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(57) D-dimensional vectors that each have D real-
valued symbols as elements are converted into D-dimen-
sional rotated vectors that each have D real symbols as
elements. The conversion is performed by multiplying
each of the D-dimensional vectors by a D3D orthogonal
matrix. A complex symbol sequence including NC = NS/
2 complex symbols is generated from NS real symbols.
The complex symbol sequence is generated such that

the distance between any two of the D real symbols of
each of the D-dimensional rotated vectors is NC/D com-
plex symbols or NC/D-1 complex symbols, or such that
the distance between any two of the D real symbols of
each of the D-dimensional rotated vectors, except for part
of the D-dimensional rotated vectors, is NC/D complex
symbols or NC/D-1 complex symbols.
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Description

[Technical Field]

[0001] The present invention relates to the field of dig-
ital communications, and more specifically to the tech-
nology for transmission and reception employing multi-
dimensional rotated constellations.

[Background Art]

[0002] In recent years, there have been transmitters
that use multi-dimensional rotated constellations (e.g.,
rotated quadrature amplitude modulation (QAM) constel-
lations) (see Patent Literature 1 and Non-Patent Litera-
ture 1, for example).
[0003] Such a transmitter has a function of multiplying
each of vectors by an orthogonal matrix (rotating each
of vectors), each of the vectors having, as elements
thereof, a predetermined number of real-valued pulse
amplitude modulation (PAM) symbols output from a sym-
bol mapper. In such a transmitter, the predetermined
number of elements of each vector resulting from the
rotation process (i.e., each rotated vector) are spread
along the time axis.

[Citation List]

[Patent Literature]

[0004] [Patent Literature 1]
European Patent Application Publication No. 2288048

[Non-Patent Literature]

[0005] [Non-Patent Literature 1]
ETSI EN 302 755 V1.1.1 (DVB-T2 Standard)

[Summary of Invention]

[Technical Problem]

[0006] Time diversity relies on the spreading of the pre-
determined number of elements of each rotated vector
along the time axis.
[0007] Accordingly, an object of the present invention
is to provide a transmission method that achieves excel-
lent time diversity by appropriately spreading the prede-
termined number of elements of each rotated vector
along the time axis.

[Solution to Problem]

[0008] To achieve the above-described object, the
present invention provides a transmission method for
transmitting digital data, comprising: encoding a block of
data of a predetermined length with an error correction
code; generating a real-valued symbol sequence includ-

ing NS real-valued symbols by mapping the encoded
block of data onto real-valued symbols a predetermined
number of bits at a time; converting D-dimensional vec-
tors into D-dimensional rotated vectors by multiplying
each of the D-dimensional vectors by a DxD orthogonal
matrix, each of the D-dimensional vectors having D of
the real-valued symbols in the real-valued symbol se-
quence as elements, each of the D-dimensional rotated
vectors having D real symbols as elements; and gener-
ating a complex symbol sequence from NS real symbols
resulting from the conversion, the complex symbol se-
quence including NC = NS/2 complex symbols, wherein
the complex symbol sequence is generated such that a
distance between any two of the D real symbols of each
of the D-dimensional rotated vectors is NC/D complex
symbols or NC/D-1 complex symbols, or such that the
distance between any two of the D real symbols of each
of the D-dimensional rotated vectors, except for part of
the D-dimensional rotated vectors, is NC/D complex sym-
bols or NC/D-1 complex symbols.

[Advantageous Effects of Invention]

[0009] The transmission method described above
achieves excellent time diversity.

[Brief Description of Drawings]

[0010]

Fig. 1 is a block diagram showing the structure of a
transmitter 100 that employs generalized rotated
constellations.
Fig. 2A shows an example of combining frame inter-
leaving and frame mapping.
Fig. 2B shows another example of combining frame
interleaving and frame mapping.
Fig. 2C shows another example of combining frame
interleaving and frame mapping.
Fig. 2D shows another example of combining frame
interleaving and frame mapping.
Fig. 2E shows another example of combining frame
interleaving and frame mapping.
Fig. 3A schematically shows an example of spread-
ing a FEC block over one frame according to an em-
bodiment of the present invention.
Fig. 3B schematically shows an example of spread-
ing a FEC block over two frames according to an
embodiment of the present invention.
Fig. 3C schematically shows an example of spread-
ing a FEC block over three frames according to an
embodiment of the present invention.
Fig. 3D schematically shows an example of spread-
ing a FEC block over four frames according to an
embodiment of the present invention.
Fig. 4 is a block diagram showing the structure of a
transmitter 100A that employs rotated constellations
according to Embodiment 1 of the present invention.
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Fig. 5 shows an example of cell mapping performed
by a cell mapper 140A shown in Fig. 4 for two-di-
mensional rotated constellation blocks.
Fig. 6 shows an example of cell mapping performed
by the cell mapper 140A shown in Fig. 4 for four-
dimensional rotated constellation blocks.
Fig. 7 shows another example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for
two-dimensional rotated constellation blocks.
Fig. 8 shows another example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for
four-dimensional rotated constellation blocks.
Fig. 9 shows an example of cell interleaving per-
formed by a cell interleaver 150A shown in Fig. 4 for
two-dimensional rotated constellation blocks.
Fig. 10 shows an example of cell interleaving per-
formed by the cell interleaver 150A shown in Fig. 4
for four-dimensional rotated constellation blocks.
Fig. 11 shows an example of a result of cell mapping
and cell interleaving for two-dimensional rotated
constellation blocks.
Fig. 12 shows an example of a result of cell mapping
and cell interleaving for four-dimensional rotated
constellation blocks.
Fig. 13 shows an example of slicing a FEC block for
two-dimensional rotated constellation blocks.
Fig. 14 shows an example of slicing a FEC block for
four-dimensional rotated constellation blocks.
Fig. 15 is a block diagram showing the structure of
a frame interleaver 160A shown in Fig. 4.
Fig. 16 schematically shows an example of spread-
ing a FEC block over a plurality of frames, which is
performed by a frame interleaver 160A shown in Fig.
15.
Fig. 17 shows an example of splitting a FEC block
into interleaving units and further splitting the inter-
leaving units into slices.
Fig. 18 is a block diagram showing the structure of
a receiver 300 that employs rotated constellations
according to Embodiment 1 of the present invention.
Fig. 19 is a block diagram showing the structure of
a transmitter 500 that employs rotated quadrature
amplitude modulation (QAM) constellations accord-
ing to the DVB-T2 standard.
Fig. 20 shows an example of processing performed
by a Q-delay insertion unit 551 shown in Fig. 19 for
two-dimensional rotated constellation blocks.
Fig. 21 shows an example of processing performed
by the Q-delay insertion unit 551 shown in Fig. 19
for four-dimensional rotated constellation blocks.
Fig. 22 is a block diagram showing the structure of
a bit interleaver 520 shown in Fig. 19.
Fig. 23 shows the outline of an operation by a col-
umn-row interleaver 524 shown in Fig. 22.
Fig. 24A shows bit mapping for a QPSK constella-
tion.
Fig. 24B shows bit mapping for a 16-QAM constel-
lation.

Fig. 24C shows bit mapping for a 64-QAM constel-
lation.
Fig. 25 is a block diagram showing the structure of
a transmitter 500A that employs rotated constella-
tions according to Embodiment 2 of the present in-
vention.
Fig. 26 is a block diagram showing the structure of
a transmitter 500B that employs rotated constella-
tions according to Embodiment 2 of the present in-
vention.
Fig. 27 is a block diagram showing the structure of
a receiver 700 that employs rotated constellations
according to Embodiment 2 of the present invention.

[Description of Embodiments]

<<Examination and Discovery by the Inventor>>

[0011] First, description is provided on a transmission
technology that employs generalized multi-dimensional
rotated constellations (e.g., rotated quadrature amplitude
modulation (QAM) constellations), with reference to the
drawings.
[0012] Fig. 1 is a block diagram showing the structure
of a transmitter that employs generalized multi-dimen-
sional rotated constellations.
[0013] A transmitter 100 includes a forward-error-cor-
rection (FEC) encoder 110, a demultiplexer 115, a PAM
mapper 120, a demultiplexer 125, a constellation rotation
unit 130, a cell mapper 140, a cell interleaver 150, a frame
interleaver 160, a frame mapper 170, a modulator 180,
and a transmit antenna 190.
[0014] The transmitter 100 receives, as input, binary
blocks of a predetermined length, which contain the in-
formation to be transmitted.
[0015] The FEC encoder 110 encodes each informa-
tion block using a forward-error-correction (FEC) code.
This yields a FEC codeword. The encoding processing
includes calculation of redundancy bits and addition of
the redundancy bits to the information block in order to
make decoding of the information block by the receiver
more robust against errors. Two notable examples of
FEC code families are a low-density parity-check (LDPC)
code and a turbo code. The present invention, however,
does not particularly limit the type of FEC code used by
the FEC encoder 110. The most important parameter in
a FEC code is a code rate. The code rate is a ratio be-
tween the number of information bits and the number of
codeword bits (code rate = number of information
bits/number of codeword bits). Note that the present in-
vention does not particularly limit the code rate.
[0016] The FEC codeword yielded by the encoding
processing is provided to the demultiplexer 115. Herein-
after, a FEC codeword is referred to as a FEC block. The
demultiplexer 115 demultiplexes the bits of the FEC block
into groups of B bits, and provides the groups of B bits
to the PAM mapper 120. The PAM mapper 120 maps
the groups of B bits onto real-valued pulse amplitude
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modulation (PAM) symbols. Each PAM symbol takes a
value from a discrete set of 2B values. How the B bits are
mapped onto PAM symbols is well understood and not
directly relevant to the present invention. The relevant
aspect is that each FEC block is transformed into a block
of PAM symbols. In the following, the number of PAM
symbols per FEC block will be denoted by NS.
[0017] Prior to being mapped to PAM symbols, the
FEC block may undergo additional processing steps,
such as bit permutation or puncturing. These aspects are
well known in the art.
[0018] The NS real-valued PAM symbols produced by
the PAM mapper 120 are then provided to the demulti-
plexer 125. The demultiplexer 125 demultiplexes the NS
real-valued PAM symbols into D-dimensional vectors
that each have D real-valued PAM symbols as elements.
These vectors can be regarded as identifying unique
points in a D-dimensional space. The resulting (2B)D

combinations form a D-dimensional constellation.
[0019] Each D-dimensional vector is provided from the
demultiplexer 125 to the constellation rotation unit 130.
The constellation rotation unit 130 multiplies each D-di-
mensional vector by a D-by-D orthogonal matrix (here-
inafter "D3D orthogonal matrix"). Here, letting the D-di-
mensional vector provided to the constellation rotation
unit 130 be V, the orthogonal matrix used for matrix mul-
tiplication be R, and the D-dimensional rotated vector
resulting from matrix multiplication be V’, then V’ = RV.
The multiplication of the orthogonal matrix can be regard-
ed as a generalized vector rotation in the D-dimensional
space, hence the term "rotated constellations". As the
present invention does not limit the orthogonal matrix (al-
so referred to as "rotation matrix") used by the constel-
lation rotation unit 130 to an orthogonal matrix with a
particular structure, any orthogonal matrix may be used.
Use of rotated constellations is a well-known technique
in this technical field, and therefore a detailed explanation
thereof is omitted. Precise details can be found in Patent
Literature 1 (EP 2288048), which is incorporated here-
with in its entirety.
[0020] Preferably, D is a power of 2, such as 2, 4, or
8. Typically NS is a multiple of D. If this is not the case,
the last 1 to D-1 PAM symbols in the FEC block can be
left unchanged, i.e. non-rotated. This affects none of the
aspects of the present invention.
[0021] It is also preferred that NS is a multiple of 2.
[0022] In the following, the D-dimensional rotated vec-
tors obtained by rotating vectors that each have D real-
valued PAM symbols as elements are referred to as D-
dimensional rotated constellation blocks or simply D-di-
mensional constellation blocks. The real symbols consti-
tuting a D-dimensional constellation block are referred
to as components or dimensions.
[0023] Note that two-dimensional rotated constellation
blocks are referred to as 2D rotated constellation blocks
or as 2D-RC. Similarly, four-dimensional rotated constel-
lation blocks are referred to as 4D rotated constellation
blocks or as 4D-RC.

