Claims

|Claim 1] A transmission apparatus for transmitting a block of data over a plurality of
transmission channels, the transmission apparatus comprising:

a modulator aperable to generate one of a plurality of rotated copstellation
points in accordance with the block of data to be transmitted, each of th_t: plurality of
rolated constellation points having N components; and '

a transmitter operable to transmit each component of the ;.g-énmnted rotated
constellation point over a different one of the plurality of {rangmission channels,
wherein /

the plurality of rotated constellation points are obtained by applying an

orthogonal transformation to each of a plurality of initial conétellation points that lias
N components, A

N is a multiple of four, _

the orthogonal transformation has one of (i) ari N-by-N matrix representation
with absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value, and (ii) a matrix representation obtained by permuting either or both of rows
and columns in the N-by-N matrix representation, and

when the N-by-N matrix representati on is denoted by R,
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a and b denote real parameters.
each sign value s;, satisfies
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, and

the real parameters a and b satisfy

a’+(N-Db*> =1

[Claim 2] A veception apparatus for receiving a block of data over a plurality of

fransmission channels, the reception apparatus comprising:
a receiver operable to receive N component signals over the plurality of
ranspssion-channels; and



a demodulator operable to select one of a plurality of rotated copélellation
points in accordance with the plurality of received N component signals, whcrein

the plurality of rotated constellation points are obtained by/applying an
orthogonal transformation to each of a plurality of initial constellation/points that has
N components ,

N is a multiple of four, and

the orthogonal transformation has one of (i) an N-by-N matrix representation
with absolute values of all elements on a main diagonal equal {9 a {irst value, and with
absolute values of all elements not on the main diagonal c:qiia] to a non-zero second
value, and (i) a matrix representation obtained by permuling either or both of rows
and columns in the N-by-N matrix representation, and /

when the N-by-N matrix representation is denoted by R,
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a and b denote real parameters,
each sign value s;; satisfies

ij E{_IJ‘_II , and

the real parameters ¢ and b satisfy

a’ +(N-1Nb*> =1

[Claim 3] A transmiSsion method for transmitting a block of data over a plurality of
transmission changiels, the fransmission method comprising the steps of:
generating one of a plurality of rotated constellation points in accordance

with the block of data to be transmitted, each of the plurality of rotated constellation
peints haviwg N components; and

transmitting each component of the gener dted rotated constellation point over
a differént one of the plurality of transmission channels, wherein

the plurality of rotated constcllation points are obtained by applying an
ortiogonal transformation to each of a plurality of initial constellation points that has
Meomponents,



N 1s a multiple of four, and

the orthogonal transformation has one of (i) an N-by-N matrix repregentation
with absolute values of all elements on a main diagonal equal to a first valug, and with
absolute values of all elemcents not on the main diagonal equal to a nony/zero second
value, and (ii) a matrix representation obtained by permuting either of both of rows
and columns in the N-by-N matrix representation, and

when the N-by-N matrix representation is denoted by R,
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a and b denote real parameters,
each sign value s;; satisfies

S;; € {— 1,+1}

the real parameters @ and b satis[y

a® + (N =1)b* =1,

,and

[Claim 4] A reception method for receiving a block of data over a plurality of
transmission channels, the recgption method comprising the steps of:

receiving N compopent signals over the plurality of transmission channels;
and

selecting one of/a plurality of rotated constellation points in accordance with
the plurality of received N component signals, wherein

the plurality of rotated constellation points arc obtained by applying an
orthogonal transfarmation to each of a plurality of initial constellation points that has
N components |,

N is a‘multiple of four, and ;

the/orthogonal transformation has one of (i) an N-by-N matrix representation
with absglute values of all elements on a main diagonal equal to a first value, and with
absoluté values of all elements not on the main diagonal equal to a non-zero second
valug, and (i) a matrix representation obtained by permuting either or both of rows
and columuns in the N-by-N matrix representation, and

when-the-N=by=N-matrix-representatton-ts-denoted-by-R;
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a and b denote real parameters,
each sign value s;; satisfies
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the real parameters a and b satisfy

a’+(N-Db* =1

[Claim 5] A generation mcthod for genepating an N-dimensional rotated constellation
for a digital modulation scheme in 4 data communication system, the generation
method comprising the steps of:

