shows a sequence of PES packets. As 25 

indicated by arrows yy1, yy2, yy3, and yy4 shown in Fig. 82, a plurality of video 

presentation units, namely I 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. 

[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 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 generated multiplexed data. The recording unit 7908 may also record
the contents of data broadcast service included, as described above, in the multiplexed data. [1013]
The reception device 7900 described in this embodiment may be included in  5 a television, a recorder
(such as DVD recorder, Blu-ray recorder, HDD recorder, SD card recorder, or the like), or a mobile
telephone. In such a case, the multiplexed data obtained as a result of demodulation and error
correction decoding by the demodulation unit 7902 may contain data for correcting errors (bugs) in
software used to operate the television or recorder or in software used to prevent disclosure of  10
personal or confidential information. If such data is contained, the data is installed on the television or
recorder to correct the software errors. Further, if data for correcting errors (bugs) in software installed
in the reception device 7900 is contained, such data is used to correct errors that the reception device
7900 may have. This arrangement ensures more stable operation of the TV, recorder, or mobile 15
phone in which the 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 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 
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Each PES packet has a PES header and the PES header stores a Presentation 

Time-Stamp (PTS) and Decoding Time-Stamp (DTS) indicating the display time 

and decoding time of a corresponding picture. 

[1037] 

 Fig. 83 illustrates the format of a TS packet to be eventually written as 5 

multiplexed data. The TS packet is a fixed length packet of 188 bytes and has a 

4-byte TS header containing such information as PID identifying the stream and a 

184-byte TS payload carrying actual data. The PES packets described above are 

divided to be stored into the TS payloads of TS packets. In the case of BD-ROM, 

each TS packet is attached with a TP_Extra_Header of 4 bytes to build a 192-byte 10 

source packet, which is to be written as multiplexed data. The TP_Extra_Header 

contains such information as an Arrival_Time_Stamp (ATS). The ATS indicates a 

time for starring transfer of the TS packet to the PID filter of a decoder. As shown 

on the lowest tier in Fig. 83, multiplexed data includes a sequence of source packets 

each bearing a source packet number (SPN), which is a number incrementing 15 

sequentially from the start of the multiplexed data. 

[1038] 

 In addition to the TS packets storing streams such as video, audio, and PG 

streams, multiplexed data also includes TS packets storing a Program Association 

Table (PAT), a Program Map Table (PMT), and a Program Clock Reference (PCR). 20 

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 

identified by the respective PIDs. In addition, the PMT includes various types of 25 

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 

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 obtained as a result of demodulation and error correction decoding by the demodulation unit
7902. Alternatively, however, the recording unit 7908 may record new multiplexed data generated by
multiplexing video data newly yielded by encoding the original video data contained in the multiplexed
data obtained as a 10 result of demodulation and error correction decoding by the demodulation unit
7902. Here, the moving picture coding method to be employed may be different from that used to
encode the original 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 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 control
unit such as the CPU, 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 of demodulation and error
correction decoding by the demodulation unit 7902. Under instructions given from the control unit, the
signal 5 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 that was
used in the conversion applied to obtain the video and audio data. Under instructions given from the
control unit, the stream input/output unit 7903 multiplexes the newly converted video data and audio
data to 10 generate new multiplexed data. Note that the signal processing unit 7904 may conduct the
conversion of either or both of the video or audio data according 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 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 25broadcast. [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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(ATC), which is the time axis of ATS, with the System Time Clock (STC), which is 

the time axis of PTS and DTS. More specifically, the PCR packet includes 

information indicating an STC time corresponding to the ATS at which the PCR 

packet is to be transferred. 

[1039] 5 

 Fig. 84 is a view 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 multiplexed data are disposed. 

One example of a descriptor included in the PMT is copy control information 

described above. Following the descriptors, pieces of stream information relating to 10 

the respective streams included in the multiplexed data are arranged. Each piece of 

stream information is composed of stream descriptors indicating a stream type 

identifying a compression codec employed for a corresponding stream, a PID of the 

stream, and attribute information (frame rate, aspect ratio, and the like) of the stream. 

The PMT includes as many stream descriptors as the number of streams included in 15 

the multiplexed data. 

[1040] 

 When recorded onto a recoding medium, for example, the multiplexed data 

is recorded along with a multiplexed data information file. 

[1041] 20 

 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 

that multiplexed data information files and multiplexed data are in a one-to-one 25 

relationship. 

[1042] 

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, IEEE 802.11b, IEEE 802.11g, and IEEE 802.11n), WiGiG, Wireless HD, Bluetooth, ZigBee,
or the like. The stream output IF 7909 may also be a wired communication device that transmits
multiplexed data via a transmission 10 line (equivalent to the transport medium 7930) physically
connected to the stream output IF 7909 to an external device, modulating the multiplexed data using a
communication method compliant with wired communication standards, such as Ethernet, Universal
Serial Bus (USB), Power Line Communication (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 the reception 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
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  data obtained as a result
of demodulation and error correction decoding by the demodulation unit 7902 may contain contents of
data broadcast service, in addition to video data and audio data. In this case, the stream output IF
7909 may output multiplexed data newly generated by multiplexing video and audio data extracted 5
from the multiplexed data obtained as a result of demodulation and error correction decoding by the
demodulation unit 7902. In another example, the stream output IF 7909 may output multiplexed data
newly 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. 10[1022]       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 multiplexing of the extracted data More
specifically, under instructions given 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, 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 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] 
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 As illustrated in Fig. 85, the multiplexed data information is composed of a 

system rate, playback start time, and playback end time. The system rate indicates 

the maximum transfer rate of the multiplexed data to the PID filter of a system target 

decoder, which is described later. The multiplexed data includes ATSs at intervals 

set so as not to exceed the system rate. The playback start time is set to the time 5 

specified by the PTS of the first video frame in the multiplexed data, whereas the 

playback end time is set to the time calculated by adding the playback period of one 

frame to the PTS of the last video frame in the multiplexed data. 