[0024] After the multiplication of the orthogonal matrix
(after the rotation process), the NS real symbols (com-
ponents) of each FEC block are provided from the con-
stellation rotation unit 130 to the cell mapper 140. The
cell mapper 140 maps the NS real symbols onto NC =
NS/2 complex symbols (cell mapping). The complex sym-
bols are also referred to as complex cells or simply cells.
[0025] The cell interleaver 150 receives the complex
cells from the cell mapper 140, and interleaves the com-
plex cells (cell interleaving).
[0026] In order to increase the time diversity of the sys-
tem, the frame interleaver 160 performs interleaving so
as to spread the NC complex cells of each FEC block
along the time axis (frame interleaving). The frame map-
per 170 maps the complex cells spread along the time
axis onto a frame (frame mapping).
[0027] The frame interleaver 160 may be a block inter-
leaver, a convolutional interleaver, or a combination of
both. In the DVB-T2 standard for example, the frame in-
terleaver 160 is a block interleaver and is referred to as
a time interleaver.
[0028] The time diversity of the system increases with
the interleaving duration, which should be maximized.
Very long interleaving durations, however, lead to high
latency, slow initial acquisition (e.g. for TV channel zap-
ping), and high memory requirements in both the trans-
mitter and the receiver.
[0029] Typically, the transmitted signal is organized in
one or more frames of identical duration. The NC complex
cells of each FEC block can be transmitted in one or more
frames NF. Preferably, the number of complex cells in
each frame is the same. Within a frame, the complex
cells can be transmitted in a single burst or interleaved
with other complex cells over a longer duration. Spread-
ing the complex cells over the entire frame provides the
best diversity and robustness. In the present invention,
however, the mechanism for frame interleaving and
frame mapping is not limited to a particular mechanism.
[0030] After being subjected to frame interleaving and
frame mapping, the complex cells are further processed
by a processing block including at least the modulator
180, an up-converter (not shown), and a radio-frequency
(RF) power amplifier (not shown). The modulator 180
uses, for example, orthogonal frequency-division multi-
plexing (OFDM) modulation. Also, the modulator 180
may include a function of frequency interleaving for in-
creased frequency diversity. The up-converter converts
a digital baseband signal into an analog radio-frequency
(RF) signal. The RF power amplifier amplifies the power
of the analog RF signal. The analog RF signal whose
power has been amplified is then transmitted from the
transmit antenna 190.
[0031] Figs. 2A to 2E show examples of possible com-
binations of frame interleaving and frame mapping. In
Figs. 2A to 2E, as well as in later-described Figs. 3A to
3D, the horizontal (lateral) axis and the vertical (longitu-
dinal) axis represent time and frequency, respectively.
[0032] Fig. 2A shows the case when a FEC block is
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transmitted in a small portion of a frame. The resulting
time diversity is low. If the region of the frame in which
the FEC block is transmitted is affected by, for example,
impulsive noise, all the complex cells of the FEC block
will be affected by the impulsive noise and the FEC block
may no longer be decodable.
[0033] Fig. 2B shows the case when a FEC block is
transmitted as two bursts over a frame. In the case of
Fig. 2B, the time diversity increases as compared to the
case shown in Fig. 2A. Hereinafter, the bursts are also
referred to as slices.
[0034] Fig. 2C shows the case when a FEC block is
spread over an entire frame and transmitted. In the case
of Fig. 2C, the time diversity increases significantly as
compared to the cases shown in Figs. 2A and 2B. If an
impulsive noise destroys, for example, the beginning of
the frame, only a part of the complex cells in the FEC
block will be affected by the impulsive noise (the remain-
ing part of the complex cells will not be affected). As a
result, the probability of decoding failure is reduced.
[0035] Fig. 2D shows the case when each FEC block
is interleaved and spread over two adjacent frames and
transmitted. In the case of Fig. 2D, the time diversity in-
creases as compared to the cases shown in Figs. 2A,
2B, and 2C. However, the required memory for interleav-
ing and deinterleaving doubles in size.
[0036] Fig. 2E shows the case when each FEC block
is interleaved and spread over two non-adjacent frames
with a gap of one frame in between and transmitted. In
each of the two frames, the complex cells are transmitted
as short bursts. This is known as time slicing and allows
the receiver to save power consumption between bursts.
The interleaving period is four frames, which further in-
creases the amount of memory required for interleaving
and deinterleaving, as compared to the case shown in
Fig. 2C.
[0037] Generally, the time diversity may be maximized
by (i) transmitting the complex cells of a FEC block in
multiple frames and (ii) spreading the complex cells in
each frame over as much of the frame duration as pos-
sible. These two aspects are referred to as inter-frame
time diversity and intra-frame time diversity, respectively.
[0038] A conventional solution for maximizing time di-
versity is known from Non-Patent Literature 1 for rotated
constellations in two dimensions. The conventional so-
lution includes the following steps (1) to (3).

(1) Apply a 2D rotation between the real and imagi-
nary components of each complex QAM symbol.
Note that each of the real and imaginary components
of each complex QAM symbol corresponds to one
real-valued PAM symbol described above.
(2) After the application of 2D rotation, apply a rela-
tive cyclic delay of one complex cell between the real
and the imaginary components of the NC complex
cells in each FEC block.
(3) After the application of the cyclic delay, apply a
pseudo-random permutation to the complex cells of

each FEC block. The pseudo-random permutation
is described as "cell interleaver" in the DVB-T2
standard.

[0039] Details on the above steps are disclosed in the
Non-Patent Literature 1, and are well-known in this tech-
nical field. Accordingly, a detailed explanation about
these steps is omitted here.
[0040] The aforementioned conventional solution re-
duces the average correlation of the fading experienced
by the two components (dimensions) of each constella-
tion block. However, due to a random number used for
the pseudo-random permutation, two components of the
same constellation block may end up being very close
to or far from each other. Therefore, time diversity of the
conventional solution is not optimal.
[0041] In a communication system that employs rotat-
ed constellations, it is important that the D components
of a D-dimensional constellation block experience uncor-
related channel fading. Therefore, the D components in
the D-dimensional constellation block are preferably
mapped to D different complex cells and the channel fad-
ing experienced by these complex cells should be as
uncorrelated as possible. In this way, the gain of the ro-
tated constellations, and thus the performance of the sys-
tem, is maximized.
[0042] In the general case of rotated constellations in
D dimensions, the inventor has realized that the best sys-
tem performance is obtained if the time intervals (dis-
tances) between two components of the same constel-
lation block are as evenly distributed as possible and as
large as possible, for all constellation blocks of a FEC
block.
[0043] When a FEC block is spread over NF (> 1)
frames, the D components (dimensions) of each constel-
lation block must be distributed as evenly as possible
among the NF frames. If D is larger than NF, some frames
will carry two or more components from some constella-
tion blocks. In that case, these components must be
spread over the frame as evenly as possible.
[0044] The present invention ensures that all these
conditions can be easily fulfilled.
[0045] Figs. 3A to 3D show examples of spreading the
components of a 2D-RC and a 4D-RC.
[0046] Figs. 3A, 3B, 3C, and 3D each show an example
of mapping two components of a 2D-RC and of mapping
four components of a 4D-RC when a FEC block is
mapped to one frame, two frames, three frames, and four
frames respectively.
[0047] In each of Figs. 3A to 3D, each of the smallest
squares corresponds to one component. The groups of
shaded squares in each figure represent two compo-
nents of the same 2D-RC and four components of the
same 4D-RC.
[0048] When each 2D-RC is spread over four frames,
mapping the two components of a 2D-RC one each onto
frame 1 and frame 3, or onto frame 2 and frame 4, guar-
antees that the time interval between two components
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of every 2D-RC is two frames. Therefore, it can easily be
seen that the mapping shown by the example in Fig. 3D
is optimal.
[0049] Mapping the two components of a 2D-RC one
each onto frame 1 and frame 2, or onto frame 3 and frame
4, makes the time interval between the two components
of every 2D-RC the same, but the time interval is only
one frame. Furthermore, mapping the two components
of a 2D-RC one each onto frame 1 and frame 4, or onto
frame 2 and frame 3, makes the average time interval
between the two components of every 2D-RC two
frames, but the time interval between the two compo-
nents of a 2D-RC is not the same for every 2D-RC (i.e.
the time interval is either one frame or three frames).
Accordingly, as compared to the mapping shown by the
example in Fig. 3D, these are not good mappings.

<<Embodiment 1>>

[0050] A transmitter, a transmission method, a receiv-
er, and a reception method according to Embodiment 1
of the present invention are based on the <<Examination
and Discovery by the Inventor>> above, and are de-
scribed below with reference to the drawings.

