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Claims 

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

a modulator operable to generate 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 points having N components; and 

a transmitter operable to transmit each component of the generated rotated 
constellation point over a different one of the plurality of transmission channels, 
wherein 

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, 
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 
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a and b denote real parameters, 
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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 plurality of 
transmission channels, the reception apparatus comprising: 

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

f 	 1, sl, 1 a 	s1 2 b 	• •• 	Si N.- 

denoted by R, 
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a and b denote real parameters, 
each sign value sii  satisfies 

S • E {— 1 +11 id 	) , and 

the real parameters a and b satisfy 

a 2 + (N —1)b 2 
=1 • 

[Claim 3] A transmission method for transmitting a block of data over a plurality of 
transmission channels, the transmission 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. 
points having N components; and  

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

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, 
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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 

R = 

the N-by-N matrix representation is 
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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 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 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 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, 
each sign value s,, satisfies 

S 1., j. E {— 1 + 1} 
, and 

the real parameters a and b satisfy 

a 2 + (N — 1)b 2  =1 • 

[Claim 5] A generation method for generating an N-dimensional rotated constellation 
for a digital modulation scheme in a data communication system, the 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 rotated constellation by 

applying an orthogonal transforination to the plurality of vectors received, 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) 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 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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Claims 
[Claim 1] A transmission apparatus for transmitting a block of data over a 

plurality of transmission channels, the transmission apparatus 

comprising: 

a modulator operable to select one of a plurality of constellatio 	points 

in accordance with the block of data to be transmitted, each 	the 

plurality of constellation points having a plurality of corn 	nents; and 

a transmitter operable to transmit each component of th selected con- 

stellation point over a different one of the plurality o 	ansmission 

channels, wherein 

the plurality of constellation points are defined 	positions thereof 

within an N-dimensional space, the positions .eing obtained by 

applying an orthogonal transformation to a 	bset of 

Z N  

, which is an N-dimensional integi. lattice, 

N is a multiple of four, and 

the orthogonal transformatio 	as an N-by-N matrix representation 

with absolute values of all = ements on a main diagonal equal to a first 

value, and with absolute 	alues of all elements not on the main 

diagonal equal to a no -zero second value. 

[Claim 2] The transmission a 	aratus according to claim 1, wherein 

instead of the N- 	-N matrix representation, the orthogonal trans-

formation has . matrix representation obtained by permuting rows and/ 

or columns i • the N-by-N matrix representation. 

[Claim 3] The trans • tssion apparatus according to claim 1, further comprising 

a mapp• operable to map each component of the selected constellation 

point o the corresponding one of the plurality of transmission channels 

ovi. which the component is to be transmitted, such that fading of each 

• the plurality of transmission channels is uncorrelated with fading of 

any other one of the plurality of transmission channels. 

[Claim 4] The transmission apparatus according to claim 1, wherein 

the transmitter is adapted for transmitting each component of the 

selected constellation point over a different one of a plurality of time 

slots, frequencies, transmitter antennas, or combinations thereof. 

[Claim 5] The transmission apparatus according to claim 1, wherein 
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the plurality of transmission channels comprise a plurality of different 

carriers in an orthogonal frequency-division multiplexing scheme. 

[Claim 6] The transmission apparatus according to claim 1, wherein 

the plurality of transmission channels comprise a plurality of differ nt 

symbols in an orthogonal frequency-division multiplexing sehe , •. 

[Claim 7] A reception apparatus for receiving a block of data over a plu . lity of 

transmission channels, the reception apparatus comprising: 

a receiver operable to receive a plurality of component s 	nals over the 

plurality of transmission channels; and 

a demodulator operable to select one of a plurality 	constellation 

points in accordance with the plurality of receiv • . component signals, 

wherein 

the plurality of constellation points are defin ,  d by positions thereof 

within an N-dimensional space, the positi. s being obtained by 

applying an orthogonal transformation 	a subset of 

N  Z 

, which is an N-dimensional i 	ger lattice, 

N is a multiple of four, and 

the orthogonal transform: ion has an N-by-N matrix representation 

with absolute values o all elements on a main diagonal equal to a first 

value, and with abs • 	to values of all elements not on the main 

diagonal equal to 	non-zero second value. 

[Claim 8] The reception 	paratus according to claim 7, wherein 

instead of the 	-by-N matrix representation, the orthogonal trans- 

formation 	as a matrix representation obtained by permuting rows and/ 

or colui 	is in the N-by-N matrix representation. 

[Claim 9] The 1 	eption apparatus according to claim 7, wherein 

the •lurality of transmission channels comprise a plurality of different 

Tiers in an orthogonal frequency-division multiplexing scheme. 

[Claim 10] The reception apparatus according to claim 7, wherein 

the plurality of transmission channels comprise a plurality of different 

symbols in an orthogonal frequency-division multiplexing scheme. 