[1043] 

 Fig. 86 illustrates the structure of stream attribute information contained in 10 

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 

provided for different streams, namely a video stream, an audio stream, a PG stream 15 

and an IG stream. The video stream attribute information indicates the compression 

codec employed to compress the video stream, the resolutions of individual pictures 

constituting the video stream, the aspect ratio, the frame rate, and so on. The audio 

stream attribute information indicates the compression codec employed to compress 

the audio stream, the number of channels included in the audio stream, the language 20 

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 

in the multiplexed data, the stream type included in the PMT is used. In the case 25 

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 

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 with a moving picture coding method different from that used to encode the original
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 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 by 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 that was used in the
conversion applied to obtain the video and audio data. Under instructions given from the control unit,
the stream input/output unit 7903 multiplexes the newly converted video data and audio data to
generate new multiplexed data. Note that the signal processing unit 7904 may perform the 5
conversion of either or both of the video or audio data according to instructions given from the control
unit. In addition, the sizes of video data and audio data to be obtained by conversion may be specified
by the user or determined in advance for the types of the stream output IF 7909. [1026] 10With the
above structure, the reception device 7900 is enabled to output video and audio data after converting
the data to a bit rate that matches the transfer rate between the reception device 7900 and an external
device. This arrangement ensures that even if multiplexed data obtained as a result of demodulation
and error correction decoding by the demodulation unit 7902 is higher in bit rate than the data 15
transfer rate to an external device, the stream output IF duly outputs new multiplexed data at an
appropriate bit rate to the external device. Consequently, the user can use the new multiplexed data
on another communication device. 
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above embodiments may be modified to additionally include a step or unit of setting 

a specific piece of information in the stream type included in the PMT or in the 

video stream attribute information. The specific piece of information is for 

indicating that the video data is generated by the moving picture coding method and 

device described in the embodiment. With the above structure, video data generated 5 

by the moving picture coding method and device described in any of the above 

embodiments is distinguishable from video data compliant with other standards. 

[1045] 

 Fig. 87 illustrates an exemplary structure of a video and audio output device 

8700 that includes a reception device 8704 for receiving a modulated signal carrying 10 

video and audio data or data for data broadcasting from a broadcasting station (base 

station). Note that the structure of the reception device 8704 corresponds to the 

reception 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 

communication unit 8706 (a device for a wireless Local Area Network (LAN) or 15 

Ethernet, for example) for establishing an Internet connection. With this structure, 

hypertext (World Wide Web (WWW)) 8703 provided over the Internet can be 

displayed on a display area 8701 simultaneously with images 8702 reproduced on 

the display area 8701 from the video and audio data or data provided by data 

broadcasting. By operating a remote control (which may be a mobile phone or 20 

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 

over the Internet, the user can change the WWW site currently displayed to another 25 

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 

[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 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 device that transmits modulated video and audio signals via a transmission line
physically connected to the stream output IF 7909 to an external device, using a communication
method compliant with wired communication standards, such as Ethernet, USB, PLC, HDMI, or the
like. In yet another example, the stream output 5 IF 7909 may be a terminal for connecting a cable to
output the video and audio signals in analog form. [1028]       With the above structure, the user is
allowed to use, on an external device, the video and audio signals decoded by the signal processing
unit 7904. 10[1029]       Furthermore, the reception device 7900 additionally includes an operation
input unit 7910 for receiving a user operation. According to control 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] 20Additionally, 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 unit for measuring the received signal characteristics, such
as RSSI, received field strength, C/N, BER, packet error rate, frame error rate, and channel state
information. In response to a user operation, the reception device 7900 displays the antenna level (i.e.,
signal indicating the level and quality of the received signal) on the video  5 display unit 7907 in a
manner identifiable by the user. The antenna level (i.e., signal indicating the level and quality of the
received signal) may be numerically displayed using a number that represents RSSI, received field
strength, C/N, BER, packet error rate, frame error rate, channel state information or the like.
Alternatively, the antenna level may be displayed using an image representing RSSI, received field 
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as a selected broadcast program or audio broadcasting). In response, an interface 

(IF) 8705 acquires information transmitted from the remote control, so that the 

reception device 8704 operates to obtain reception data by demodulation and error 

correction of a signal carried on the selected channel. At this time, the reception 

device 8704 receives control symbols included in a signal corresponding to the 5 

selected channel and containing information indicating the transmission method of 

the signal (exactly as described in Embodiments A1–A4, and 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 

error correction decoding, and the like to duly receive data included in data symbols 10 

transmitted from a broadcasting station (base station). Although the above 

description is directed to an example in which the user selects a channel using the 

remote control 8707, the same description applies to an example in which the user 

selects a channel using a selection key provided on the video and audio output 

device 8700. 15 

[1046] 

 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 

(storing). (The video and audio output device 8700 therefore would have the 20 

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 

channel. At this time, the reception device 8704 receives control symbols included 25 

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 

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, .... 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] 20With 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 obtained as a
result of demodulation and error correction decoding by the demodulation unit 7902. The reception
device 7900 may therefore include any combination of the above-described units depending on its
intended use. Multiplexed Data 5The following is a detailed description of an exemplary structure of
multiplexed data. The data structure typically used in broadcasting is an MPEG2 transport stream
(TS), so therefore the following description is given by way of an example related to MPEG2-TS. It
should be naturally appreciated, however, that the data structure of multiplexed data transmitted by the
transmission and reception 10 methods described in the above embodiments is not limited to
MPEG2-TS and the advantageous effects of the above embodiments are achieved even if any other
data 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
(JO) 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.
[1034] 
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(exactly as described in Embodiments A1–A4, and 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 error 

correction decoding, and the like to duly receive data included in data symbols 

transmitted from a broadcasting station (base station). 5 

[1047] 

Supplementary Explanation 

 In the present description, it is considered that a 

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 10 

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 

transmission device and the reception device in the present description have a 

communications function and are capable of being connected via some sort of 15 

interface (such as a USB) to a device for executing applications for a television, 

radio, personal computer, mobile phone, or the like. 

[1048] 

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

such as pilot symbols (preamble, unique word, postamble, reference symbol, and the 20 

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. 

[1049] 25 

 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 

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 with a different one of "Ox1B00" to "Ox1B1F", each audio stream of sub-audio to be mixed
with the main audio is assigned with a 10 different one of "Ox1A00" to "Ox1A1F". [1035]       Fig. 81 is
a schematic view illustrating an example of how the respective streams are multiplexed into
multiplexed data. First, a video stream 8101 composed of a plurality of video frames is converted into
a PES packet sequence 8102 and then 15 into a 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 yy 1, yy2, yy3, and yy4 shown
in Fig. 82, a plurality of video presentation units, namely I 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.
Each PES packet has a PES header and the PES header stores a Presentation Time-Stamp (PTS)
and Decoding Time-Stamp (DTS) indicating the display time and decoding time of a corresponding
picture. [1037] 5Fig. 83 illustrates the format of a TS packet to be eventually written as multiplexed
data. The TS packet is a fixed length packet of 188 bytes and has a 4-byte TS header containing such
information as PID identifying the stream and a 184-byte TS payload carrying actual data. The PES
packets described above are divided to be stored into the TS payloads of TS packets. In the case of
BD-ROM, 10 each TS packet is attached with a TP Extra Header of 4 bytes to build a 192-byte source
packet, which is to be written as multiplexed data. The TP Extra Header contains such information as
an Arrival Time Stamp (ATS). The ATS indicates a time for starring transfer of the TS packet to the
PID filter of a decoder. As shown on the lowest tier in Fig. 83, multiplexed data includes a sequence of
source packets 15 each bearing a source packet number (SPN), which is a number incrementing
sequentially from the start of the multiplexed data. [1038] In addition to the TS packets storing streams
such as video, audio, and PG streams, multiplexed data also includes TS packets storing a Program
Association 
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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. 