<Transmitter and Transmission Method>

[0051] Fig. 4 is a block diagram showing the structure
of a transmitter 100A in Embodiment 1 of the present
invention. In Embodiment 1, the same reference signs
are used and a description is omitted for constituent el-
ements to which applies the description of the constituent
elements of the transmitter 100 in Fig. 1 as described in
the section «Examination and Discovery by the Inventor»
above.
[0052] The transmitter 100A in Fig. 4 includes a FEC
encoder 110, a demultiplexer 115, a PAM mapper 120,
a demultiplexer 125, a constellation rotation unit 130, a
cell mapper 140A, a cell interleaver 150A, a frame inter-
leaver 160A, a frame mapper 170A, a modulator 180,
and a transmit antenna 190.
[0053] To facilitate understanding of the description in
Embodiment 1, the following description is provided with
an example where a FEC block contains 24 complex
cells, and the rotated constellation blocks are either 2D-
RC or 4D-RC.
[0054] The cell mapper 140A maps D components of
each D-dimensional constellation block provided from
the constellation rotation unit 130 onto D adjacent (con-
tiguous) complex cells in a complex cell sequence includ-
ing NC complex cells. Note that the present invention
does not particularly limit the details of the mapping
processing as long as the D components in each D-di-
mensional constellation block are mapped in D contigu-
ous complex cells.
[0055] The following describes two different proce-
dures employed by the cell mapper 140A to map the D
components of each D-dimensional constellation block

onto D contiguous complex cells.
[0056] In one cell mapping procedure, the cell mapper
140A maps the D components of each D-dimensional
constellation block onto a real component and an imag-
inary component of each of D/2 contiguous complex
cells, and inserts a relative delay of D/2 complex cells
between the real component and the imaginary compo-
nent of each of the complex cells. The relative delay is
cyclical with a specified period. The specified period is
generally a multiple of D and a divisor of NC. The specified
period is referred to as a cyclic delay period.
[0057] Figs. 5 and 6 show specific examples of this
processing. Note that in each of Figs. 5 and 6, and Figs.
7, 8, 11, 12, 13, 14, 20, and 21 which are described later,
each of the smallest squares corresponds to one com-
ponent of a 2D-RC or 4D-RC, and each pair of the small-
est squares, which are adjacent vertically (the top square
being a real component Re and the bottom square being
an imaginary component Im), corresponds to one com-
plex cell. In Figs. 5 and 6, and Figs. 7, 8, 11, 12, 13, 14,
20, and 21 which are described later, the values in the
smallest squares (1, 2, ...) are indexes that each indicate
a 2D-RC or a 4D-RC.
[0058] Fig. 5 shows an example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for two-
dimensional rotated constellation blocks (2D-RC).
[0059] As shown in the portion (a) of Fig. 5, D = 2 com-
ponents of each 2D-RC are mapped onto the real com-
ponent and the imaginary component of a D/2 = 1 com-
plex cell by the cell mapper 140A. Then, as shown in the
portions (b), (c), (d), and (e) of Fig. 5, the cell mapper
140A cyclically delays the imaginary component of each
complex cell by a D/2 = 1 complex cell within the cyclic
delay period (simply denoted as "period" in Fig. 5). The
portions (b), (c), (d), and (e) of Fig. 5 show the cases
where the cyclic delay periods are 24, 8, 4, and 2, re-
spectively.
[0060] Fig. 6 shows an example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for four-
dimensional rotated constellation blocks (4D-RC).
[0061] As shown in the portion (a) of Fig. 6, D = 4 com-
ponents of each 4D-RC are mapped onto the real com-
ponents and the imaginary components of D/2 = 2 adja-
cent complex cells by the cell mapper 140A. Then, as
shown in the portions (b), (c), and (d) of Fig. 6, the cell
mapper 140A cyclically delays the imaginary component
of each complex cell by D/2 = 2 complex cells within the
cyclic delay period (simply denoted as "period" in Fig. 6).
The portions (b), (c), and (d) of Fig. 6 show the cases
where the cyclic delay periods are 24, 8, and 4, respec-
tively. For obvious reasons, a cyclic delay period of 2 is
not possible in the case of 4D-RC. Although not shown
in Figs. 5 and 6, the cyclic delay period for 2D-RC may
be 12 or 6, and the cyclic delay period for 4D-RC may
be 12.
[0062] Note that in order to insert a relative cyclic delay
of D/2 between the real components and the imaginary
components, the cell mapper 140A may cyclically delay
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the real components by D/2 complex cells instead of cy-
clically delaying the imaginary components by D/2 com-
plex cells as shown in Figs. 5 and 6.
[0063] Alternatively, in another cell mapping proce-
dure, the cell mapper 140A maps each pair of D-dimen-
sional constellation blocks onto D contiguous complex
cells. This cell mapping is equivalent to the case where
the cyclic delay period is D in the aforementioned cell
mapping procedure. Specifically, the cell mapper 140A
maps D components of one of the pair of constellation
blocks onto the real components of D complex cells, and
maps D components of the other constellation block onto
the imaginary components of D complex cells.
[0064] Figs. 7 and 8 show specific examples of this
processing.
[0065] Fig. 7 shows an example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for two-
dimensional rotated constellation blocks (2D-RC).
[0066] As shown in Fig. 7, the cell mapper 140A maps,
for each pair of 2D-RC, two components of one of the
pair of 2D-RC onto the real components of two contigu-
ous complex cells, and maps two components of the oth-
er one of the pair of 2D-RC onto the imaginary compo-
nents of the same two contiguous complex cells. For ex-
ample, concerning a 2D-RC indicated by index 1 and a
2D-RC indicated by index 2, the cell mapper 140A maps
two components of the 2D-RC of index 1 onto the real
components of two contiguous complex cells, and maps
two components of the 2D-RC of index 2 onto the imag-
inary components of the same two contiguous complex
cells.
[0067] Fig. 8 shows an example of cell mapping per-
formed by the cell mapper 140A shown in Fig. 4 for four-
dimensional rotated constellation blocks (4D-RC).
[0068] As shown in Fig. 8, the cell mapper 140A maps,
for each pair of 4D-RC, four components of one of the
pair of 4D-RC onto the real components of four contigu-
ous complex cells, and maps four components of the
other one of the pair of 4D-RC onto the imaginary com-
ponents of the same four contiguous complex cells. For
example, concerning a 4D-RC indicated by index 1 and
a 4D-RC indicated by index 2, the cell mapper 140A maps
four components of the 4D-RC of index 1 onto the real
components of four contiguous complex cells, and maps
four components of the 4D-RC of index 2 onto the imag-
inary components of the same four contiguous complex
cells.
[0069] The complex cells of a FEC block resulting from
the cell mapping by the cell mapper 140A are provided
to the cell interleaver 150A. The cell interleaver 150A
applies a permutation (cell interleaving) to the complex
cells of the FEC block so that D components of each D-
dimensional constellation block are evenly spread over
the entire FEC block. Here, the parameters relating to
this permutation are: NC which indicates the number of
complex cells per FEC block; and D which indicates the
number of dimensions (the number of components) of
each constellation block. The permutation by the cell in-

terleaver 150A corresponds to the pseudo-random cell
permutation in the DVB-T2 standard, although the details
of the processing are different from the pseudo-random
cell permutation. The permutation by the cell interleaver
150A ensures an approximately even spreading of the
D components of each D-dimensional constellation
block. This improves the performance of the rotated con-
stellation.
[0070] The following describes a preferred permuta-
tion performed by the cell interleaver 150A on the com-
plex cells in a FEC block.
[0071] This preferred permutation is equivalent to the
following processing.
[0072] The cell interleaver 150A writes NC complex
cells of the FEC block column by column into an inter-
leaver matrix with D rows and ceil(NC/D) columns, in the
order in which the NC complex cells are provided from
upstream. Then, the cell interleaver 150A reads the com-
plex cells that have been written from the interleaver ma-
trix, row by row, and outputs the complex cells to down-
stream in the order in which the complex cells are read.
Note that the function ceil(A) is a function that returns the
smallest integer greater than or equal to A.
[0073] Suppose that NC is not a divisor of D. In this
case, when the NC complex cells in the FEC block are
written in the interleaver matrix, no complex cells will be
written in a part of the last column of the interleaver matrix.
However, since NC is always a multiple of D/2, only D/2
complex cells will be missing in the last column (i.e. half
the column).
[0074] Figs. 9 and 10 show specific examples of this
processing. Note that the values (1, 2, ...) in Figs. 9 and
10 are not indexes indicating the components of constel-
lation blocks, but are indexes indicating the complex cells
of a FEC block. The arrows in each of Figs. 9 and 10
indicate a write order and a read order.
[0075] Fig. 9 shows an example of cell interleaving per-
formed by the cell interleaver 150A shown in Fig. 4 for
two-dimensional rotated constellation blocks (2D-RC).
[0076] As shown in the portion (a) of Fig. 9, the cell
interleaver 150A writes 24 complex cells in the FEC block
column by column into an interleaver matrix with 2 (= D)
rows and 12 (= ceil(24/2)) columns, in the order in which
the complex cells are input from upstream, i.e., "1, 2, 3,
4, ..., 21, 22, 23, and 24". Then, as shown in the portion
(b) of Fig. 9, the cell interleaver 150A reads the 24 com-
plex cells of the FEC block that have been written, row
by row, from the interleaver matrix, and outputs the com-
plex cells to downstream in the order in which the com-
plex cells are read, i.e., "1, 3, ..., 21, 23, 2, 4, ..., 22, and
24".
[0077] Fig. 10 shows an example of cell interleaving
performed by the cell interleaver 150A shown in Fig. 4
for four-dimensional rotated constellation blocks (4D-
RC).
[0078] As shown in the portion (a) of Fig. 10, the cell
interleaver 150A writes 24 complex cells in the FEC block
column by column into an interleaver matrix with 4 (= D)
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rows and 6 (=ceil(24/4)) columns, in the order in which
the complex cells are input from upstream, i.e., "1, 2, 3,
4, ..., 21, 22, 23, and 24". Then, as shown in the portion
(b) of Fig. 10, the cell interleaver 150A reads the 24 com-
plex cells of the FEC block that have been written, row
by row, from the interleaver matrix, and outputs the com-
plex cells to downstream in the order in which the com-
plex cells are read, i.e., "1, 5, ..., 21, 2, 6, 20, and 24".
[0079] The aforementioned permutation by the cell in-
terleaver 150A shown in Fig. 4 may also be expressed
in mathematical terms.
[0080] Suppose that NC is a multiple of D. In this case,
with index i denoting the index of a complex cell input to
the cell interleaver 150A and index j denoting the index
of a complex cell output from the cell interleaver 150A,
the index j can be expressed as a function of index i.
[0081] j = rem(i, D) 3 NC/D + floor(i/D)
Here, i and j are each 0, 1, ..., NC-1.
[0082] Note that the function rem(i, D) is a function that
returns the remainder obtained by dividing i by D. The
function floor(A) is a function that returns the largest in-
teger less than or equal to A.
[0083] After the cell interleaver 150A applies the per-
mutation, the resulting FEC block consists of D contigu-
ous regions, each region containing one component from
each constellation block. The distance (interval) between
the components of each constellation block is NC/D com-
plex cells or NC/D-1 complex cells with no exception, or
except for a predetermined number (a value obtained by
dividing NC by the cyclic delay period) of constellation
blocks. In other words, the spreading is as even as pos-
sible.
[0084] This means that the cell mapper 140A and the
cell interleaver 150A generate NC complex cells from the
NS components in the FEC block in such a manner that,
in a complex cell sequence including the NC complex
cells, the distance between D components of each con-
stellation block is NC/D complex cells or NC/D-1 complex
cells with no exception, or except for the predetermined
number (the value obtained by dividing NC by the cyclic
delay period) of constellation blocks.
[0085] Figs. 11 and 12 show examples of the results
of cell mapping and cell interleaving described above.
[0086] Fig. 11 shows an example of the results of cell
mapping and cell interleaving for two-dimensional rotat-
ed constellation blocks (2D-RC), and Fig. 12 shows an
example of the results of cell mapping and cell interleav-
ing for four-dimensional rotated constellation blocks (4D-
RC). In each of the examples, the cyclic delay period
consists of the maximum number of complex cells, i.e.,
24 complex cells.
[0087] As shown in Fig. 11, two components of each
2D-RC are respectively included in two regions of com-
ponent indexes 1 and 2, and, as shown in Fig. 12, four
components of each 4D-RC are respectively included in
four regions of component indexes 1 to 4.
[0088] It can be seen from Figs. 11 and 12 that the D
components are approximately evenly spread over the