receiving a plurality of veetors of an N-dimensional vector space; and

obtaining constellation points of the N-dimensional rotated constellation by
applying an orthogonal transformation to the plurality of vectors received, wherein

the orthogonal irapsformation is adapted for increasing a minimum nuraber of
different values in components of any two distinct N-dimensional rotated constellation
points relative to a minimum number of different valucs in components of any two
distinct vectors recgived, and

the arthegonal transformation has one of (i) an N-by-N matrix representation,
N being a multiple of four, with absolute values of all elements on a main diagonal
equal to a first value, and with absolute values of all elements not on the main diagonal
equal (o a non-zero second value, and (ii) a matrix representation obtained by
permuting either or both of rows and columns in the N-by-N matrix representation,
and

when-the N-by-N-matrixrepresentation is denoted by R;
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a and b denote real parameters,
each sign value s;; satisfies
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the real parameters ¢ and b satisfy

a’+(N-Db*> =1



Claims

A transmission apparatus for transmitting a block of data over a plurality of transmission

channels, the transmission apparatus comprising:

a modulator operable to obtain N constellation components in accordance with the block

of data to be transmitted; and

a transmitter operable to transmit each of the obtained N constellation components,

wherein

the N constellation components are obtained by using an orthogonal transformation,

N is a multiple of four, and

the orthogonal transformation has one of (i) an N-by-N matrix R representation with
absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value, and (ii) a matrix representation obtained by permuting rows and/or columns in the

N-by-N matrix R representation,
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a and b denote real parameters,

each sign value s;; satisfies s, ; € {— 1,+1}, and

the real parameters a and b satisfy a® + (N -1)b* =1



A reception apparatus for receiving a block of data over a plurality of transmission

channels, the reception apparatus comprising:
a receiver operable to receive a plurality of component signals; and

a demodulator operable to perform demapping processing of N constellation components

in accordance with the plurality of received component signals, wherein
the N constellation components are obtained by using an orthogonal transformation,

N is a multiple of four, and

the orthogonal transformation has one of (i) an N-by-N matrix R representation with
absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value, and (ii) a matrix representation obtained by permuting rows and/or columns in the

N-by-N matrix R representation,
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a and b denote real parameters,

each sign value s;; satisfies s;, € {— 1,+1}, and

the real parameters a and b satisfy a’ + (N —1)b% =1

A transmission method for transmitting a block of data over a plurality of transmission

channels, the transmission method comprising:

obtaining N constellation components in accordance with the block of data to be

transmitted; and
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transmitting each of the obtained N constellation components, wherein

the N constellation components are obtained by using an orthogonal transformation,

N is a multiple of four, and

the orthogonal transformation has one of (i) an N-by-N matrix R representation with
absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value,-and (ii) a matrix representation obtained by permuting rows and/or columns in the

N-by-N matrix R representation,
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a and b denote real parameters,

each sign value s;; satisfies s, . € {—1,+1}, and

the real parameters a and b satisfy a* +(N - 1)b> =1.

A reception method for receiving a block of data over a plurality of transmission channels,

the reception method comprising:
receiving a plurality of component signals; and

performing demapping processing of N constellation components in accordance with the

plurality of received component signals, wherein

the N constellation components are obtained by using an orthogonal transformation,

N is a muftiple of four, and
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the orthogonal transformation has one of (i) an N-by-N matrix R representation with
absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value, and (ii) a matrix representation obtained by permuting rows and/or columns in the

N-by-N matrix R representation,
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a and b denote real parameters,

each sign value s;; satisfies s, ; € {— 1,+1}, and

the real parameters a and b satisfy a> + (N -1)b> =1.

A generation method for generating an N-dimensional constellation for a digital
modulation scheme in a data communication system, N being a multiple of four, the

generation method comprising:
receiving a plurality of vectors of an N-dimensional space; and

obtaining constellation points of the N-dimensional constellation by applying an

orthogaonal transformation to the plurality of vectors received,

wherein the orthogonal transformation has one of (i) an N-by-N matrix R representation,
with absolute values of all elements on a main diagonal equal to a first value, and with
absolute values of all elements not on the main diagonal equal to a non-zero second
value, and (ii) a matrix R representation obtained by permuting rows and/or columns in

the N-by-N matrix representation,
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a and b denote real parameters,

each sign value s;; satisfies s;; € {~1,+1}, and

the real parameters a and b satisfy a” +(V —1)b* =1