[1050] 5 

 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 

correction coding method, coding ratio of the error correction coding method, 

setting information in the upper layer, and the like). 10 

[1051] 

 Note that the present invention is not limited to the above embodiments and 

may be embodied with a variety of modifications. For example, the above 

embodiments describe communications devices, but the present invention is not 

limited to these devices and may be implemented as software for the corresponding 15 

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 

present invention is not limited in this way. The present invention may be also 20 

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 

signals that are transmitted from N antennas. 25 

[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 

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 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 (ATC), which is the time axis of ATS, with the System Time Clock
(STC), which is the time axis of PTS and DTS. More specifically, the PCR packet includes information
indicating an STC time corresponding to the ATS at which the PCR packet is to be transferred. 5[1039]
Fig. 84 is a view 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 multiplexed data are disposed. One example of a descriptor included in the PMT is copy control
information  10 described above. Following the descriptors, pieces of stream information relating to the
respective streams included in the multiplexed data are arranged. Each piece of stream information is
composed of stream descriptors indicating a stream type identifying a compression codec employed
for a corresponding stream, a PID of the stream, and attribute information (frame rate, aspect ratio,
and the like) of the stream. 15 The PMT includes as many stream descriptors as the number of
streams included in the multiplexed data. [1040]       When recorded onto a recoding medium, for
example, the multiplexed data is recorded along with a multiplexed data information file. 20[1041]
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]
As illustrated in Fig. 85, the multiplexed data information is composed of a system rate, playback start
time, and playback end time. The system rate indicates the maximum transfer rate of the multiplexed
data to the PID filter of a system target decoder, which is described later. The multiplexed data
includes ATSs at intervals  5 set so as not to exceed the system rate. The playback start time is set to
the time specified by the PTS of the first video frame in the multiplexed data, whereas the playback
end time is set to the time calculated by adding the playback period of one frame to the PTS of the last
video frame in the multiplexed data. [1043] 
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“codebook”, for example) since the signal processing itself is what is important in 

the present invention. 

[1054] 

 Furthermore, in the present description, the reception device has been 

described as using ML calculation, APP, Max-log APP, ZF, MMSE, or the like, 5 

which yields soft decision results (log-likelihood, log-likelihood ratio) or hard 

decision results (“0” or “1”) for each bit of data transmitted by the transmission 

device. This process may be referred to as detection, demodulation, estimation, or 

separation. 

[1055] 10 

 Different data may be transmitted in streams s1(t) and s2(t), or the same 

data may be transmitted. 

[1056] 

 Assume that precoded baseband signals z1(i), z2(i) (where i represents the 

order in terms of time or frequency (carrier)) are generated by precoding baseband 15 

signals s1(i) and s2(i) for two streams while regularly hopping between precoding 

matrices. Let the in-phase component I and the quadrature component Q of the 

precoded baseband signal z1(i) be I1(i) and Q1(i) respectively, and let the in-phase 

component I and the quadrature component Q of the precoded baseband signal z2(i) 

be I2(i) and Q2(i) respectively. In this case, the baseband components may be 20 

switched, and modulated signals corresponding to the switched baseband signal r1(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 r1(i) from transmit antenna 1 and a 

modulated signal corresponding to the switched baseband signal r2(i) from transmit 25 

antenna 2 at the same time and over the same frequency. Baseband components may 

be switched as follows. 

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. The video stream attribute information indicates the compression codec employed to
compress the video stream, the resolutions of individual pictures constituting the video stream, the
aspect ratio, the frame rate, and so on. The audio stream attribute information 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  above
embodiments may be modified to additionally include a step or unit of setting a specific piece of
information in the stream type included in the PMT or in the video stream attribute information. The
specific piece of information is for indicating that the video data is generated by the moving picture
coding method and 5 device described in the embodiment. With the above structure, video data
generated by the moving picture coding method and device described in any of the above
embodiments is distinguishable from video data compliant with other standards. [1045] Fig. 87
illustrates an exemplary structure of a video and audio output device 10 8700 that includes a reception
device 8704 for receiving a modulated signal carrying video and audio data or data for data
broadcasting from a broadcasting station (base station). Note that the structure of the reception device
8704 corresponds to the reception 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
communication unit 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
provided over the Internet can be displayed on a display area 8701 simultaneously with images 8702
reproduced on 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 as a selected broadcast program or audio
broadcasting). In response, an interface (IF) 8705 acquires information transmitted from the remote
control, so that the reception device 8704 operates to obtain reception data by demodulation and error
correction of a signal carried on the selected channel. At this time, the reception 5 device 8704
receives control symbols included in a signal corresponding to the selected channel and containing
information indicating the transmission method of the signal (exactly as described in Embodiments
A1-A4, and 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 10 error
correction decoding, and the like to duly receive data included in data symbols transmitted from a
broadcasting station (base station). Although the above description is directed to an example in which
the user selects a channel using the remote control 8707, the same description applies to an example
in which the user selects a channel using a selection key provided on the video and audio output
15device 8700. [1046] 
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· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be I2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 5 

baseband signal r1(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and 10 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q2(i) and Q1(i) 15 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q2(i) and Q1(i) 

respectively. 20 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and I2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 25 

baseband signal r1(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be I2(i) and Q1(i) 

respectively. 

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 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 (exactly as described in
Embodiments A1-A4, and 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 error correction decoding, and the like to duly receive data included in data symbols
5transmitted from a broadcasting station (base station). [1047] Supplementary Explanation
Inthepresentdescription,itisconsideredthata communications/broadcasting device such as a broadcast
station, a base station, an  10 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 transmission device and the reception device in the present
description have a 15 communications function and are capable of being connected via some sort of
interface (such as a USB) to a device for executing applications for a television, radio, 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] 
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· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and I2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 5 

baseband signal r2(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I2(i) and I1(i) respectively, and the in-phase component and 10 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q2(i) and Q1(i) 15 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q2(i) and Q1(i) 

respectively. 20 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be I2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 25 

baseband signal r2(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and I2(i) 

respectively. 