entire FEC block. As shown in Fig. 11, in 2D-RC, the
minimum distance between the complex cells each hav-
ing a component of the same constellation block is 12 (=
NC/D) complex cells in the case of odd-numbered con-
stellation blocks; 11 (= NC/D-1) complex cells in the case
of even-numbered constellation blocks, except for the
24th constellation block; and 23 complex cells in the case
of the 24th constellation block. As shown in Fig. 12, in
4D-RC, the minimum distance between the complex cells
each having a component of the same constellation block
is 6 (= NC/D) complex cells in the case of odd-numbered
constellation blocks; 5 (= NC/D-1) complex cells in the
case of even-numbered constellation blocks, except for
the 12th constellation block; and 6 (= NC/D) complex cells
in the case of the 12th constellation block.
[0089] The permutated FEC block is mapped onto one
or more frames in sequential order. If the FEC block is
spread over NF > 1 frames, the FEC block is first divided
into NF contiguous slices, and each slice is mapped onto
exactly one of the NF frames. The FEC block is divided
into NF slices in such a manner that the difference in size
between the NF slices is one complex cell at a maximum.
Preferably, the NF slices are of equal size in order to
ensure optimum time diversity. This processing is per-
formed by the frame interleaver 160A and the frame map-
per 170A.
[0090] Figs. 13 and 14 show examples of the slicing
of the FEC block.
[0091] Fig. 13 shows examples of the slicing of the
FEC block for two-dimensional rotated constellation
blocks (2D-RC). The portion (a) of Fig. 13 shows the FEC
block permuted by the cell interleaver 150A. The portions
(b), (c), and (d) of Fig. 13 show the slicing of the FEC
block over two, three, and four frames, respectively.
[0092] Fig. 14 shows examples of the slicing of the
FEC block for four-dimensional rotated constellation
blocks (4D-RC). The portion (a) of Fig. 14 shows the FEC
block permuted by the cell interleaver 150A. The portions
(b), (c), and (d) of Fig. 14 show the slicing of the FEC
block over two, three, and four frames, respectively.
[0093] The spreading of the D components of each
constellation block (two components of each 2D-RC and
four components of each 4D-RC) is as good as it can be.
[0094] When slicing is used (cf. Fig. 2B), i.e. the data
is transmitted in several bursts (or slices) in each frame
instead of being distributed over the frame, each frame
will be divided into slices of almost equal size. Preferably,
the difference in the number of complex cells included in
each slice is one at a maximum. The resulting distribution
of the D components of each constellation block is still
optimal.
[0095] The following describes a preferred embodi-
ment for spreading each FEC block over NF frames.
[0096] Fig. 15 is a block diagram showing the structure
of the frame interleaver 160A of Fig. 4. The frame inter-
leaver 160A in Fig. 15 is a convolutional interleaver, and
frame interleaving is performed over NF = 3 frames. Each
frame consists of four FEC blocks. Note that "1" to "4" in
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Fig. 15 are values that identify FEC blocks.
[0097] The frame interleaver 160A includes a demul-
tiplexer 161 A and an interleaver 165A. In the example
of Fig. 15, frames 1, 2, 3 are sequentially input to the
frame interleaver 160A in the stated order.
[0098] The demultiplexer 161A divides each FEC
block into NF blocks, and feeds the NF blocks one by one
to NF interleaver branches of the interleaver 165A. The
demultiplexer 161 A divides each FEC block into NF
blocks where the difference in the number of complex
cells included in each of the NF blocks is one at a maxi-
mum. Ideally, the demultiplexer 161A divides each FEC
block into NF blocks of equal size. Note that the NF blocks
are referred to as interleaving units (IUs).
[0099] The interleaver 165A applies a delay, which de-
pends on a branch index, to an input from the demulti-
plexer 161 A. Typically, the branch delay is equal to a
delay in the number of frames corresponding to a zero-
based branch index, i.e., 0 frames, 1 frame, or 2 frames
in the example of Fig. 15. Note that in the example of Fig.
15, the interleaver 165A is such that, in order to perform
the branch delay, the branch of branch index 0 does not
include any memory block, the branch of branch index I
includes one memory block M, and the branch of branch
index 2 includes two memory blocks M. Each memory
block M accommodates the complex cells of the same
number of interleaving units as the number of FEC blocks
within a frame, i.e., the complex cells of four interleaving
units in this example.
[0100] The frame mapper 170A maps the output of the
interleaver 165A in the frame interleaver 160A onto
frames.
[0101] As a result, each FEC block is spread over three
adjacent frames. Fig. 16 shows an example where four
FEC blocks in frame 1 are spread over three frames.
[0102] The interleaved data for each frame may be fur-
ther divided into several slices. The effect is that each
interleaving unit is divided into many slices. Accordingly,
each FEC block is divided first into interleaving units and
then into slices.
[0103] Fig. 17 shows an example for 24 complex cells
per FEC block, interleaving over four frames, and two
slices per frame. In the example of Fig. 17, all slices have
the same size, i.e., 24/(4 3 2) = 3 cells. If this number is
not an integer, each FEC block is divided such that the
difference in the number of complex cells included in each
slice is one at a maximum.

<Receiver and Reception Method>

[0104] Fig. 18 is a block diagram showing the structure
of a receiver 300 according to Embodiment 1 of the
present invention. The receiver 300 in Fig. 18 corre-
sponds to the transmitter 100A in Fig. 4, and mirrors the
functionality of the transmitter 100A.
[0105] The receiver 300 includes a receive antenna
310, a demodulator 320, a frame demapper 330, a frame
deinterleaver 340, a cell deinterleaver 350, a cell dema-

pper 360, a constellation demapper 370, and a forward
error correction (FEC) decoder 380.
[0106] The demodulator 320 receives a baseband sig-
nal from a radio-frequency (RF) frontend. The RF fron-
tend typically includes the receive antenna 310, a tuner
(not shown) for tuning into a desired channel, and a down-
converter (not shown) for converting an analog RF signal
into a digital baseband signal.
[0107] The demodulator 320 demodulates the digital
baseband signal received from the RF frontend. In other
words, the demodulator 320 calculates channel fading
coefficients based on the digital baseband signal and cal-
culates complex symbols (complex cells) based on the
calculated channel fading coefficients. Then, the demod-
ulator 320 outputs a stream of complex cells to the frame
demapper 330.
[0108] The frame demapper 330 has a function corre-
sponding to the frame mapping performed by the frame
mapper 170A in the transmitter 100A, and extracts, from
the frame (cell stream), complex cells belonging to a de-
sired service or program according to a schedule notified
by the transmitter. The frame deinterleaver 340 deinter-
leaves (frame deinterleaving) the extracted complex cells
so as to return the complex cells to the order before in-
terleaving by the frame interleaver 160A of the transmitter
100A. The output of the frame deinterleaver 340 consists
of a plurality of FEC blocks per frame.
[0109] The cell deinterleaver 350 deinterleaves (cell
deinterleaving) NC complex cells of each FEC block so
as to return the NC complex cells to the order before
interleaving by the cell interleaver 150A of the transmitter
100A.
[0110] The cell demapper 360 extracts D real symbols
in each D-dimensional constellation block mapped onto
the complex cells of a FEC block. This extraction is per-
formed based on the mapping positions of the D real
symbols mapped onto complex cells by the cell mapper
140A of the transmitter 100A.
[0111] The constellation demapper 370 demodulates
the D-dimensional constellation blocks. For example, the
constellation demapper 370 jointly demodulates the D
real symbols of each D-dimensional constellation block,
and produces D3B "soft" bits for each D-dimensional
constellation block. Note that in one processing step, the
constellation demapper 370 performs derotation corre-
sponding to the rotation by the constellation rotation unit
130 of the transmitter 100A and demapping correspond-
ing to the mapping by the PAM mapper 120 of the trans-
mitter 100A.
[0112] The FEC decoder 380 decodes the soft bits of
each FEC block in accordance with the FEC code used
by the FEC encoder 110 of the transmitter 100A and pro-
vides the results of decoding to subsequent processing
blocks for further processing.
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«Further Examination and Further Discovery by the In-
ventor>>

[0113] The DVB-T2 (Digital Video Broadcasting-Sec-
ond Generation Terrestrial) standard is an improvement
of the television standard DVB-T standard, and discloses
a second generation transmission system for digital ter-
restrial television broadcasting. It specifies the channel
coding/modulation system intended for digital television
services and generic data.
[0114] Fig. 19 is a block diagram showing the structure
of a transmitter 500 that employs rotated quadrature am-
plitude modulation (QAM) constellations according to the
DVB-T2 standard.
[0115] The transmitter 500 includes a FEC encoder
510, a bit interleaver 520, a QAM mapper 530, a constel-
lation rotation unit 540, an RC component separation unit
550 (including a Q-delay insertion unit 551 and a cell
interleaver 555), a time/frequency interleaver 560, an
OFDM modulator 570, an RF power amplifier 580, and
a transmit antenna 590.
[0116] The transmitter 500 receives, as input, binary
blocks of a predetermined length, which contain the in-
formation to be transmitted.
[0117] The FEC encoder 510 encodes each informa-
tion block using a FEC code. According to the DVB-T2
standard, a low-density parity-check (LDPC) code is
used as the FEC code.
[0118] The bit interleaver 520 interleaves the bits of a
FEC codeword (FEC block) yielded by the encoding
processing (bit interleaving), and provides the bit-inter-
leaved FEC block to the QAM mapper 530. This improves
the robustness of the system.
[0119] The QAM mapper 530 maps the bit-interleaved
FEC block onto complex QAM symbols a predetermined
number of bits at a time. Typically, a set of B bits modu-
lates the real component of a complex QAM symbol and
another set of B bits modulates the imaginary component
of the complex QAM symbol. Each of the real and imag-
inary components of the complex QAM symbols is there-
fore independent and can be regarded as a real-valued
pulse amplitude modulation (PAM) symbol (the same
PAM symbol as the PAM symbol produced by the PAM
mapper 120 shown in Figs. 1 and 4). As a result of the
mapping processing, each FEC block is transformed into
a block of complex QAM symbols.
[0120] The constellation rotation unit 540 rotates the
complex QAM symbols produced by the QAM mapper
530 in order to introduce a dependence between the two
real-valued PAM symbols that constitute each of the
complex QAM symbols. This increases the robustness
in fading channels. This rotation processing is also re-
ferred to as the processing of jointly encoding the two
real-valued PAM symbols. The rotated complex QAM
symbols are regarded as indicators indicating unique
points in a two-dimensional space. The resulting (2B)2

