Claims

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

a modulator operable to generate one of a plurality of rotated t.mlC.K‘llaUOH
points in accordance with the block of data to be transmitied, cach of lhc plurality of
rotated constellation points having N components; and

a transmitter operable to transmit each component of the, Qa,nmated rotated

constellation point over a different one of the plurality of transmission channels,
wherein :

the plurality of rotated constellation points are o_bﬂiined by applying an
orthogonal transformation to each of a plurality of initial cg@nstellation points that has
N components,

N 1s a multiple of four,

the orthogonal transformation has one of (i)/an 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 (11) a matrix representation olnaiuéd by permuting either or both of rows
and columns in the N-by-N matrix representation, and

when the N-by-N matrix represenfation is denoted by R,

fSl,la Sl,zb Sl,Nb
R 52:11) 55,0
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_SN,lb SN,N-lb Snyna
a and b denote rgal parameters,
each sign valug s;; satisfies
e
7 1 1’+1 , and
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the real parameters a and b satisfy
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[Claim 2] A reception apparatus for receiving a block of data over a plarality of
transmission channels, the reception apparatus comprising;: _ ;

a receiver operable to receive N component signals over the plurality of
transmission channels; and

a demodulator operable to select one of a plurality of rofated constellation
points in accordance with the plurality of received N component __Si.g-._‘,].lalﬁ, wherein

the plurality of rotated constellation points are obfained by applying an
orthogonal transformation to each of a plurality of initial consicllation 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 diagenal 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 (i1) 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 representation is denoted by R,
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a and b denote real parameters,
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[Claim 3] A transmission method for transmitting a block of data oyer a plurality of
transmission channels, the transmission method comprising the stepg of:
generating one of a plurality of rotated constellation points mn accordance

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

transmitting each component of the generated rotatéd constellation point over
a different one of the plurality of transmission channels, wherein

the plurality of rotated constellation points dre obtained by applying an
orthogonal transformation to each of a plurality of inifial 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 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 representation is denoted by R,
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a and b denote real parameters,
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[Claim 4] A reception method for receiving a block of data over __a"' plurality of
transmission channels, the reception method comprising the steps of: "
receiving N component signals over the plurality of h'unrl.;_ri"]issi011 channels;
and '

selecting one of a plurality of rotated constellation poi:;ﬂs in accordance with
the plurality of received N component signals, wheremn _ :

the plurality of rotated constellation points are, /‘obtained by applying an
orthogonal transformation to each of a plurality of initia} 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 djagonal 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 (i) a matrix representation obm_i.r'féd by permuting either or both of rows
and columns in the N-by-N matrix representation, and

when the N-by-N matrix 1‘61)1‘esc-;n'tatim_1 1s denoted by R,
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a and b denote redl parameters,
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[Claim 5] A generation method for generating an N-dimensional rotated consiellation
for a digital modulation scheme in a data communication system, ﬂl_l(';- generation
method comprising the steps of:

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

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

the orthogonal transformation is adapted for increasing’a minimum number of
different values in components of any two distinct N-dimensional rotated constellation
points relative to a minimum number of different values/in components of any two
distinct vectors received, and '

the orthogonal transformation has one of (i) anl 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 to a non-zero second value, and (ii) A4 matrix representation obtained by
permuting either or both of rows and columus in the N-by-N matrix representation,
and

when the N-by-N matrix representation is denoted by R,
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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 LI
the N constellation components are obtained by using an orthogonal transformation,
N is 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 firsft 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,

(s,a s.0 s,0 5.,b)

S. b S..a S,3b s,.b
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a and b denote real parameters,
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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,
L

N is four, and

the orthogonal transformation has one of (i) an N-by-f(J 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 andjor columns in the

N-by-N matrix R representation,

saa s,b s5b s .0
S b s,a0 s,5300 sy b
S0 sab sya sy L,b

Sl s..b s, b s, ,a

a and b denote real parameters,

A

(511 S2 93 4 (+l -1 -1 -1

+1 +1 =] +1,

2 R 23 By

each sign value s;; satisfies| $31 532 $33 %14 +1 +1 +1 =1

4y San a3 Saa) LH1 =1 1+

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

transmitted: and
transmitting each of the obtained N constellation components, wherein
the N constellation components are obtained by using an orthogonal transformation,

N is 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,

spa saboosab o osub

R Sa b $i.0 s,300 $,.D
Sib 83,0 s,a 0 sy,b

sab sLbosbos,a )

a and b denote real parameters,

EREEEREE 51.4] +l -1 -] —1)
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each sign value s;; satisfies| 531 %32 $33 $34| |+1 +1 +1 —1| and
S0 S42 Sa3 Sa4) 4l -1+ +]

the real parameters a and b satisfy «” +(N —1b* =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
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plurality of received component signals, wherein

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

N is 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

H . i 0
N-by-N matrix R representation,
S.a s.b o sab s b
_ s, sy,a 0 8,500 5,0 i
s.0 si,b sy a0 s,,b
Ls'Mb sab s,0 s, 5

a and b denote real parameters,
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each sign value s;; satisfies| $3.1 $32 333 %34 +1 +# +1 -1], and
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the real parameters a and b satisfy «*> +(N —Db” =1.

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

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

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

orthogonal transformation to the plurality of vectors received,
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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 equat to a first value, and with
absolute values of alt elements not on the main diagonal equal to a non-zero second
value, and (i) a matrix R representation obtained by permuting rows and/or columns in

the N-by-N matrix representation,

/
Sua Spb 5500 5,0
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sab s.b 5.0 s,,a .

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