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 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 correction coding method, coding ratio of the error correction coding method,
10setting information in the upper layer, and the like). [1051]       Note that the present invention is not
limited to the above embodiments and may be embodied with a variety of modifications. For example,
the above embodiments 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]       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 273 "codebook", for example)
since the signal processing itself is what is important in the present invention. [1054] Furthermore, in
the present description, the reception device has been 5 described as using ML calculation, APP,
Max-log APP, ZF, MMSE, or the like, which yields soft decision results (log-likelihood, log-likelihood
ratio) or hard decision results ("0" or "1") for each bit of data transmitted by the transmission device.
This process may be referred 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] Assume that precoded baseband signals zl(i), z2(i) (where i represents the 15 order in terms of
time or frequency (carrier)) are generated by precoding baseband signals 51(i) and 52(i) for two
streams while regularly hopping between precoding matrices. Let the in-phase component I and the
quadrature component Q of the precoded baseband signal zl(i) be Ii(i) and WO respectively, and let
the in-phase component I and the quadrature component Q of the precoded baseband signal z2(i) 
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· Let the in-phase component and the 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 signal r1(i) be I2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 5 

baseband signal r2(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and I2(i) 

respectively. 

 In the above description, signals in two streams are precoded, and in-phase 

components and quadrature components of the precoded signals are switched, but 10 

the present invention is not limited in this way. Signals in more than two streams 

may be precoded, and the in-phase components and quadrature components of the 

precoded signals may be switched. 

[1057] 

 Each of the transmit antennas of the transmission device and the receive 15 

antennas of the reception device shown in the figures may be formed by a plurality 

of antennas. 

[1058] 

 In this description, the symbol “∀” represents the universal quantifier, and 

the symbol “∃” represents the existential quantifier. 20 

[1059] 

 Furthermore, in this description, the units of phase, such as argument, in the 

complex plane are radians. 

[1060] 

 When using the complex plane, complex numbers may be shown in polar 25 

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 

20 be I2(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 antenna 2 at the same time and over the same frequency. Baseband components may be
switched as follows.  Let the in-phase component and the quadrature component of the switched
baseband signal rl(i) be Il(i) and Q2(i) respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) be I2(i) and WO respectively. 5  Let the in-phase
component and the quadrature component of the switched baseband signal rl (i) be Il(i) and I2(i)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal r2(i) be Qi(i) and Q2(i) respectively.  Let the in-phase component and the quadrature component
of the switched 10 baseband signal rl (i) be I2(i) and Il(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal r2(i) be Q1(i) and Q2(i) respectively.  Let
the in-phase component and the quadrature component of the switched baseband signal rl (i) be Il(i)
and I2(i) respectively, and the in-phase component and 15 the quadrature component of the switched
baseband signal r2(i) be Q2(i) and WO respectively.  Let the in-phase component and the quadrature
component of the switched baseband signal rl (i) be I2(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.  Let the in-phase component and the quadrature component of the switched baseband
signal rl(i) be Il(i) and Q2(i) respectively, and the in-phase component and the quadrature component
of the switched baseband signal r2(i) be Qi(i) and I2(i) respectively. 25  Let the in-phase component
and the quadrature component of the switched baseband signal rl (i) be Q2(i) and Ii(i) respectively,
and the in-phase component and the quadrature component of the switched baseband signal r2(i) be
I2(i) and WO respectively.  Let the in-phase component and the quadrature component of the switched
baseband signal rl(i) be Q2(i) and I1(i) respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) be Q1(i) and I2(i) respectively. 5  Let the in-phase
component and the quadrature component of the switched baseband signal r2(i) be Il(i) and I2(i)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal rl(i) be Qi(i) and Q2(i) respectively.  Let the in-phase component and the quadrature component
of the switched 10 baseband signal r2(i) be I2(i) and Il(i) respectively, and the in-phase component and
the quadrature component of the switched baseband signal rl(i) be Q1(i) and Q2(i) respectively.  Let
the in-phase component and the quadrature component of the switched baseband signal r2(i) be Il(i)
and I2(i) respectively, and the in-phase component and 15 the quadrature component of the switched
baseband signal rl(i) be Q2(i) and WO respectively.  Let the in-phase component and the quadrature
component of the switched baseband signal r2(i) be I2(i) and Ii(i) respectively, and the in-phase
component and the quadrature component of the switched baseband signal rl(i) be Q2(i) and WO
20respectively.  Let the in-phase component and the quadrature component of the switched baseband
signal r2(i) be Il(i) and Q2(i) respectively, and the in-phase component and the quadrature component
of the switched baseband signal rl(i) be I2(i) and WO respectively. 25  Let the in-phase component and
the quadrature component of the switched baseband signal r2(i) be Ii(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
I2(i) respectively.  Let the in-phase component and the 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 signal rl(i) be I2(i) and WO respectively. 5  Let the in-phase
component and the 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
signal rl(i) be WO and I2(i) respectively. 
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plane, and this point is represented in polar coordinates as [r, θ], then the following 

equations hold. 

a = r × cos θ 

b = r × sin θ 

[1061] 5 

Math 303 

bar 22 +=
 

 

[1062] 

 r is the absolute value of z (r = |z|), and θ is the argument. Furthermore, z = 10 

a + jb is represented as rejθ. 

[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 

complex signals. Complex signals are represented as I + jQ (where j is an imaginary 15 

unit), I being the in-phase signal, and Q being the quadrature signal. In this case, I 

may be zero, or Q may be zero. 

[1064] 

 The method of allocating different precoding matrices to frames (in the time 

domain and/or the frequency domain) described in this description (for example, 20 

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 

different precoding matrices described in this description may be implemented using 25 

different precoding matrices. 

[1065] 

In the above description, signals in two streams are precoded, and in-phase 10 components and
quadrature 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
quadrature 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 may be formed by a plurality of antennas. [1058]            In this description, the symbol "V"
represents the universal quantifier, and 20the symbol "3" represents the existential quantifier. [1059]
Furthermore, in this description, the units of phase, such as argument, in the complex plane are
radians. [1060] 25When 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 unit) corresponds 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=ila2 b2   [1062] 10r is the absolute value of z (r = a + jb is represented as re. 
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 Fig. 59 shows an example of a broadcasting system that uses the method of 

regularly hopping between precoding matrices described in this description. In Fig. 

59, a video encoder 5901 receives video images as input, encodes the video images, 

and outputs encoded video images as data 5902. An audio encoder 5903 receives 

audio as input, encodes the audio, and outputs encoded audio as data 5904. A data 5 

encoder 5905 receives data as input, encodes the data (for example by data 

compression), and outputs encoded data as data 5906. Together, these encoders are 

referred to as information source encoders 5900. 