combinations form a two-dimensional constellation. The
rotation by the constellation rotation unit 540 is performed

by multiplying a vector, which has two real-valued PAM
symbols as vector elements, by a 232 orthogonal matrix.
[0121] The explanation on the constellation rotation
unit 130 shown in Fig. 1 is applicable when joint encoding
of two real-valued PAM symbols is generalized as joint
encoding of D real-valued PAM symbols. Briefly, the con-
stellation rotation unit 540 performs joint encoding by
multiplying a D-dimensional vector, which has D real-
valued PAM symbols as elements, by a D3D orthogonal
matrix.
[0122] After the multiplication of the orthogonal matrix
(after the rotation process), NS real symbols (compo-
nents) of each FEC block are provided from the constel-
lation rotation unit 540 to the RC component separation
unit 550. The RC component separation unit 550 maps
the NS real symbols of each FEC block onto NC = NS/2
complex symbols (complex cells), so that the D real sym-
bols of each D-dimensional constellation block are
mapped onto D different complex symbols (complex
cells). In order to achieve good performance with rotated
constellations, it is necessary that the D real symbols of
each D-dimensional rotated constellation block be
spread as much as possible in time and frequency. In
this way, the channel fading that the D real symbols ex-
perience becomes as uncorrelated as possible.
[0123] According to the DVB-T2 standard, the Q-delay
insertion unit 551 of the RC component separation unit
550 first maps the D real symbols of each D-dimensional
constellation block onto D/2 complex cells, and thereby
maps the NS real symbols of a FEC block onto NC com-
plex cells. Next, the Q-delay insertion unit 551 cyclically
delays the imaginary (or quadrature, hence the name Q-
delay) components by D/2 complex cells, and outputs
the resulting complex cells to the cell interleaver 555.
[0124] Figs. 20 and 21 show specific examples of this
processing. In Figs. 20 and 21, it is assumed that each
FEC block includes 24 complex cells.
[0125] Fig. 20 shows examples of the processing per-
formed by the Q-delay insertion unit 551 shown in Fig.
19 for two-dimensional rotated constellation blocks (2D-
RC). The portion (a) of Fig. 20 shows the state before
the real symbols (components) of 2D-RC are mapped to
the complex cells.
[0126] As shown in the portion (b) of Fig. 20, the Q-
delay insertion unit 551 maps D = 2 components of each
2D-RC onto the real component and the imaginary com-
ponent of a D/2 = 1 complex cell. Then, as shown in the
portion (c) of Fig. 20, the Q-delay insertion unit 551 cy-
clically delays the imaginary component of each complex
cell by a D/2 = 1 complex cell.
[0127] Fig. 21 shows examples of the processing per-
formed by the Q-delay insertion unit 551 shown in Fig.
19 for four-dimensional rotated constellation blocks (4D-
RC). The portion (a) of Fig. 21 shows the state before
the components of 4D-RC are mapped to the complex
cells.
[0128] As shown in the portion (b) of Fig. 21, the Q-
delay insertion unit 551 maps D = 4 components of each
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4D-RC onto the real components and the imaginary com-
ponents of D/2 = 2 contiguous complex cells. Then, as
shown in the portion (c) of Fig. 21, the Q-delay insertion
unit 551 cyclically delays the imaginary component of
each complex cell by D/2 = 2 complex cells.
[0129] The cell interleaver 555 in the RC component
separation unit 550 permutes (shuffles) the NC complex
cells obtained as a result of the Q-delay. In the DVB-T2
standard, the cell permutation applied by the cell inter-
leaver 555 is a pseudo-random permutation generated
using a linear feedback shift register (LFSR). In the DVB-
T2 standard, the cell permutation applied by the cell in-
terleaver 555 is different for each FEC block.
[0130] In order to increase the diversity of the system,
the time/frequency interleaver 560 performs time inter-
leaving and frequency interleaving to spread the complex
cells of each FEC block in time and frequency. According
to the DVB-T2 standard, the time interleaving and the
frequency interleaving are performed by two different
blocks.
[0131] The OFDM modulator 570 uses orthogonal fre-
quency-division multiplexing (OFDM) modulation. An up-
converter (not shown) converts a digital baseband signal
into an analog radio-frequency (RF) signal. The RF pow-
er amplifier 580 amplifies the power of the analog RF
signal. The analog RF signal whose power has been am-
plified is then transmitted from the transmit antenna 590.
[0132] The following describes details of the bit inter-
leaver 520 shown in Fig. 19, with reference to Figs. 22
and 23.
[0133] Fig. 22 is a block diagram showing the structure
of the bit interleaver 520 of Fig. 19.
[0134] The bit interleaver 520 according to the DVB-
T2 standard includes a parity interleaver 522, a column-
row interleaver 524, and a bit-to-cell demultiplexer 526.
[0135] The parity interleaver 522 interleaves the parity
bits of the systematic LDPC codeword obtained as a re-
sult of the encoding processing by the FEC encoder 510.
[0136] The column-row interleaver 524 interleaves the
bits of systematic LDPC codeword whose parity bits have
been interleaved by the parity interleaver 522.
[0137] Subsequently, the bit-to-cell demultiplexer 526
demultiplexes the bits of the systematic LDPC codeword
which have been interleaved by the column-row inter-
leaver 524 to cell words prior to the mapping to a QAM
constellation. The demultiplexing includes processing
equivalent to the permutation of the columns of an inter-
leaver matrix of the column-row interleaver 524.
[0138] The column-row interleaver 524 and the asso-
ciated bit-to-cell demultiplexer 526 are used only for high-
er-order constellations, such as 16-QAM constellations,
64-QAM constellations, and 256-QAM constellations.
For QPSK (4-QAM) constellations, only the parity inter-
leaver 522 is used.
[0139] The following describes the outline of the oper-
ation of the column-row interleaver 524 according to the
DVB-T2 standard in Fig. 22. The description is provided
with use of Fig. 23. In Fig. 23, a write order in which to

write data bits to an interleaver matrix and a read order
in which to read the data bits from the interleaver matrix
are indicated by dotted lines.
[0140] The column-row interleaver 524 serially writes
the data bits received from the parity interleaver 522 (the
bits of a FEC codeword whose parity bits have been in-
terleaved) column by column into an interleaver matrix,
while twisting the write start position of each column by
a specified number of bits. Also, the column-row inter-
leaver 524 serially reads the data bits written in the in-
terleaver matrix row by row. The first bit (the most signif-
icant bit (MSB) of a baseband header) of the FEC code-
word (FEC frame) is written first in the interleaver matrix
and read first from the interleaver matrix. Note that the
"LSB of FECFRAME" in Fig. 23 indicates the least sig-
nificant bit (LSB) of the FEC codeword (FEC frame) after
the column-row interleaving.
[0141] The number of columns in the column-row in-
terleaver is equal to the number of bits encoded onto a
complex QAM symbol, i.e., 2 x B, or to twice this number
(2 3 2 3 B).
[0142] Each cell word includes the same number of
bits as the bits encoded onto one complex QAM symbol,
i.e., 23B bits. For example, the number of bits of each
cell word is two for a QPSK (4-QAM) symbol, four for a
16-QAM symbol, six for a 64-QAM symbol, and eight for
a 256-QAM symbol. Each cell word is modulated by the
QAM mapper 530 with use of a particular mapping con-
stellation, such as QPSK (4-QAM), 16-QAM, 64-QAM or
256-QAM. The constellations and the details of Gray
mapping applied to the bits according to the DVB-T2
standard are illustrated in Figs. 24A, 24B, and 24C for
QPSK (4-QAM), 16-QAM, and 64-QAM, respectively.
[0143] The inventor has realized that the cell interleav-
er 555 in the DVB-T2 standard includes two distinct func-
tions.
[0144] One of the functions (hereinafter "first function")
is to spread the burst errors that occur in the channel as
irregularly as possible throughout a FEC block. This func-
tion is performed very well by the pseudo-random per-
mutation by the cell interleaver 555 in the DVB-T2 stand-
ard, and is applicable to both rotated and non-rotated
constellations.
[0145] The other one of the functions (hereinafter "sec-
ond function"), which is achieved in conjunction with the
time/frequency interleaver, is to spread the rotated con-
stellation components over time and frequency. This
function is of course relevant only for rotated constella-
tions. However, the pseudo-random permutation by the
cell interleaver 555 as used in the DVB-T2 standard
achieves a sub-optimal separation of the D real symbols
of each D-dimensional rotated constellation block in time
and frequency. This results in sub-optimal performance
in fading or erasure channels.
[0146] The separation of the D real symbols of each
D-dimensional rotated constellation block can be
achieved by replacing the cell interleaver 555 that applies
the pseudo-random permutation according to the DVB-
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T2 standard with an interleaver that is specifically opti-
mized for separating the D real symbols as far as possible
in time and frequency. However, such interleavers have
regular structures, which make them sub-optimal with
respect to the first function.

«Embodiment 2»

[0147] A transmitter, a transmission method, a receiv-
er, and a reception method according to Embodiment 2
of the present invention are based on the «Further Ex-
amination and Further Discovery by the Inventor>>
above, and are described below with reference to the
drawings.