[Claim 11] A transmission method for transmitting a block of data over a plurality 

of transmission channels, the transmission method comprising the steps 

of: 

selecting one of a plurality of constellation points in accordance with 
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the block of data to be transmitted, each of the plurality of constellation 

points having a plurality of components; and 

transmitting each component of the selected constellation point over . 

different one of the plurality of transmission channels, wherein 

the plurality of constellation points are defined by positions (her 	)f  

within an N-dimensional space, the positions being obtained . 

applying an orthogonal transformation to a subset of 

N  Z 

, which is an N-dimensional integer lattice, 

N is a multiple of four, and 

the orthogonal transformation has an N-by- . matrix representation 

with absolute values of all elements on a • ain diagonal equal to a first 

value, and with absolute values of all e -rents not on the main 

diagonal equal to a non-zero second •alue. 

[Claim 12] The transmission method accordi, _ to claim 11, wherein 

instead of the N-by-N matrix r- presentation, the orthogonal trans- 

formation has a matrix repre 	[nation obtained by permuting rows and/ 

or columns in the N-by-N liatrix representation. 

[Claim 13] The transmission meth.: according to claim 11, further comprising the 

step of 

mapping each cot +anent of the selected constellation point to the cor-

responding one .f the plurality of transmission channels over which the 

component i 	o be transmitted, such that fading of each of the plurality 

of transmit -ion channels is uncorrelated with fading of any other one of 

the plug: ity of transmission channels. 

[Claim 14] The 	nsmission method according to claim 11, wherein 

the . urality of transmission channels comprise a plurality of different 

curlers in an orthogonal frequency-division multiplexing scheme. 

[Claim 15] The transmission method according to claim 11, wherein 

the plurality of transmission channels comprise a plurality of different 

symbols in an orthogonal frequency-division multiplexing scheme. 

[Claim 16] A reception method for receiving a block of data over a plurality of 

transmission channels, the reception method comprising the steps of: 

receiving a plurality of component signals over the plurality of 

transmission channels; and 

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

the plurality of constellation points are defined by positions thereof 

within an N-dimensional space, the positions being obtained by 

applying an orthogonal transformation to a subset of 

Z N  

, which is an N-dimensional integer lattice, 

N is a multiple of four, and 

the orthogonal transformation has an N-by-N inatri 	representation 

with absolute values of all elements on a main d-  gonal equal to a first 

value, and with absolute values of all element 	of on the main 

diagonal equal to a non-zero second value. 

[Claim 17] The reception method according to claim 	6, wherein 

instead of the N-by-N matrix represent • 'on, the orthogonal trans- 

formation has a matrix representatio' obtained by permuting rows and/ 

or columns in the N-by-N matrix 	presentation. 

[Claim 18] The reception method accordin to claim 16, wherein 

the plurality of transmission • annels comprise a plurality of different 

carriers in an orthogonal fr quency-division multiplexing scheme. 

[Claim 19] The reception method a 	rding to claim 16, wherein 

the plurality of trans 	ssion channels comprise a plurality of different 

symbols in an orths _oval frequency-division multiplexing scheme. 

[Claim 20] A generation me 	od for generating a multi-dimensional constellation 

for a digital m .dulation scheme in a data communication system, the 

generation i • ethod comprising the steps of: 

receiving 	plurality of vectors of a multi-dimensional vector space; 

and 

obta' i ng constellation points of the multi-dimensional constellation by 

applying an orthogonal transformation to the plurality of vectors 

eceived, wherein 

the orthogonal transformation is adapted for increasing a minimum 

number of different values in components of any two distinct multi-

dimensional constellation points relative to a minimum number of 

different values in components of any two distinct vectors received, and 

the orthogonal transformation has 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 
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not on the main diagonal equal to a non-zero second value. 

[Claim 21] The generation method according to claim 20, wherein 

instead of the N-by-N matrix representation, the orthogonal trans- 

formation has a matrix representation obtained by permuting rows and, 

or columns in the N-by-N matrix representation. 

[Claim 22] The generation method according to claim 20, further compn ng the 

steps of: 

selecting a rotation factor r as a real number between 0 a d 1; 

calculating the first value, a, by evaluating an express 	n 

1
r(N —) 

N 
• 
calculating the second value, b, by ev-4uating an expression 

b =  1 r  
N 

;and 

determining the orth. -canal transformation by selecting a sign value sij  

for each element ( j) of a matrix representation 

IP 
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, such that the matrix representation is orthogonal. 

[Claim 23] The generation method according to claim 22, wherein 

the selected rotation factor r maximizes the minimum number of 

different values in the components of any two distinct multi-di- 

mensional constellation points. 

[Claim 'LI] The generation method according to claim 20, wherein 
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the plurality of vectors received represent a subset of 

Z N  

, which is an N-dimensional integer lattice. 