[1066] 

 A transmission unit 5907 receives, as input, the data 5902 of the encoded 10 

video, the 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 

transmission signals 5908_1 through 5908_N after performing processing such as 

error correction encoding, modulation, and precoding (for example, the signal 

processing of the transmission device in Fig. 3). The transmission signals 5908_1 15 

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 

5911_M received by antennas 5910_1 through 5910_M, performs processing such 20 

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 

decoder 5914 receives, as input, the received data 5913, performs video decoding, 25 

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 

[1063] ), and 0 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 I + jQ (where j is an imaginary unit), I
being the in-phase signal, and Q being the quadrature signal. In this case, I 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]          Fig. 59 shows an example of a broadcasting system that uses the
method of regularly hopping between precoding matrices described in this description. In Fig. 59, a
video encoder 5901 receives video images as input, encodes the video images, and outputs encoded
video images as data 5902. An audio encoder 5903 receives 5 audio as input, encodes the audio, and
outputs encoded audio as data 5904. A data encoder 5905 receives data as input, encodes the data
(for example by data compression), and outputs encoded data as data 5906. Together, these
encoders are referred to as information source encoders 5900. [1066] 10A transmission unit 5907
receives, as input, the data 5902 of the encoded video, the 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 transmission signals 5908_i through 5908_N after performing processing such as error
correction encoding, modulation, and precoding (for example, the signal 15 processing of the
transmission device in Fig. 3). The transmission signals 5908_i through 5908_N are transmitted by
antennas 5909_i through 5909_N as radio waves. [1067] A reception unit 5912 receives, as input,
received signals 5911_i through 20 5911 M received by antennas 5910_i 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 
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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 embodiments describing the present invention, the number of 

encoders in the transmission device when using a multi-carrier transmission method 5 

such as OFDM may be any number, as described above. Therefore, as in Fig. 4, for 

example, it is of course possible for the transmission device to have one encoder and 

to 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 

the OFDM related processors 1301A and 1301B in Fig. 13. The description of the 10 

OFDM related processors is as per Embodiment 1. 

[1069] 

 While this description refers to a “method of hopping between different 

precoding matrices”, the specific “method of hopping between different precoding 

matrices” illustrated in this description is only an example. All of the embodiments 15 

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] 

 Programs for executing the above transmission method may, for example, 20 

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 

may be stored in a computer-readable recording medium, the programs stored in the 25 

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. 

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
embodiments describing the present invention, the number of 5 encoders in the transmission device
when using a multi-carrier transmission method such as OFDM may be any number, as described
above. Therefore, as in Fig. 4, for example, it is of course possible for the transmission device to have
one encoder and to 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 1301A and 1301B in Fig. 13. The description of the OFDM related processors is as
per Embodiment 1. [1069]       While this description refers to a "method of hopping between different
precoding matrices", the specific "method of hopping between different precoding 15matrices"
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] 20Programs 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.  [1072]       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 5 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 processor may be used. A Field Programmable Gate
Array (FPGA), which is 
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[1072] 

 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 5 

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 

processor may be used. A Field Programmable Gate Array (FPGA), which is 

programmable after the LSI is manufactured, or a reconfigurable processor, which 10 

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 

emerges, owing to advances in semiconductor technology or to another derivative 15 

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 

performed by a transmission device that transmits a first and a second transmission 20 

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 

precoding method comprising the step of: generating a precoded enhancement 25 

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 

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 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  regularly, wherein 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. [1075] 5A signal processing device performing a precoding method
according to an embodiment of the present invention is installed in 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 10 base stream and an enhancement modulated signal
formed from an enhancement stream of data differing from the base stream, wherein a precoded
enhancement modulated signal is generated 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  15 switched regularly, and 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. [1076] A transmission method according to an
embodiment of the present 
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regularly, wherein 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. 

[1075] 

 A signal processing device performing a precoding method according to an 5 

embodiment of the present invention is installed in 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 10 

stream of data differing from the base stream, wherein a precoded enhancement 

modulated signal is generated 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 regularly, and the first and the second transmission signal are generated 15 

from a signal in accordance with the base modulated signal and from the precoded 

enhancement modulated signal. 

[1076] 

 A transmission method according to an embodiment of the present 

invention is for a transmission device that transmits a first and a second transmission 20 

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 

transmission method comprising the steps of: generating a precoded enhancement 25 

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 

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
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 regularly; generating the first and the second
transmission signal from a signal in accordance with the base modulated signal and from the precoded
enhancement modulated signal; transmitting the first transmission signal from one or more first
outputs; and transmitting 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
enhancement modulated signal, 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 10 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 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 outputs,
and transmit the second transmission signal from one or more second outputs that differ from the one
or more first outputs, wherein when precoding an encoded block based on the enhancement
modulated signal, letting the number of slots required to transmit the encoded block as the first and the
second transmission 5 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 the weighting unit
allocates each of the plurality of precoding matrices 10 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. [1078] A reception method according to an embodiment of the present invention is for a
reception device to receive a first and a second transmission signal transmitted 15 by a transmission
device from a plurality of different outputs over the same frequency band and at the same time,
wherein a base modulated signal is formed from a base stream and an enhancement modulated signal
is formed from an enhancement stream of data differing from the base stream, a precoded
enhancement modulated signal is generated by selecting a precoding matrix from among a 20 plurality
of precoding matrices and precoding the enhancement modulated signal using the selected precoding
matrix, selection of the precoding matrix being switched regularly, and the first and the second
transmission signal are generated from a signal in accordance with the base modulated signal and
from the precoded 
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regularly; generating the first and the second transmission signal from a signal in 

accordance with the base modulated signal and from the precoded enhancement 

modulated signal; transmitting the first transmission signal from one or more first 

outputs; and transmitting the second transmission signal from one or more second 

outputs that differ from the one or more first outputs, wherein when precoding an 5 

encoded block based on the enhancement modulated signal, 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 10 

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 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. 

[1077] 15 

 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 

base stream and an enhancement modulated signal formed from an enhancement 20 

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, 

selection of the precoding matrix being switched regularly; and a transmission unit 25 

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 

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 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 5 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 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. 10[1079] A reception device according to an embodiment of the present invention is
for receiving a first and a second transmission signal transmitted by a transmission device from a
plurality of different outputs over the same frequency band and at the same time, wherein a base
modulated signal is formed from a base stream and an 15 enhancement modulated signal is formed
from an enhancement stream of data differing from the base stream, a precoded enhancement
modulated signal is generated 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 regularly, and 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 
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outputs, and transmit the second transmission signal from one or more second 

outputs that differ from the one or more first outputs, wherein when precoding an 

encoded block based on the enhancement modulated signal, 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 5 

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 the weighting unit allocates each of the plurality of precoding matrices 

to the M slots used to transmit the encoded block so that for any a, b (where a, b are 10 

from 1 to N and a ≠ b), the difference between C[a] and C[b] is 0 or 1. 