<Transmitter and Transmission Method>

[0148] Fig. 25 is a block diagram showing the structure
of a transmitter 500A according to Embodiment 2 of the
present invention. In Embodiment 2, the same reference
signs are used and a description is omitted for constituent
elements to which applies the description of the constit-
uent elements of the transmitter 500 in Fig. 19 as de-
scribed in the section «Further Examination and Further
Discovery by the Inventor» above.
[0149] The transmitter 500A is basically the same as
the transmitter 500 except that a cell interleaver 535A is
arranged between the QAM mapper 530 and the con-
stellation rotation unit 540, and that the RC component
separation unit 550 is replaced with an RC component
separation unit 550A which differs from the RC compo-
nent separation unit 550 in terms of processing.
[0150] The cell interleaver 535A achieves the first func-
tion of spreading the burst errors that occur in the channel
as irregularly as possible throughout a FEC block. The
cell interleaver 535A permutes complex QAM symbols
(i.e., groups of two real-valued PAM symbols) output from
the QAM mapper 530, which are complex QAM symbols
prior to being subjected to the rotation processing by the
constellation rotation unit 540. A pseudo-random permu-
tation is suitable as the permutation by the cell interleaver
535A to realize the first function. In other words, a pseu-
do-random interleaver such as the cell interleaver 555
according to the DVB-T2 standard is suitable as the cell
interleaver 535A.
[0151] The permutation by the cell interleaver 535A is
directly applied to the QAM symbols produced by the
QAM mapper 530. Accordingly, as shown in Fig. 26, a
cell interleaver 535B may be arranged upstream of the
QAM mapper 530, instead of the cell interleaver 535A
arranged downstream of the QAM mapper 530. The cell
interleaver 535B of a transmitter 500B, which is shown
in Fig. 26, interleaves groups of 23B bits instead of in-
terleaving QAM symbols. Each group modulates one
QAM symbol. Note that a combination of the bit interleav-
er 520 and the cell interleaver 535B may be regarded as
a new bit interleaver.
[0152] The RC component separation unit 550A is ar-

ranged downstream of the constellation rotation unit 540,
and achieves the second function of spreading the com-
ponents of rotated constellation blocks.
[0153] The RC component separation unit 550A per-
forms the same processing performed by the cell mapper
140A and the cell interleaver 150A in the transmitter 100A
according to Embodiment 1. A detailed description of the
RC component separation unit 550A is omitted here,
since the description of the cell mapper 140A and the
cell interleaver 150A of Embodiment 1 is applicable as
the description of the RC component separation unit
550A.
[0154] A FEC block permutated by the RC component
separation unit 550A is mapped onto one or more frames
in sequential order, and/or onto one or more channels or
frequencies. This step is performed by the time/frequen-
cy interleaver 560. If the FEC block is spread over NF >
1 frames, the FEC block is first divided into NF contiguous
slices, and each slice is mapped onto exactly one of the
NF frames. The FEC block is divided into NF slices in
such a manner that the difference in size between the
NF slices is one complex cell at a maximum. Preferably,
the NF slices are of equal size in order to ensure optimum
time diversity.

<Receiver and Reception Method>

[0155] Fig. 27 is a block diagram showing the structure
of a receiver 700 according to Embodiment 2 of the
present invention. The receiver 700 shown in Fig. 27 cor-
responds to the transmitter 500A shown in Fig. 25 or the
transmitter 500B shown in Fig. 26, and mirrors the func-
tionality of the transmitter 500A or the transmitter 500B.
[0156] The receiver 700 includes a receive antenna
710, a radio-frequency (RF) frontend 720, an OFDM de-
modulator 730, a time/frequency deinterleaver 740, an
RC component combining unit 750, a constellation dem-
apper 760, a cell deinterleaver 770, a bit deinterleaver
780, and a FEC decoder 790. Note that a combination
of the cell deinterleaver 770 and the bit deinterleaver 780
may be regarded as a new bit deinterleaver.
[0157] A signal received by the receive antenna 710
is input to the RF frontend 720. The RF frontend 720
typically includes a tuner (not shown) for tuning into a
desired channel, and a down-converter (not shown) for
converting an analog RF signal into a digital baseband
signal.
[0158] The OFDM demodulator 730 demodulates a
digital baseband signal. In other words, the OFDM de-
modulator 730 calculates channel fading coefficients
based on the digital baseband signal and calculates com-
plex symbols (complex cells) based on the calculated
channel fading coefficients. Then, the OFDM demodula-
tor 730 outputs a stream of complex cells to the time/fre-
quency deinterleaver 740.
[0159] The time/frequency deinterleaver 740 extracts,
from the frame (stream), complex cells belonging to a
desired service or program according to a schedule no-
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tified by the transmitter. The time/frequency deinterleav-
er 740 deinterleaves (time/frame deinterleaving) the ex-
tracted complex cells so as to return the complex cells
to the order before interleaving by the time/frequency in-
terleaver 560 of the transmitter 500A or the transmitter
500B. The time/frequency deinterleaver 740 outputs a
plurality of FEC blocks each consisting of a plurality of
complex cells.
[0160] The RC component combining unit 750 extracts
D real symbols of each of NS/D D-dimensional constel-
lation blocks that have been separated by the RC com-
ponent separation unit 550A of the transmitter 500A or
the transmitter 500B. Here, the extraction is based on
the processing of the RC component separation unit
550A of the transmitter 500A or the transmitter 500B.
Then, the RC component combining unit 750 combines
the D real symbols thus extracted into D/2 contiguous
complex cells.
[0161] The constellation demapper 760 sequentially
demodulates the NS/D D-dimensional constellation
blocks. For example, the constellation demapper 760
jointly demodulates the D real symbols of each D-dimen-
sional constellation block, and produces D3B "soft" bits
for each D-dimensional constellation block. Note that in
one processing step, the constellation demapper 760
performs derotation corresponding to the rotation by the
constellation rotation unit 540 of the transmitter 500A or
the transmitter 500B and demapping corresponding to
the mapping by the QAM mapper 530.
[0162] In order to cancel group interleaving for a group
made up of two real-valued symbols, which is performed
by the cell interleaver 535A of the transmitter 500A, or
to cancel group interleaving for a group made up of 2xB
bits, which is performed by the cell interleaver 535B of
the transmitter 500B shown in Fig. 26, the cell deinter-
leaver 770 deinterleaves groups of 23B "soft" bits output
from the constellation demapper 760 (cell deinterleav-
ing).
[0163] The bit deinterleaver 780 deinterleaves the
groups of bits output from the cell deinterleaver 770 so
as to return the groups of bits to the order before inter-
leaving by the bit interleaver 520 of the transmitter 500A
or the transmitter 500B (bit deinterleaving).
[0164] The FEC decoder 790 decodes the soft bits of
each FEC block in accordance with the FEC code used
by the FEC encoder 510 of the transmitter 500A or the
transmitter 500B, and provides the results of decoding
to subsequent processing blocks for further processing.

«Supplementary Explanation (Part 1)>>

[0165] The present invention is not limited to the
above-described embodiments, but rather may be em-
bodied in a variety of ways, such as those described be-
low, for achieving the aim of the present invention or other
aims related or associated thereto. For example, the fol-
lowing modifications are possible.

(1) In Embodiments 1 and 2 above, a FEC code has
been provided as an example of an error correction
code, but the transmission technology and reception
technology of Embodiments 1 and 2 may be applied
to error correction codes other than a FEC code.
(2) The above embodiments may be implemented
using hardware and software. The above embodi-
ments may be implemented or executed with a com-
puting device (processor). The computing device or
processor may, for example, be a main proces-
sor/general-purpose processor, a digital signal proc-
essor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA),
or another programmable logical device. The above
embodiments may be executed or implemented as
a combination of these devices.
(3) The above embodiments may be implemented
by a combination of software modules that are exe-
cuted by a processor or directly by hardware. A com-
bination of software modules and hardware imple-
mentation is also possible. The software modules
may be stored on a variety of computer-readable
storage media, such as a RAM, EPROM, EEPROM,
flash memory, register, hard disk, CD-ROM, DVD,
and the like.

<<Supplementary Explanation (Part 2)>>

[0166] The following summarizes a transmission meth-
od, a transmitter, a reception method, and a receiver ac-
cording to the embodiments, as well as the effects there-
of.
[0167] A first transmission method is for a transmission
method for transmitting digital data, comprising: encod-
ing a block of data of a predetermined length with an error
correction code; generating a real-valued symbol se-
quence including NS real-valued symbols by mapping
the encoded block of data onto real-valued symbols a
predetermined number of bits at a time; converting D-
dimensional vectors into D-dimensional rotated vectors
by multiplying each of the D-dimensional vectors by a
D3D orthogonal matrix, each of the D-dimensional vec-
tors having D of the real-valued symbols in the real-val-
ued symbol sequence as elements, each of the D-dimen-
sional rotated vectors having D real symbols as ele-
ments; and generating a complex symbol sequence from
NS real symbols resulting from the conversion, the com-
plex symbol sequence including NC = NS/2 complex sym-
bols, wherein the complex symbol sequence is generated
such that a distance between any two of the D real sym-
bols of each of the D-dimensional rotated vectors is NC/D
complex symbols or NC/D-1 complex symbols, or such
that the distance between any two of the D real symbols
of each of the D-dimensional rotated vectors, except for
part of the D-dimensional rotated vectors, is NC/D com-
plex symbols or NC/D-1 complex symbols.
[0168] A second transmission method is for transmit-
ting digital data, comprising: encoding a block of data of
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a predetermined length with an error correction code;
generating a real-valued symbol sequence including NS
real-valued symbols by mapping the encoded block of
data onto real-valued symbols a predetermined number
of bits at a time; converting D-dimensional vectors into
D-dimensional rotated vectors by multiplying each of the
D-dimensional vectors by a D3D orthogonal matrix, each
of the D-dimensional vectors having D of the real-valued
symbols in the real-valued symbol sequence as ele-
ments, each of the D-dimensional rotated vectors having
D real symbols as elements; and generating a complex
symbol sequence from NS real symbols resulting from
the conversion, the complex symbol sequence including
NC = NS/2 complex symbols, wherein the complex sym-
bol sequence is generated by: mapping the D real sym-
bols of each D-dimensional rotated vector onto D contig-
uous complex symbols, and thereby generating a first
complex symbol sequence including the NC complex
symbols from the NS real symbols resulting from the con-
version; and performing processing equivalent to writing
the NC complex symbols in the first complex symbol se-
quence column by column into an interleaver matrix hav-
ing D rows, and to reading the NC complex symbols row
by row from the interleaver matrix.
[0169] A third transmission method is for transmitting
digital data, comprising: encoding a block of data of a
predetermined length with an error correction code; gen-
erating a real-valued symbol sequence including NS real-
valued symbols by mapping the encoded block of data
onto real-valued symbols a predetermined number of bits
at a time; converting D-dimensional vectors into D-di-
mensional rotated vectors by multiplying each of the D-
dimensional vectors by a D3D orthogonal matrix, each
of the D-dimensional vectors having D of the real-valued
symbols in the real-valued symbol sequence as ele-
ments, each of the D-dimensional rotated vectors having
D real symbols as elements; and generating a complex
symbol sequence from NS real symbols resulting from
the conversion, the complex symbol sequence including
NC = NS/2 complex symbols, wherein the complex sym-
bol sequence is generated by: mapping the D real sym-
bols of each D-dimensional rotated vector onto D/2 con-
tiguous complex symbols, and thereby generating a first
complex symbol sequence including NC first complex
symbols from the NS real symbols resulting from the con-
version; generating a second complex symbol sequence
including the NC complex symbols by inserting a delay
of D/2 symbols with a predetermined period between a
real component and an imaginary component of each of
the NC first complex symbols in the first complex symbol
sequence; and performing processing equivalent to writ-
ing the NC complex symbols in the second complex sym-
bol sequence column by column into an interleaver matrix
having D rows, and to reading the NC complex symbols
row by row from the interleaver matrix.
[0170] A first transmitter is for transmitting digital data,
comprising: an encoder encoding a block of data of a
predetermined length with an error correction code; a