[1078] 

 A reception method according to an embodiment of the present invention is 

for a reception device to receive a first and a second transmission signal transmitted 

by a transmission device from a plurality of different outputs over the same 15 

frequency band and at the same time, wherein a base modulated signal is formed 

from a base stream and an enhancement modulated signal is formed from an 

enhancement stream of data differing from the base stream, a precoded enhancement 

modulated signal is generated by selecting a precoding matrix from among a 

plurality of precoding matrices and precoding the enhancement modulated signal 20 

using the selected precoding matrix, selection of the precoding matrix being 

switched regularly, and 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 method comprising the steps of 

receiving and demodulating the first and the second transmission signal using a 25 

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 

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 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 b), the difference between C[a] and C[b] is 0 or 1. [1080]
Supplementary Explanation 2 10Assume that precoded baseband signals zi(i), z2(i) (where i
represents the order in terms of time or frequency (carrier)) are generated by precoding baseband
signals 51(i) and 52(i) (which are baseband signals mapped with a certain modulation method) for two
streams while regularly switching between precoding matrices. Let the in-phase component I and the
quadrature component of the 15  precoded baseband signal z1(i) be Ii(i) and Qi(i) respectively, and let
the in-phase component I and the quadrature component of the precoded baseband signal z2(i) be
I2(i) and Q2(i) respectively. In this case, the baseband components may be switched, and modulated
signals corresponding to the switched baseband signal ri(i) and the switched baseband signal r2(i)
may be transmitted from different antennas at the 20 same time and over the same frequency by
transmitting a modulated signal corresponding to the switched baseband signal ri(i) from transmit
antenna 1 and a modulated signal corresponding to the switched baseband signal r2(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 ri(i) be Ii(i) and Q2(i) respectively, and the in-phase component and the quadrature component
of the switched baseband signal r2(i) be I2(i) and Q1(i) respectively.  Let the in-phase component and
the quadrature component of the switched baseband signal r1(i) be I1(i) and I2(i) respectively, and the
in-phase component and the quadrature component of the switched baseband signal r2(i) be Q1(i) and
Q2(i) respectively. 5  Let the in-phase component and the quadrature component of the switched
baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) be Qi(i) and Q2(i) respectively.  Let the in-phase
component and the quadrature component of the switched 10 baseband signal r1(i) be I1(i) and I2(i)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal r2(i) be Q2(i) and WO respectively.  Let the in-phase component and the quadrature component
of the switched baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and
15 the quadrature component of the switched baseband signal r2(i) be Q2(i) and WO respectively.  Let
the in-phase component and the quadrature component of the switched baseband signal ri(i) be Ii(i)
and Q2(i) respectively, and the in-phase component and the quadrature component of the switched
baseband signal r2(i) be Q1(i) and I2(i) 20respectively.  Let the in-phase component and the
quadrature component of the switched baseband signal r1(i) be Q2(i) and I1(i) respectively, and the
in-phase component and the quadrature component of the switched baseband signal r2(i) be I2(i) and
WO respectively. 25  Let the in-phase component and the quadrature component of the switched
baseband signal ri(i) be Q2(i) and Ii(i) respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) be Q1(i) and I2(i) respectively.  Let the in-phase
component and the quadrature component of the switched baseband signal r2(i) be I1(i) and I2(i)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal r1(i) be Q1(i) and Q2(i) respectively. 5  Let the in-phase component and the quadrature
component of the switched baseband signal r2(i) be I2(i) and I1(i) respectively, and the in-phase
component and the quadrature component of the switched baseband signal ri(i) be Qi(i) and Q2(i)
respectively.  Let the in-phase component and the quadrature component of the switched 
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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 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 5 

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 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. 

[1079] 10 

 A reception device according to an embodiment of the present invention is 

for receiving a first and a second transmission signal transmitted by a transmission 

device from a plurality of different outputs over the same frequency band and at the 

same time, wherein a base modulated signal is formed from a base stream and an 

enhancement modulated signal is formed from an enhancement stream of data 15 

differing from the base stream, a precoded enhancement modulated signal is 

generated 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 regularly, and 

the first and the second transmission signal are generated from a signal in 20 

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 

modulated signal and performing error correction decoding to obtain data. In the 25 

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 

10 baseband signal r2(i) be I1(i) and I2(i) respectively, and the in-phase component and the
quadrature 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 I2(i) and
I1(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
component of the switched baseband signal r2(i) be Ii(i) and Q2(i) respectively, and the in-phase
component and the quadrature component of the switched baseband signal r1(i) be I2(i) and WO
20respectively.  Let the in-phase component and the quadrature component of the switched baseband
signal r2(i) be Il(i) and Q2(i) respectively, and the in-phase component and the quadrature component
of the switched baseband signal ri(i) be Qi(i) and I2(i) respectively. 25  Let the in-phase component
and the quadrature component of the switched baseband signal r2(i) be Q2(i) and Ii(i) respectively,
and the in-phase component and the quadrature component of the switched baseband signal r1(i) be
I2(i) and WO respectively.   Let the in-phase component and the 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 signal r1(i) be Q1(i) and I2(i) respectively. 5In the
above description, signals in two streams are precoded, and in-phase components and quadrature
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 quadrature
components of the precoded signals may be switched. 10[1081]       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 r1(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase component and the
quadrature component of the switched baseband signal r2(i) be I2(i + w) and Qi(i + v) respectively.  Let
the in-phase component and the quadrature component of the switched  20 baseband signal ri(i) be II(i
+ v) and I2(i + w) respectively, and the in-phase component and the quadrature component of the
switched baseband signal r2(i) be Qi(i + v) and Q2(i + w) respectively.  Let the in-phase component
and the quadrature component of the switched baseband signal r1(i) be I2(i + w) and Il(i + v)
respectively, and the in-phase 25 component and the quadrature component of the switched
baseband signal r2(i) be Qi(i + v) and Q2(i + w) respectively.  Let the in-phase component and the
quadrature component of the switched baseband signal r1(i) be I1(i + v) and I2(i + w) respectively, and
the in-phase component and the quadrature component of the switched baseband signal r2(i) be Q2(i
+ w) and Qi(i + v) respectively.  Let the in-phase component and the quadrature component of the
switched baseband signal ri(i) be I2(i + w) and Ii(i + v) respectively, and the in-phase 5 component and
the quadrature component of the switched baseband signal r2(i) be Q2(i + w) and Qi(i + v)
respectively.  Let the in-phase component and the quadrature component of the switched baseband
signal r1(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) be 10Qi(i + v) and I2(i + w) respectively. 
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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 

precoding matrices is allocated to the M slots used to transmit the encoded block so 5 

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. 