real-valued symbol sequence generator generating a re-
al-valued symbol sequence including NS real-valued
symbols by mapping the encoded block of data onto real-
valued symbols a predetermined number of bits at a time;
a converter converting D-dimensional vectors into D-di-
mensional rotated vectors by multiplying each of the D-
dimensional vectors by a D3D orthogonal matrix, each
of the D-dimensional vectors having D of the real-valued
symbols in the real-valued symbol sequence as ele-
ments, each of the D-dimensional rotated vectors having
D real symbols as elements; and a complex symbol se-
quence generator generating a complex symbol se-
quence from NS real symbols resulting from the conver-
sion, the complex symbol sequence including NC = NS/2
complex symbols, wherein the complex symbol se-
quence generator generates the complex symbol se-
quence such that a distance between any two of the D
real symbols of each of the D-dimensional rotated vectors
is NC/D complex symbols or NC/D-1 complex symbols,
or such that the distance between any two of the D real
symbols of each of the D-dimensional rotated vectors,
except for part of the D-dimensional rotated vectors, is
NC/D complex symbols or NC/D-1 complex symbols.
[0171] A second transmitter is for transmitting digital
data, comprising: an encoder encoding a block of data
of a predetermined length with an error correction code;
a real-valued symbol sequence generator generating a
real-valued symbol sequence including NS real-valued
symbols by mapping the encoded block of data onto real-
valued symbols a predetermined number of bits at a time;
a converter converting D-dimensional vectors into D-di-
mensional rotated vectors by multiplying each of the D-
dimensional vectors by a D3D orthogonal matrix, each
of the D-dimensional vectors having D of the real-valued
symbols in the real-valued symbol sequence as ele-
ments, each of the D-dimensional rotated vectors having
D real symbols as elements; and a complex symbol se-
quence generator generating a complex symbol se-
quence from NS real symbols resulting from the conver-
sion, the complex symbol sequence including NC = NS/2
complex symbols, wherein the complex symbol se-
quence generator generates the complex symbol se-
quence: mapping the D real symbols of each D-dimen-
sional rotated vector onto D contiguous complex sym-
bols, and thereby generating a first complex symbol se-
quence including the NC complex symbols from the NS
real symbols resulting from the conversion; and perform-
ing processing equivalent to writing the NC complex sym-
bols in the first complex symbol sequence column by
column into an interleaver matrix having D rows, and to
reading the NC complex symbols row by row from the
interleaver matrix.
[0172] A third transmitter is for transmitting digital data,
comprising: an encoder encoding a block of data of a
predetermined length with an error correction code; a
real-valued symbol sequence generator generating a re-
al-valued symbol sequence including NS real-valued
symbols by mapping the encoded block of data onto real-

25 26 



EP 2 779 560 A1

15

5

10

15

20

25

30

35

40

45

50

55

valued symbols a predetermined number of bits at a time;
a converter converting D-dimensional vectors into D-di-
mensional rotated vectors by multiplying each of the D-
dimensional vectors by a D3D orthogonal matrix, each
of the D-dimensional vectors having D of the real-valued
symbols in the real-valued symbol sequence as ele-
ments, each of the D-dimensional rotated vectors having
D real symbols as elements; and a complex symbol se-
quence generator generating a complex symbol se-
quence from NS real symbols resulting from the conver-
sion, the complex symbol sequence including NC = NS/2
complex symbols, wherein the complex symbol se-
quence generator generates the complex symbol se-
quence by: mapping the D real symbols of each D-di-
mensional rotated vector onto D/2 contiguous complex
symbols, and thereby generating a first complex symbol
sequence including NC first complex symbols from the
NS real symbols resulting from the conversion; generat-
ing a second complex symbol sequence including the NC
complex symbols by inserting a delay of D/2 symbols
with a predetermined period between a real component
and an imaginary component of each of the NC first com-
plex symbols in the first complex symbol sequence; and
performing processing equivalent to writing the NC com-
plex symbols in the second complex symbol sequence
column by column into an interleaver matrix having D
rows, and to reading the NC complex symbols row by row
from the interleaver matrix.
[0173] The first, second, and third transmission meth-
ods and the first, second, and third transmission trans-
mitters can spread D real symbols of a D-dimensional
rotated constellation block so as to be even and to have
a large minimum distance, thereby achieving excellent
time diversity.
[0174] A fourth transmission method is any of the first,
second, and third transmission methods, wherein the
complex symbol sequence is divided into NF slices, and
the NS/2 complex symbols are mapped onto NF frames,
so that all the complex symbols of each of the NF slices
are mapped onto the same frame.
[0175] A fifth transmission method is the fourth trans-
mission method, wherein the division of the complex
symbol sequence is performed in a manner that a differ-
ence in the number of complex symbols included in each
of the NF slices is one at a maximum.
[0176] The fourth and fifth transmission methods fur-
ther improve time diversity.
[0177] A sixth transmission method is any of the first,
second, and third transmission methods, further compris-
ing interleaving groups that are each made up of two of
the real-valued symbols in the real-valued symbol se-
quence, the interleaving being performed between the
generation of the real-valued symbol sequence and the
conversion of the D-dimensional vectors.
[0178] A fourth transmitter is any of the first, second,
and third transmitters, further comprising an interleaver
interleaving groups that are each made up of two of the
real-valued symbols in the real-valued symbol sequence,

the interleaver being provided between the real-valued
symbol sequence generator and the converter.
[0179] The sixth transmission method and the fourth
transmitter can spread the burst errors that occur in the
channel, thereby improving robustness against the burst
errors that occur in the channel.
[0180] A seventh transmission method is any of the
first, second, and third transmission methods, wherein
each of the real-valued symbols is obtained as a result
of mapping of B bits, and the seventh transmission meth-
od further comprises interleaving groups of 23B bits in
a bit sequence including a plurality of bits of the encoded
block of data, the interleaving being performed between
the encoding of the block of data and the generation of
the real-valued symbol sequence.
[0181] A fifth transmitter is any of the first, second, and
third transmitters, wherein each of the real-valued sym-
bols is obtained as a result of mapping of B bits, and the
fifth transmitter further comprises an interleaver inter-
leaving groups of 23B bits in a bit sequence including a
plurality of bits of the encoded block of data, the inter-
leaver being provided between the encoder and the real-
valued symbol sequence generator.
[0182] The seventh transmission method and the fifth
transmitter can spread the burst errors that occur in the
channel, thereby improving robustness against the burst
errors that occur in the channel.
[0183] A first reception method is for receiving digital
data comprising: receiving a complex symbol sequence
including NC complex symbols obtained through any of
the first, second, and third transmission methods; extract-
ing, for each of NS/D D-dimensional rotated vectors, D
real symbols of the D-dimensional rotated vector from
the complex symbol sequence; generating an encoded
block of data by sequentially demapping the NS/D D-di-
mensional rotated vectors; and decoding the encoded
block of data by an error correction code.
[0184] A first receiver is for receiving digital data com-
prising: a receiving unit receiving a complex symbol se-
quence including NC complex symbols obtained by the
transmitter of any of the first, second, and third transmit-
ters; a real-valued symbol extractor extracting, for each
of NS/D D-dimensional rotated vectors, D real symbols
of the D-dimensional rotated vector from the complex
symbol sequence; a demapper generating an encoded
block of data by sequentially demapping the NS/D D-di-
mensional rotated vectors; and a decoder decoding the
encoded block of data by an error correction code.
[0185] The first reception method and the first receiver
can spread D real symbols of a D-dimensional rotated
constellation block so as to be even and to have a large
minimum distance, thereby achieving excellent time di-
versity.
[0186] A second reception method is for receiving dig-
ital data comprising: receiving a complex symbol se-
quence including NC complex symbols obtained through
either of the sixth and seventh transmission methods;
extracting, for each of NS/D D-dimensional rotated vec-
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tors, D real symbols of the D-dimensional rotated vector
from the complex symbol sequence; generating an en-
coded block of data by sequentially demapping the NS/D
D-dimensional rotated vectors; deinterleaving a plurality
of bits of the encoded block of data based on the inter-
leaving of the groups; and decoding the encoded block
of data that has been deinterleaved, with use of an error
correction code.
[0187] A second receiver is for receiving digital data
comprising: a receiving unit receiving a complex symbol
sequence including NC complex symbols obtained by ei-
ther of the fourth and fifth transmitters; a real-valued sym-
bol extractor extracting, for each of NS/D D-dimensional
rotated vectors, D real symbols of the D-dimensional ro-
tated vector from the complex symbol sequence; a dem-
apper generating an encoded block of data by sequen-
tially demapping the NS/D D-dimensional rotated vectors;
a deinterleaver deinterleaving a plurality of bits of the
encoded block of data based on the interleaving of the
groups by the interleaver; and a decoder decoding the
encoded block of data that has been deinterleaved, with
use of an error correction code.
[0188] The second reception method and the second
receiver can spread D real symbols of a D-dimensional
rotated constellation block so as to be even and to have
a large minimum distance, thereby achieving excellent
time diversity and improving robustness against the burst
errors that occur in the channel.

[Industrial Applicability]

[0189] The present invention is applicable to commu-
nications using rotated constellations.

[Reference Signs List]

[0190]

100A transmitter
110 FEC encoder
115 demultiplexer
120 PAM mapper
125 demultiplexer
130 constellation rotation unit
140 cell mapper
150a cell interleaver
160a frame interleaver
170a frame mapper
180 modulator
190 transmit antenna
300 receiver
310 receive antenna
320 demodulator
330 frame demapper
340 frame deinterleaver
350 cell deinterleaver
360 cell demapper
370 constellation demapper

380 FEC decoder
500A, 500B transmitter
510 FEC encoder
520 bit interleaver
520 QAM mapper
535A, 535B cell interleaver
540 constellation rotation unit
550A RC component separation unit
560 time/frequency interleaver
570 OFDM modulator
580 RF power amplifier
590 transmit antenna
700 receiver
710 receive antenna
720 RF frontend
730 OFDM demodulator
740 time/frequency deinterleaver
750 RC component combining unit
760 constellation demapper
770 cell deinterleaver
780 bit deinterleaver
790 FEC decoder

Claims

1. A transmission method for transmitting digital data,
comprising:

encoding a block of data of a predetermined
length with an error correction code;
generating a real-valued symbol sequence in-
cluding NS real-valued symbols by mapping the
encoded block of data onto real-valued symbols
a predetermined number of bits at a time;
converting D-dimensional vectors into D-dimen-
sional rotated vectors by multiplying each of the
D-dimensional vectors by a D3D orthogonal
matrix, each of the D-dimensional vectors hav-
ing D of the real-valued symbols in the real-val-
ued symbol sequence as elements, each of the
D-dimensional rotated vectors having D real
symbols as elements; and
generating a complex symbol sequence from NS
real symbols resulting from the conversion, the
complex symbol sequence including NC = NS/2
complex symbols, wherein
the complex symbol sequence is generated
such that a distance between any two of the D
real symbols of each of the D-dimensional ro-
tated vectors is NC/D complex symbols or NC/D-
1 complex symbols, or such that the distance
between any two of the D real symbols of each
of the D-dimensional rotated vectors, except for
part of the D-dimensional rotated vectors, is
NC/D complex symbols or NC/D-1 complex sym-
bols.
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2. A transmission method for transmitting digital data,
comprising:

encoding a block of data of a predetermined
length with an error correction code;
generating a real-valued symbol sequence in-
cluding NS real-valued symbols by mapping the
encoded block of data onto real-valued symbols
a predetermined number of bits at a time;
converting D-dimensional vectors into D-dimen-
sional rotated vectors by multiplying each of the
D-dimensional vectors by a D3D orthogonal
matrix, each of the D-dimensional vectors hav-
ing D of the real-valued symbols in the real-val-
ued symbol sequence as elements, each of the
D-dimensional rotated vectors having D real
symbols as elements; and
generating a complex symbol sequence from NS
real symbols resulting from the conversion, the
complex symbol sequence including NC = NS/2
complex symbols, wherein
the complex symbol sequence is generated by:

mapping the D real symbols of each D-di-
mensional rotated vector onto D contiguous
complex symbols, and thereby generating
a first complex symbol sequence including
the NC complex symbols from the NS real
symbols resulting from the conversion; and
performing processing equivalent to writing
the NC complex symbols in the first complex
symbol sequence column by column into an
interleaver matrix having D rows, and to
reading the NC complex symbols row by row
from the interleaver matrix.