[1080] 

Supplementary Explanation 2 

 Assume that precoded baseband signals z1(i), z2(i) (where i represents the 10 

order in terms of time or frequency (carrier)) are generated by precoding baseband 

signals s1(i) and s2(i) (which are baseband signals mapped with a certain 

modulation method) for two streams while regularly switching between precoding 

matrices. Let the in-phase component I and the quadrature component of the 

precoded baseband signal z1(i) be I1(i) and Q1(i) respectively, and let the in-phase 15 

component I and the quadrature component of the precoded baseband signal z2(i) be 

I2(i) and Q2(i) respectively. In this case, the baseband components may be switched, 

and modulated signals corresponding to the switched baseband signal r1(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 20 

corresponding to the switched baseband signal r1(i) from transmit antenna 1 and a 

modulated signal corresponding to the switched baseband signal r2(i) from transmit 

antenna 2 at the same time and over the same frequency. Baseband components may 

be switched as follows. 

· Let the in-phase component and the quadrature component of the switched 25 

baseband signal r1(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be I2(i) and Q1(i) 

respectively. 

Let the in-phase component and the quadrature component of the switched baseband signal ri(i) be
Q2(i + w) and Ii(i + v) respectively, and the in-phase component and the quadrature component of the
switched baseband signal r2(i) be I2(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 I1(i + v)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal r2(i) be Qi(i + v) and I2(i + w) respectively.  Let the in-phase component and the quadrature
component of the switched 20 baseband signal r2(i) be II(i + v) and I2(i + w) respectively, and the
in-phase component and the quadrature component of the switched baseband signal r1(i) be Qi(i + v)
and Q2(i + w) respectively.  Let the in-phase component and the quadrature component of the
switched baseband signal r2(i) be I2(i + w) and Il(i + v) respectively, and the in-phase 25 component
and the quadrature component of the switched baseband signal r1(i) be Qi(i + v) and Q2(i + w)
respectively.  Let the in-phase component and the quadrature component of the switched baseband
signal r2(i) be I1(i + v) and I2(i + w) respectively, and the in-phase component and the quadrature
component of the switched baseband signal ri(i) be Q2(i + w) and Qi(i + v) respectively.  Let the
in-phase component and the quadrature component of the switched baseband signal r2(i) be I2(i + w)
and Ii(i + v) respectively, and the in-phase 5 component and the quadrature component of the
switched baseband signal r1(i) be Q2(i + w) and Qi(i + v) respectively.  Let the in-phase component
and the quadrature component of the switched baseband signal r2(i) be I1(i + v) and Q2(i + w)
respectively, and the in-phase component and the quadrature component of the switched baseband
signal ri(i) be 10I2(i + w) and Qi(i + v) respectively.  Let the in-phase component and the quadrature
component of the switched baseband signal r2(i) be Ii(i + v) and Q2(i + w) respectively, and the
in-phase component and the quadrature component of the switched baseband signal r1(i) be Qi(i + v)
and I2(i + w) respectively. 15  Let the in-phase component and the quadrature component of the
switched baseband signal r2(i) be Q2(i + w) and I1(i + v) respectively, and the in-phase component
and the quadrature component of the switched baseband signal r1(i) be I2(i + w) and Qi(i + v)
respectively.  Let the in-phase component and the quadrature component of the switched 20
baseband signal r2(i) be Q2(i + w) and Ii(i + v) respectively, and the in-phase component and the
quadrature component of the switched baseband signal r1(i) be Qi(i + v) and I2(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 z1(i) 8801_i and z2(i) 25 8801 2, the in-phase component I and the
quadrature component of the precoded baseband signal z1(i) 8801_i are Ii(i) and Qi(i), respectively,
and the quadrature component of the precoded baseband signal z2(i) 8801 2 are I2(i) and Q2(i),
respectively. Letting the in-phase component and the quadrature component of the switched baseband
signal ri(i) 8803_i be Iri(i) and Qr1(i), respectively, and the in-phase component and the quadrature
component of the switched baseband signal r2(i) 8803_2 be 1r2(i) and Qr2(i), respectively, then the
in-phase component 1r1(i) and the quadrature component Qr1(i) of the switched baseband signal ri(i)
8803_i and 5 the in-phase component 1r2(i) and the quadrature component Qr2(i) of the switched
baseband signal r2(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)) 
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· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 5 

baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and I2(i) respectively, and the in-phase component and 10 

the quadrature component of the switched baseband signal r2(i) be Q2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q2(i) and Q1(i) 15 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and I2(i) 

respectively. 20 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be I2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 25 

baseband signal r1(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r2(i) be Q1(i) and I2(i) 

respectively. 

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 and at the same frequency. [1083] 20The 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 25 true for other embodiments as well. The
following is a supplementary 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 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 5condition *2). [1085] Math 304 Condition *1 F[x] # F[y]for Vx, Vy (x, y = 0, 1, 2, ..., N - 3, N - 2, N -
1; x # y) 10 [1086]        It follows from Condition *1 that "(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, F[x] # F[y]". [1087] 15 Math 305 Condition *2 
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· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and I2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 5 

baseband signal r2(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and Q2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and I2(i) respectively, and the in-phase component and 10 

the quadrature component of the switched baseband signal r1(i) be Q2(i) and Q1(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q2(i) and Q1(i) 15 

respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be I2(i) and Q1(i) 

respectively. 20 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i) and Q2(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be Q1(i) and I2(i) 

respectively. 

· Let the in-phase component and the quadrature component of the switched 25 

baseband signal r2(i) be Q2(i) and I1(i) respectively, and the in-phase component and 

the quadrature component of the switched baseband signal r1(i) be I2(i) and Q1(i) 

respectively. 

F[x] = k x F[y]         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 20exists. [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] 25 Math 306  [1090] Math 307 fe 5= k_g h 5[1091]       Let a =
AC1611, b = Bej612, C = Cej621, and d = DC1622, and e = Lend% f = Fe12, g = Ge'721, and h =
Hen'22. A, B, C, D, E, F, G, and H are real numbers 0 or greater, and 811, 812, 821, 821, yll, 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, 10 and (4) d # h. [1092]       A precoding matrix may be the matrix R wherein
one of a, b, c, 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, c, and d are not zero; (3) c is zero, and a, b, 15and 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 20 antennas. The
present invention may, however, of course also be adopted in a communications system using a
Multiple Input Single Output (MISO) method. In 
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· Let the in-phase component and the 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 signal r1(i) be Q1(i) and I2(i) 

respectively. 

 In the above description, signals in two streams are precoded, and in-phase 5 

components and quadrature 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 quadrature components of the 

precoded signals may be switched. 

[1081] 10 

 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. 

· Let the in-phase component and the quadrature component of the switched 15 

baseband signal r1(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 

I2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i + v) and I2(i + w) respectively, and the in-phase 20 

component and the quadrature component of the switched baseband signal r2(i) be 

Q1(i + v) and Q2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 25 

Q1(i + v) and Q2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i + v) and I2(i + w) respectively, and the in-phase 

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 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 5 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] 10[1094]       The present invention is widely applicable to wireless systems that transmit
different modulated signals from a plurality of antennas, such as an OFDM-M1MO system.
Furthermore, in a wired communication system with a plurality of transmission locations (such as a
Power Line Communication (PLC) system, optical 15 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. 20[Reference Signs List] 302A, 302B encoder 304A, 304B interleaver 306A, 306B mapper
314 weighting information generating unit 25 308A, 308B weighting unit 310A, 310B wireless unit
312A, 312B antenna 402 encoder  404 distribution unit 
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component and the quadrature component of the switched baseband signal r2(i) be 

Q2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 5 

Q2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 

Q1(i + v) and I2(i + w) respectively. 10 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r1(i) be Q2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 

I2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 15 

baseband signal r1(i) be Q2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r2(i) be 

Q1(i + v) and I2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i + v) and I2(i + w) respectively, and the in-phase 20 

component and the quadrature component of the switched baseband signal r1(i) be 

Q1(i + v) and Q2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r1(i) be 25 

Q1(i + v) and Q2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i + v) and I2(i + w) respectively, and the in-phase 

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, 811B soft-in/soft-out decoder 813A, 813B interleaver 815 storage unit 20819 weighting
coefficient generating unit 901 soft-in/soft-out decoder 903 distribution unit   1301A, 1301B OFDM
related processor 1402A, 1402A serial/parallel converter 25 1404A, 1404B reordering unit 1406A,
1406B inverse Fast Fourier transformer 1408A, 1408B wireless unit 2200 precoding weight generating
unit  2300 reordering unit 4002 encoder group  CLAIMS 
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component and the quadrature component of the switched baseband signal r1(i) be 

Q2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r1(i) be 5 

Q2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r1(i) be 

I2(i + w) and Q1(i + v) respectively. 10 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be I1(i + v) and Q2(i + w) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r1(i) be 

Q1(i + v) and I2(i + w) respectively. 

· Let the in-phase component and the quadrature component of the switched 15 

baseband signal r2(i) be Q2(i + w) and I1(i + v) respectively, and the in-phase 

component and the quadrature component of the switched baseband signal r1(i) be 

I2(i + w) and Q1(i + v) respectively. 

· Let the in-phase component and the quadrature component of the switched 

baseband signal r2(i) be Q2(i + w) and I1(i + v) respectively, and the in-phase 20 

component and the quadrature component of the switched baseband signal r1(i) be 

Q1(i + v) and I2(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 z1(i) 8801_1 and z2(i) 

8801_2, the in-phase component I and the quadrature component of the precoded 25 

baseband signal z1(i) 8801_1 are I1(i) and Q1(i), respectively, and the quadrature 

component of the precoded baseband signal z2(i) 8801_2 are I2(i) and Q2(i), 

respectively. Letting the in-phase component and the quadrature component of the 

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: 5selecting 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 signal z2 by 10 precoding, in accordance with the selected matrix FM, 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 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 15 baseband signal s 1 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 zl and the second precoded signal z2 being generated to have
M slots each by precoding a combination of the first baseband signal sl and the second baseband
signal s2, M being an integer at least two, 20the first precoded signal z 1 and the second precoded
signal z2 satisfying the equation (zl, z2)T = Fli1(sl, 52)T.    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 25 the same time, comprising:        a weighting information generation unit
configured to select 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;       a weighting unit configured to generate a first
precoded signal zl and a second precoded signal z2 by precoding, in accordance with the selected
matrix FM, 5a first baseband signal sl 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  10 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 z 1 and the second precoded signal z2 satisfying the equation (zl, z2)T =
Fli1(sl, 52)T, and 15the 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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switched baseband signal r1(i) 8803_1 be Ir1(i) and Qr1(i), respectively, and the 

in-phase component and the quadrature component of the switched baseband signal 

r2(i) 8803_2 be Ir2(i) and Qr2(i), respectively, then the in-phase component Ir1(i) and 

the quadrature component Qr1(i) of the switched baseband signal r1(i) 8803_1 and 

the in-phase component Ir2(i) and the quadrature component Qr2(i) of the switched 5 

baseband signal r2(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. 10 

[1082] 

 Furthermore, a modulated signal corresponding to the switched baseband 

signal r1(i) 8803_1 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 

example by transmitting a modulated signal corresponding to the switched baseband 15 

signal r1(i) 8803_1 from antenna 1 and a modulated signal corresponding to the 

switched baseband signal r2(i) 8803_2 from antenna 2 at the same time and at the 

same frequency. 

[1083] 

 The symbol arrangement method described in Embodiments A1 through A4 20 

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 25 

regarding a plurality of different precoding matrices. 

[1084] 
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 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 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). 5 

[1085] 

Math 304 

Condition *1 

 F[x] ≠ F[y]   for ∀x, ∀y (x, y = 0, 1, 2, …, N - 3, N - 2, N - 1; x ≠ y) 

 10 

[1086] 

 It follows from Condition *1 that “(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, F[x] ≠ F[y]”. 

[1087] 

Math 305 15 

Condition *2 

 F[x] = k × F[y] 

 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. 20 

[1088] 

 The following is a supplementary explanation using a 2 × 2 matrix as an 

example. Let 2 × 2 matrices R, S be represented as follows. 

[1089] 

Math 306 25 









=

dc
ba

R  
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[1090] 

Math 307 









=

hg
fe

S  

 

[1091] 5 

 Let a = Aejδ11, b = Bejδ12, c = Cejδ21, and d = Dejδ22, and e = Eejγ11, f = Fejγ12, 

g = Gejγ21, and h = Hejγ22. A, B, C, D, E, F, G, and H are real numbers 0 or greater, 

and δ11, δ12, δ21, δ21, γ11, γ12, γ21, and γ21 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. 10 

[1092] 

 A precoding matrix may be the matrix R wherein one of a, b, c, 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, c, 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. 15 

[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 20 

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 25 

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 5 

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] 10 

 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 15 

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] 20 

302A, 302B encoder 

304A, 304B interleaver 

306A, 306B mapper 

314 weighting information generating unit 

308A, 308B weighting unit 25 

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 5 

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 10 

709 control information decoding unit 

711 signal processing unit 

803 INNER MIMO detector 

805A, 805B log-likelihood calculating unit 

807A, 807B deinterleaver 15 

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 20 

901 soft-in/soft-out decoder 

903 distribution unit 

1301A, 1301B OFDM related processor 

1402A, 1402A serial/parallel converter 

1404A, 1404B reordering unit 25 

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 
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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 5 

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 s1 10 

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 15 

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 20 

equation (z1, z2)T = F[i](s1, s2)T. 

 

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: 25 

 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 5 

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 10 

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)T = F[i](s1, s2)T, and 

 the weighting unit generating precoded signals with M slots by precoding a 15 

combination of the baseband signal generated from the first encoded block and the 

baseband signal generated from the second encoded block. 

 