3. A transmission method for transmitting digital data,
comprising:

encoding a block of data of a predetermined
length with an error correction code;
generating a real-valued symbol sequence in-
cluding NS real-valued symbols by mapping the
encoded block of data onto real-valued symbols
a predetermined number of bits at a time;
converting D-dimensional vectors into D-dimen-
sional rotated vectors by multiplying each of the
D-dimensional vectors by a D3D orthogonal
matrix, each of the D-dimensional vectors hav-
ing D of the real-valued symbols in the real-val-
ued symbol sequence as elements, each of the
D-dimensional rotated vectors having D real
symbols as elements; and
generating a complex symbol sequence from NS
real symbols resulting from the conversion, the
complex symbol sequence including NC = NS/2
complex symbols, wherein
the complex symbol sequence is generated by:

mapping the D real symbols of each D-di-
mensional rotated vector onto D/2 contigu-
ous complex symbols, and thereby gener-
ating a first complex symbol sequence in-
cluding NC first complex symbols from the
NS real symbols resulting from the conver-
sion;
generating a second complex symbol se-
quence including the NC complex symbols
by inserting a delay of D/2 symbols with a
predetermined period between a real com-
ponent and an imaginary component of
each of the NC first complex symbols in the
first complex symbol sequence; and
performing processing equivalent to writing
the NC complex symbols in the second com-
plex symbol sequence column by column
into an interleaver matrix having D rows,
and to reading the NC complex symbols row
by row from the interleaver matrix.

4. The transmission method of any of Claims 1 to 3,
wherein
the complex symbol sequence is divided into NF slic-
es, and the NS/2 complex symbols are mapped onto
NF frames, so that all the complex symbols of each
of the NF slices are mapped onto the same frame.

5. The transmission method of Claim 4, wherein
the division of the complex symbol sequence is per-
formed in a manner that a difference in the number
of complex symbols included in each of the NF slices
is one at a maximum.

6. The transmission method of any of Claims 1 to 3,
further comprising
interleaving groups that are each made up of two of
the real-valued symbols in the real-valued symbol
sequence, the interleaving being performed be-
tween the generation of the real-valued symbol se-
quence and the conversion of the D-dimensional
vectors.

7. The transmission method of any of Claims 1 to 3,
wherein
each of the real-valued symbols is obtained as a re-
sult of mapping of B bits, and
the transmission method further comprises inter-
leaving groups of 23B bits in a bit sequence includ-
ing a plurality of bits of the encoded block of data,
the interleaving being performed between the en-
coding of the block of data and the generation of the
real-valued symbol sequence.

8. A reception method for receiving digital data com-
prising:

receiving a complex symbol sequence including
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NC complex symbols obtained through the
transmission method of any of Claims 1 to 3;
extracting, for each of NS/D D-dimensional ro-
tated vectors, D real symbols of the D-dimen-
sional rotated vector from the complex symbol
sequence;
generating an encoded block of data by sequen-
tially demapping the NS/D D-dimensional rotat-
ed vectors; and
decoding the encoded block of data by an error
correction code.

9. A reception method for receiving digital data com-
prising:

receiving a complex symbol sequence including
NC complex symbols obtained through the
transmission method of either Claim 6 or 7;
extracting, for each of NS/D D-dimensional ro-
tated vectors, D real symbols of the D-dimen-
sional rotated vector from the complex symbol
sequence;
generating an encoded block of data by sequen-
tially demapping the NS/D D-dimensional rotat-
ed vectors;
deinterleaving a plurality of bits of the encoded
block of data based on the interleaving of the
groups; and
decoding the encoded block of data that has
been deinterleaved, with use of an error correc-
tion code.

10. A transmitter for transmitting digital data, comprising:

an encoder encoding a block of data of a pre-
determined length with an error correction code;
a real-valued symbol sequence generator gen-
erating a real-valued symbol sequence includ-
ing NS real-valued symbols by mapping the en-
coded block of data onto real-valued symbols a
predetermined number of bits at a time;
a converter converting D-dimensional vectors
into D-dimensional rotated vectors by multiply-
ing each of the D-dimensional vectors by a D3D
orthogonal matrix, each of the D-dimensional
vectors having D of the real-valued symbols in
the real-valued symbol sequence as elements,
each of the D-dimensional rotated vectors hav-
ing D real symbols as elements; and
a complex symbol sequence generator gener-
ating a complex symbol sequence from NS real
symbols resulting from the conversion, the com-
plex symbol sequence including NC = NS/2 com-
plex symbols, wherein
the complex symbol sequence generator gen-
erates the complex symbol sequence such that
a distance between any two of the D real sym-
bols of each of the D-dimensional rotated vec-

tors is NC/D complex symbols or NC/D-1 com-
plex symbols, or such that the distance between
any two of the D real symbols of each of the D-
dimensional rotated vectors, except for part of
the D-dimensional rotated vectors, is NC/D com-
plex symbols or NC/D-1 complex symbols.

11. A transmitter for transmitting digital data, comprising:

an encoder encoding a block of data of a pre-
determined length with an error correction code;
a real-valued symbol sequence generator gen-
erating a real-valued symbol sequence includ-
ing NS real-valued symbols by mapping the en-
coded block of data onto real-valued symbols a
predetermined number of bits at a time;
a converter converting D-dimensional vectors
into D-dimensional rotated vectors by multiply-
ing each of the D-dimensional vectors by a D3D
orthogonal matrix, each of the D-dimensional
vectors having D of the real-valued symbols in
the real-valued symbol sequence as elements,
each of the D-dimensional rotated vectors hav-
ing D real symbols as elements; and
a complex symbol sequence generator gener-
ating a complex symbol sequence from NS real
symbols resulting from the conversion, the com-
plex symbol sequence including NC = NS/2 com-
plex symbols, wherein
the complex symbol sequence generator gen-
erates the complex symbol sequence by:

mapping the D real symbols of each D-di-
mensional rotated vector onto D contiguous
complex symbols, and thereby generating
a first complex symbol sequence including
the NC complex symbols from the NS real
symbols resulting from the conversion; and
performing processing equivalent to writing
the NC complex symbols in the first complex
symbol sequence column by column into an
interleaver matrix having D rows, and to
reading the NC complex symbols row by row
from the interleaver matrix.

12. A transmitter for transmitting digital data, comprising:

an encoder encoding a block of data of a pre-
determined length with an error correction code;
a real-valued symbol sequence generator gen-
erating a real-valued symbol sequence includ-
ing NS real-valued symbols by mapping the en-
coded block of data onto real-valued symbols a
predetermined number of bits at a time;
a converter converting D-dimensional vectors
into D-dimensional rotated vectors by multiply-
ing each of the D-dimensional vectors by a D3D
orthogonal matrix, each of the D-dimensional
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vectors having D of the real-valued symbols in
the real-valued symbol sequence as elements,
each of the D-dimensional rotated vectors hav-
ing D real symbols as elements; and
a complex symbol sequence generator gener-
ating a complex symbol sequence from NS real
symbols resulting from the conversion, the com-
plex symbol sequence including NC = NS/2 com-
plex symbols, wherein
the complex symbol sequence generator gen-
erates the complex symbol sequence by:

mapping the D real symbols of each D-di-
mensional rotated vector onto D/2 contigu-
ous complex symbols, and thereby gener-
ating a first complex symbol sequence in-
cluding NC first complex symbols from the
NS real symbols resulting from the conver-
sion;
generating a second complex symbol se-
quence including the NC complex symbols
by inserting a delay of D/2 symbols with a
predetermined period between a real com-
ponent and an imaginary component of
each of the NC first complex symbols in the
first complex symbol sequence; and
performing processing equivalent to writing
the NC complex symbols in the second com-
plex symbol sequence column by column
into an interleaver matrix having D rows,
and to reading the NC complex symbols row
by row from the interleaver matrix.

13. The transmitter of any of Claims 10 to 12, further
comprising
an interleaver interleaving groups that are each
made up of two of the real-valued symbols in the
real-valued symbol sequence, the interleaver being
provided between the real-valued symbol sequence
generator and the converter.

14. The transmitter of any of Claims 10 to 12, wherein
each of the real-valued symbols is obtained as a re-
sult of mapping of B bits, and
the transmitter further comprises an interleaver in-
terleaving groups of 23B bits in a bit sequence in-
cluding a plurality of bits of the encoded block of data,
the interleaver being provided between the encoder
and the real-valued symbol sequence generator.

15. A receiver for receiving digital data comprising:

a receiving unit receiving a complex symbol se-
quence including NC complex symbols obtained
by the transmitter of any of Claims 10 to 12;
a real-valued symbol extractor extracting, for
each of NS/D D-dimensional rotated vectors, D
real symbols of the D-dimensional rotated vector

from the complex symbol sequence;
a demapper generating an encoded block of da-
ta by sequentially demapping the NS/D D-di-
mensional rotated vectors; and
a decoder decoding the encoded block of data
by an error correction code.

16. A receiver for receiving digital data comprising:

a receiving unit receiving a complex symbol se-
quence including NC complex symbols obtained
by the transmitter of either Claim 13 or 14;
a real-valued symbol extractor extracting, for
each of NS/D D-dimensional rotated vectors, D
real symbols of the D-dimensional rotated vector
from the complex symbol sequence;
a demapper generating an encoded block of da-
ta by sequentially demapping the NS/D D-di-
mensional rotated vectors;
a deinterleaver deinterleaving a plurality of bits
of the encoded block of data based on the inter-
leaving of the groups by the interleaver; and
a decoder decoding the encoded block of data
that has been deinterleaved, with use of an error
correction code.
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